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AUTHOR'S  PREFACE, 


Tke  FiMi  Edition  of  his  **  Principles  of  Human  PLysiobgy''  having  l>een 
for  aonie  years  out  of  print,  and  the  Author  having  been  ropeatedly  urge<l 
bj  his  Publiiiher  to  prepare  a  Sixth,  he  for  some  time  cherialied  the 
ilkope  of  accomplishing  thk,  so  soon  as  he  should  have  completed  a 
tueriea  of  original  refsearches  which  he  felt  himseli"  pledged  to  cany 
iiKrongh.  On  applying  himaelf  to  the  task,  howerer,  lie  found  that 
ingiipemblc  diffieultios  lay  in  the  way  of  his  satisfactory  performance 
of  it.  For  Laving  long  since  relinquished,  on  hia  appointment  to  the 
post  he  at  prasent  occupies,  the  duties  of  a  Teacher  of  Physiology,  and 
having  c-onsequentSy  ceased  to  feel  it  incumbent  upou  him  to  keep  up 
with  the  progress  of  the  science  in  detaO,  he  found  that  the  mass  of  new 
material  which  had  heen  accmnukted  by  the  industry  of  inquirers  in 
every  one  of  its  departmenta  was  far  greater  than  it  lay  witliin  hia  capa- 
city to  sj^stenmtize ;  the  time  and  working  power  left  at  his  disposal  by 
the  requirements  of  hia  official  position  being  extremely  limited.  Feel- 
ing it  now  to  be  his  duty,  moreover,  to  devote  such  power  as  remains  to 
him  rather  to  the  extenaion  of  the  boundariesof  knowledge  by  research ea 
of  his  oivn,  than  to  the  co-ordination  of  the  results  elaborated  by  others, 
he  became  not  only  willing  but  deairous  to  retire  from  the  field  he  had 
BO  long  occupied,  and  Uy  leave  the  cidtivation  of  it  to  men  of  a  younger 
k  generation. 

As  it  was  represented  to  the  Author^  however,  that  other  interests 
than  his  own  required  that  this  Treatise  should  be  kept  before  the  public, 
he  has  thought  it  right  to  acquiesce  in  the  proposition  of  his  Publisher 
that  it  should  be  reproduced  by  a  competent  Editor,  upon  whom  should 
rest  the  entire  charge  of  accommodating  the  work  to  the  present  state 
of  Physiological  Science  ;  and  having  been  fortunate  enough  to  obtain 
for  til  is  purpose  the  services  of  a  gentleman  in  whose  ability  and  con- 
acieutiotis  jjeal  he  felt  great  confidence,  he  has  left  the  preparation  of  this 
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Edition  most  unreservedly  in  his  hands.  The  First  and  Second  Chapters, 
however,  having  been  prepared  by  the  Author  before  the  necessity  of 
relinquishing  the  charge  of  the  work  had  been  forced  upon  him,  he 
placed  these  in  Mr.  Power's  possession,  to  be  employed  or  put  aside  at 
his  discretion ;  but  with  this  exception  he  holds  himself  exempt  from 
responsibility  in  regard  either  to  the  scientific  character  or  the  literary 
execution  of  the  present  issue,  in  which  he  feels  it  right  to  add  that  he 
has  no  pecimiary  interest  whatever. 

The  extent  of  the  additions  which  the  Editor  found  it  desirable  to 
make  in  various  parts  of  the  volume,  joined  to  the  objection  of  the 
Publisher  to  any  material  increase  of  its  bulk,  caused  the  question  to 
be  submitted  to  the  Author  in  what  manner  these  two  conditions  could 
best  be  reconciled ;  and  he  could  not  see  how  the  difficulty  was  to  be 
met  in  any  other  way,  than  by  the  omission  of  the  outline  of  Psychology 
which  had  been  given  in  the  last  two  Editions  under  the  title  "  Func- 
tions of  the  Cerebrum."  To  this  omission  he  has  been  the  less  in- 
disposed, since  on  the  one  hand  he  has  felt  it  doubtful  whether  such  an 
outline  has  a  proper  claim  to  a  place  in  a  treatise  on  Physiology; 
whilst,  on  the  other,  he  is  not  without  hope  that  he  may  find  himself 
able  at  some  future  time  to  expand  this  outline  into  a  Manual,  which 
may  be 'of  value  to  that  increasing  class  of  Students  who  desire  to  pursue  ' 
their  inquiry  into  the  Powers  and  Operations  of  the  Mind  upon  the 
basis  of  what  is  known  of  the  Physiological  action  of  its  material 
instrument,  the  Nervous  System. 


Uniykbsitt  or  Lohdoh, 
September  1,  1864. 


EDlTOR^S  PIIEPACE. 


In  imdertakiiig,  m  the  autumn  of  1861,  tbe  preparation  of  the  Sixth 
Edition  of  Dr,  Carpenter's  "  Principles  of  Human  Phyaiology,"  t!ie 
Editor  wa&  scarcely  aware  of  tlie  long  and  kborions  nature  of  the  taak 
upon  which  be  has  emce  been  unceasingly  engaged.  He  soon  found 
that  in  the  few  jear%  which  had  elapaed  aince  the  appearance  of  the  last 
Edition  (in  1855)  a  very  large  mass  of  observation «,  indicative  of  the 
iucreaaing  attention  bestowed  upon  the  Science  of  Physiology  in  this 
country,  had  accumulated*  He  soon  found  also,  that  notwitbfitanding 
fche  numerous  and  valuable  essays  upon  various  branches  of  Physiology 
contributed  by  English  writers,  no  accurate  or  comprehensive  represen- 
tation of  the  present  state  of  the  science  could  be  given  without  frequent 
reference  to  the  results  obtained  by  German  inquirers,  the  acquisition 
of  whose  language^  as  far  as  was  requisite  for  practical  purposes,  he 
made  his  first  care.  There  can^  indeed,  be  little  question  that  Germany 
is  the  centre  from  which  the  extension  and  development  of  modem 
Physiology  chiefly  proceeds.  The  time  and  means  at  the  disposal  of 
ber  suvtift^  (many  of  whom  are  occupied  exclusively  in  the  pursuit  of 
this  science)  are  considerably  greater  tlian  those  possessed  by  Englisli 
experimenters,  who  are,  almost  without  exception^  also  engaged  in 
practice.  It  is  not  surprising  then  that  the  number  of  odginal  workers 
in  Germany  should  greatly  exceed  those  of  tliis  country j  nor  that 
they  should  be  able  to  support  a  much  larger  number  of  journals 
more  or  less  devoted  to  Physiology.  But  in  the  innumerable  experi- 
ments of  which  the  results  are  recorded  in  these  periodicals^  a  new 
"  distemper  of  learning  "  arises,  scarcely  less  opposed  to  the  discovery  of 
truth  than  those  ^^  cobwebs  of  learning  admirable  for  the  iirmness  of  the 
thread  and  work,  but  of  no  substance  or  profit,"  which  were  denounced 
by  Lord  Bacon  as  proceeding  from  die  working  of  the  Mind  upon  itselfj 
and  which   arose  at  a  period  when   cxpcrinieut   was  almost  wholly 
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Edition  most  unreservedly  in  his  hands.  The  First  and  Second  Chap 
however,  having  been  prepared  by  the  Author  before  the  necessit 
relinquishing  the  charge  of  the  work  had  been  forced  upon  him 
placed  these  in  Mr.  Power's  possession,  to  be  employed  or  put  asit 
his  discretion ;  but  with  this  exception  he  holds  himself  exempt  J 
responsibility  in  regard  either  to  the  scientific  character  or  the  lite 
execution  of  the  present  issue,  in  which  he  feels  it  right  to  add  tha 
has  no  pecuniary  interest  whatever. 

The  extent  of  the  additions  which  the  Editor  found  it  desirabl 
make  in  various  parts  of  the  volume,  joined  to  the  objection  of 
Publisher  to  any  material  increase  of  its  bulk,  caused  the  questio 
be  submitted  to  the  Author  in  what  manner  these  two  conditions  a 
best  be  reconciled ;  and  he  could  not  see  how  the  difficulty  was  U 
met  in  any  other  way,  than  by  the  omission  of  the  outline  of  Psychol 
which  had  been  given  in  the  last  two  Editions  under  the  title  '*  Fv 
tions  of  the  Cerebrum.'*  To  this  omission  he  has  been  the  less 
disposed,  since  on  the  one  hand  he  has  felt  it  doubtful  whether  sucli 
outline  has  a  proper  claim  to  a  place  in  a  treatise  on  Physiolo 
whilst,  on  the  other,  he  is  not  without  hope  that  he  may  find  him 
able  at  some  future  time  to  expand  this  outline  into  a  Manual,  wl: 
may  be 'of  value  to  that  increasing  class  of  Students  who  desire  to  pui 
their  inquiry  into  the  Powers  and  Operations  of  the  Mind  upon 
basis  of  what  is  known  of  the  Physiological  action  of  its  mate 
instrument,  the  Nervous  System. 


UlYIYKBSITT  or  LoHDOH, 

September  1,  1864. 


EDITOR^S  PKEPACE. 


Ik  imdertakkg,  ia  the  autumn  of  1801,  the  preparation  of  the  Sixth 
Edition  of  Dr.  Curpentrer'i  "  Princip!ea  of  Human  Pliystologj,"  tlio 
Editor  was  scarcely  aware  of  the  long  and  laborious  nature  of  tlie  task 
upon  which  he  hag  since  been  unceasingly  engaged ♦  He  soon  found 
that  in  the  few  year^  which  had  elapsed  since  the  appearance  of  the  last 
Edition  (in  1855)  a  very  large  maaa  of  observations,  indjcative  of  the 
increaaing  attention  bestowed  upon  the  Science  of  Phydology  in  thia 
^couDtiy,  had  accumulated.  He  aoon  found  also,  tliat  notwitlistantling 
ba  numerous  and  valuable  essays  upon  various  branches  of  Phyiiology 
contributed  by  English  writers,  no  accurate  or  comprehensive  represen- 
tation of  the  present  state  of  the  science  could  be  given  without  frequent 
reference  to  the  results  obtained  by  German  inquirers,  the  acquiaition 
of  whose  Jangtiaget  as  fiir  as  was  requisite  for  practical  purpoees,  he 
made  his  first  care.  There  can,  indeeil,  be  little  question  tliat  Germany 
13  the  centre  from  which  Uie  ejcteoision  and  development  of  modem 
Physiology  chiefly  prcceedsp  The  time  and  means  at  the  disposal  of 
her  savant  (many  of  whom  are  occupied  exclusively  in  the  pursuit  of 
this  science)  ar«  considerably  greater  than  those  possessed  by  Englisli 
e^xperimeaters,  who  are,  almost  without  exception,  also  engaged  in 
practice.  It  is  not  surprising  then  that  the  number  of  origiiial  workers 
in  Germany  should  greatly  exceed  those  of  this  country,  nor  that 
they  should  be  able  to  support  a  much  larger  number  of  journals 
more  or  less  devoted  to  Physiology.  But  in  the  innumerable  experi- 
ments of  which  the  resnJts  are  recorded  in  these  periodicals,  a  new 
•*  distemper  of  learning  "  arises,  scarcely  less  opposed  to  the  discovery  of 
truth  than  those  '*  cobwebs  of  learning  admirable  for  the  firmnefis  of  the 
thread  and  work^  but  of  no  substance  or  profit,"  which  were  denounced 
by  Lord  Bacon  as  proceeding  from  the  working  of  tho  Mind  upon  itself, 
and  which  arose  at  a  period  when   experiment   was   almost  wholly 
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u^lected :  for  from  the  oxtraordmory  variability  of  the  conditions  i 
Life,  aiid  from  tlie  gingiilarly  tli£Eereiit  ubility  of  observers  in  eliimnatij 
fiourcea  of  errgr^  and  in  truly  recording  their  observations,  conclnsiol 
of  an  almost  contradictory  dwiracter  are  irequetitly  obtained.  A  Irieq 
of  tlie  Editor,  in  discujBeingtliia  subject  with  him  at  the  otitaot,  remindS( 
1dm  iliat,  aa  the  present  work  was  of  a  purely  educational  clianicterj 
would  be  imwiae  to  render  it  in  any  way  controversial  by  giving  a  fu 
deecripUOQ  of  opixssite  or  widely  divergent  opiniona,  which  would  ouJ 
serve  to  perplex,  witliout  conveying  instruction  to,  the  student.  On  tl 
other  hand,  the  Editor  felt  it  might  fairly  be  urged  that  aa  in  tliQj 
instances  where  different  conclimona  had  been  drawn  from  experiraeal 
of  an  esse^Uially  similar  character,  it  was  probable  that  each  contain^ 
tlie  elements  of  Iruthj  the  beat  pbn  to  be  pursued  waa  to  exlubit,  \ 
succinctly  as  poasiblej  the  more  important  views  held  by  the  higha 
authorities,  and  tiius  enable  the  reader  to  select  that  which  seemed  to  I 
the  moat  tenable.  Wliere  practicable,  the  latter  of  the  two  courses  hi 
been  preferred.  In  some  insumctis,  however,  conaideradonfl  of  gpae 
have  rendered  it  impossible ;  and  he  would  here  refer  in  particiUar  I 
the  New  Theory  of  Muscular  Action  promulgated  by  Dr.  liadcliffi 
which  he  has  not  tliought  sufficiently  cstablislied  to  accept  unn 
eervedly,  though  he  fully  acknowledges  the  ability  with  which  it  | 
suatamed. 

hi  comp^ing  the  present  with  the  last  Edition^  it  will  be  found  thi 
whilst  the  general  plan  of  tlie  work  has  been  strictly  followed,  consida* 
able  additions  have  been  made  ia  almost  every  Chapter.  The  Sectioi 
on  the  Functions  of  tlie  Cerehrtm),  now  omitted,  occupied  140  pagei 
yet  the  new  material  wiiich  has  been  introduced  has  again  brought  13 
the  volume  to  within  a  few  images  of  its  original  size. 

In  Uie  Third  Chapter,  "On  Pood  and  t!ie  Digestive  ProoeBS 
considerable  additions  have  been  made  to  the  Section  treating  » 
the  Saliva;  and  tlie  results  of  the  experiments  of  Bernardj  AdriaS 
and  Eckhardj  on  tlie  hifluenee  of  the  Nervous  System  upon  di 
secretion,  have  been  introduced*  In  tliat  devoted  to  the  Gastri 
Juice,  the  experiments  of  BrUcke  on  t]ie  action  of  this  iluid  0 
Fibrin  and  Albumen  ikre  detailed,  togetlier  with  those  of  Mei^^er  6 
the  formation  of  Peptones  and  Parapeptones*  The  various  opinica 
that  are  now  held  in  regard  to  the  function  of  the  Pancreatic  Juice  m 
of  the  Bile  are  fiiUy  noticedj  and  a  short  account  of  the  Gases  of  1^ 
Inlestlaes  has  been  given,  according  to  the  recent  researches  of  Ruj 
imd  Pkner.  In  the  Chapter  on  Absorption,  the  structure  of  die  Epitlieik 
CellB  of  the  Villi  \im  been  somewhat  minutely  describe*!,  and  a  bri 
description  of  tlie  process  of  Osmosis  introduced*     The  description  J 
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the  Absorbent  Glands  has  been  cliiefly  drawn  from  iJie  elaborate  works 
of  Teicbmann  and  Frey, 

In  the  Chapter  on  the  Blood,  whilst  the  details  of  the  stractiire  of  the 
Corpascles  and  of  the  CrystAla  of  the  Blood  have  been  extended,  it  has 
beeQ  thought  expedient  to  reduce  the  space  in  the  previous  Editions 
devoted  to  the  conatderatiou  of  its  Chemical  characters,  both  in  health 
and  disease,  since  it  has  been  shown  by  Von  Gorup-Beaanez  that  bat 
little  reliance  can  be  placed  on  any  of 'the  modern  methods  of  analyais. 
A  separate  Section  has  been  written  upon  the  Pneumatology  of  the 
Blood. 

In  the  Section  upon  the  Circulation,  the  chief  results  obtained  by  Dr. 
Halford  on  the  sounds  of  the  Heart,  by  Dr.  Edward  Smith  ou  the  fre- 
|uency  of  its  action,  and  by  M.  Marey  upon  the  nature  of  the  Pulse  as 
indicate  by  the  Sphygmograph  (an  instrument  which  will  probably 
herealW  be  largely  employed  in  the  diagnosia  of  disease),  have  been 
Mly  given. 

The  Chapter  on  Respiration  has  been  increased  by  the  introduction 
of  the  observations  of  Hosenthal  (essentially  confirmatory  of  those  of  Dr. 
Reid)  on  tb#  nervous  influence  conv-eyed  by  the  Pneumogastric  Nerves 

^and  their  branches^  and  also  of  Uie  careful  and  prolonged  investigations 
'Dr,  Ed.  Smith,  upon  the  circumstaiioea  affecting  the  elimination  of 
Carbonic  mn*L 

I      An  entirely  new  Section  has  been  added  to  the  Chapter  on  Nutrition, 

Jtn titled  the  *'  Balance  of  the  Vital  Economy/*  in  which  it  has  been  at- 
tempted to  give  an  outline^  founded  on  the  observations  of  Bischoff  and 
Voit  and  of  Ranke,  of  the  effects  of  different  modes  of  alimentation  upon 
tiie  general  nutrition  of  the  body,  and  further  by  oomparing  the  Egesta 

I  frith  liie  Ingeata,  to  obtain  some  insight  into  the  conditions  affecting  the 
distribution  of  the  constituents  of  the  tbod  to  the  various  tissues,  and 
the  changes  which  they  nndexgo  in  their  paaaage  through  the  system. 
In  the  Chapter  on  Secretion,  a  Section  on  the  Glycogenic  function  of 

'  the  Liver  has  been  added,  containing  an  account  of  the  observation  a  of 
Bernard,  Pavy ,  Houget,  and  others ;  and  free  use  haa  been  made  of  Dr. 
Parkes^s  work  on  the  Urine,  to  render  the  Section  on  that  subject  more 
perfect. 

The  eontradietory,  or  at  lesist  at  present  irreconcileable,  results  above 
[liided  to  as  obtained  by  different  experimenters,  are  nowhere  more  con- 

Flpicuona  than  in  the  numerous  treatises  that  have  appeared  within  the 
last  few  years  upon  th^  Nervous  System.     The  investigations  of  Mr, 

r  I/Ockhart  Clarke  on   the  structure,  and  of  MM^  Brown -S^uard  and 
tkiff  on  the  functions  of  the  principal  divisions  of  the  Cranio-spinal 
Axis,  have  been  chiefly  followed ;  whilst  a  special  Section  has  been 
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appended,  containing  a  short  resume  of  the  researches  of  Pflilger  on  tl 
influence  of  Electrical  Currents  on  Motor  Nerves, — not  on  account  of  ai 
practical  importance  that  as  yet  belongs  to  them,  but  to  show  the  exte 
and  exactitude  to  which  observation  has  attained  in  this  difficult  branch 
inquiry ;  and  to  furnish  the  English  reader  with  a  sketch,  however  sligl 
of  a  subject  that  occupies  a  very  large  space  in  all  the  modern  foreij 
works  on  Physiology.  Various  additions  will  be  found  in  the  Sectio 
on  Special  Sense,  the  more  iftiportant  being  Helmholtz'  theory 
Sound,  and  the  recent  advances  that  have  been  made  in  the  knowled, 
of  the  phenomena  accompanying  the  Accommodation  of  the  Eye. 

The  Chapter  on  the  structure  and  functions  of  Muscular  Tissue  h 
been  considerably  extended.  Several  of  the  paragraphs  have,  howev< 
been  drawn  with  but  slight  alteration  from  the  Fourth  Edition  of  tl 
present  work. 

Lastly,  in  the  Chapter  on  Generation  and  Development,  the  instru 
tive  lectures  of  Mr.  Huxley,  lately  delivered  at  the  College  of  Surgeoi 
and  the  special  treatise  of  Kolliker  on  this  subject,  have  been  chiei 
employed  as  guides. 

The  number  of  Woodcuts  has  been  increased  from  156  to  206,  ai 
several  of  the  old  ones  have  been  replaced  by  new. 

The  Editor  is  desirous  of  taking  this  opportunity  of  thanking  M 
Lockhart  Clarke,  Mr.  Parker,  Mr.  Gulliver,  and  Dr.  Edward  Srail 
for  much  information  most  obligingly  commimicated.  To  Mr. 
Clarke  he  is  in  an  especial  manner  indebted  for  his  kindness  in  lend! 
the  Sections  of  the  Medulla  Oblongata,  from  which  the  Editor  drew  t 
sketches  introduced  into  the  text. 

Though  Dr.  Carpenter,  as  stated  in  his  foregoing  Preface,  has  had 
share  in  the  preparation  of  the  present  Edition,  with  the  exception 
the  first  two  Chapters,  the  Editor  would  be  ungrateful  were  he  not 
acknowledge  the  great  benefit  he  has  derived  in  various  ways  fr( 
Dr.  Carpenter's  literary  experience,  the  advantage  of  which  has  alw« 
been  freely  accorded  to  him.  In  conclusion,  the  Editor  will  feel  satisfi 
if  it  is  thought  by  those  competent  to  form  a  judgment  on  such 
subject,  that  in  passing  through  his  hands  the  work  has  not  fallen  fr< 
the  high  position  amongst  systematic  treatises  on  Physiology,  which 
has  hitherto  been  admitted  to  hold. 

8,  Gbosvbnob  Terrace,  Bbloravs  Road, 
September^  1864. 
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4.  Til  in  slice  of  the  ovjirmm  of  a  Sow  three  weeks  oldj  ah  owing  the  GmaSan 
veeidea  or  ovlaH<»  imbedded  in  a  flUro^cellul&r  stroma.  The  orieaca  are 
filled  with  cells,  in  the  midat  of  which  one  Urgt  one  ta&y  be  epeclaLly 
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granyle^  which  constitute  the  Bret  indication  of  the  joJk  (|  723). 
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and  Hftgftinst  the  zona  pellncida,  so  as  to  awnme  a  hexagonal  form.  The 
dark  portion  consists  of  a  maas  of  viteliine  spheres,  which  has  not  under* 
gone  this  conversion  {I  7$6K 

U.  Ovum  of  the  Rabbit,  seven  days  af^  impr^nation,  viewed  on  s  black  ground. 
The  onler  membrane  is  the  chorion,  on  which  are  leen  incipient  villosid^. 
Within  thii  is  the  hlmttotUrmk  vttide^  at  the  summit  of  which  is  the 
projection  fcrmed  by  the  ar*«  jermtwcrttVa/  and  from  this,  the  mucous 
layer  of  the  germinal  membrane  is  seen  to  ejctead  over  about  one- third  of 
the  surface  of  the  contained  yolk  (|  766). 

7.  Portion  of  the  germinal  membrane,  taken  from  the  urea  yfrminativa,  to  show 
the  two  Ujert  of  which  it  is  coEnposed ;  the  Merom^  or  animal  layer,  is 
turned  back,  so  as  to  show  the  mucout  or  vegetative  layer  m  iifu.  In  the 
latter  Is  seen  tho  primitive  trace  (§  766), 

d.  Portion  of  th«  Mfoiw  layer  of  the  germtnal  memhrane,  highly  magnified  ;  showing 
that  it  Is  made-up  of  nucl^ted  cellsj  united  by  interoelluhLr  aubstance, 
and  6lkd  with  uiiaute  molecuJee  (|  7^^}. 


XVm  EXPLANATION    OF    PLATES. 

Vie. 
9.   Portion  of  the  mue<mi  layer  of  the  germinal  membrane,  highly  magnifi 
showing  that  it  is  made-up  of  cells,  whose  borders  are  more  distinct  i 
more  closely  applied  to  each  other  than  those  of  the  serous  layer,  i 
whose  contents  are  more  transparent  (§  766). 

[The  six  preceding  figures  are  after  Bischoff  ("  Entwickelungpgeschichte 
Saugethiere,"  &c.  (1842),  — "des  Kaiiinchen-eies"  (1842),—" 
Hunde-eies"  (1845).] 

10.  Gravid  Uterus  of  a  Woman  who  had  committed  suicide  in  the  seventh  weel 
pregnancy,  laid  open : — a,  os  uteri  internum ;  6,  cavity  of  the  cerV 
c,  c,  c,  c,  the  four  flaps  of  the  body  of  the  uterus  turned  back ;  d,  d, 
inner  surface  of  uterine  decidua;  e,  e,  decidua  reflexa ;  /,/,  external  villi 
surface  of  the  chorion ;  ^,  internal  surface  of  the  chorion ;  h,  amnic 
t,  umbilical  vesicle;  le,  umbilical  cord;  I,  embryo;  m,  space  betw< 
chorion  and  amnion  (§§  741-746,  and  767-769).  [After  Wagner  ("  Icoi 
PhysiologicsB").] 
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11.  Uterine  Ovum  of  Babbit,   showing  the  Area  Pellucida,  with  the  primii! 

trace  (§§763,  767). 

12.  More  advanced  Ovum,  showing  the  incipient  formation  of  the  Vertebral  colnn 

and  the  dilatation  of  the  primitive  groove  at  its  anterior  extremity  (§§  7( 
788,  790,  791). 

18.  More  advanced  Embryo,  seen  on  its  ventral  side,  and  showing  the  first  develc 
ment  of  the  Circulating  apparatus.  Around  the  Vascular  Area  is  shoi 
the  terminal  sinus,  ct^  a,  cu  The  blood  returns  from  this  by  two  super 
branches,  b,  b,  and  two  inferior,  c,  c,  of  the  omphalo-mesenieric  veins, 
the  heart,  d;  which  is,  at  this  period,  a  tube  curved  on  itself,  and  pi 
senting  the  first  indication  of  a  division  into  cavities.  The  two  aorl 
trunks  appear,  in  the  abdominal  region,  as  the  inferior  vertebral  arterii 
f,  e;  from  which  are  given-off  the  omphalo-mesenteric  arteries,  /,  /,  whi' 
form  a  network  that  distributes  the  blood  over  the  vascular  area.  In  t 
'Cephalic  region  are  seen  the  anterior  cerebral  vesicles,  with  the  two  ocul 
vesicles,  g  (§§  769-^72). 

[The  three  preceding  figures  are  from  the  works  of  Bischoflf  previously  citet 
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Comparative  View  of  the  Skeleton  of  Man,  and  of  that  of  the  Orang  Outa; 


[After  Owen  ("Zoological  Transactions/'  vol.  i.).] 
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OF    UFB,    AND    ITS    CONDITIONSp 

1.  The  term  Life  has  been  used  by  diffenont  writers^  PhyeiolDpIcal 
and  OntologicaU  in  a  great  variety  of  significations ;  hut  these  are  for  tbo 
most  part  capable  of  reductiort  to  tbree  cate^riea,^ — Life  bebg  regarded 
either  (1)  as  the  aggregate  of  the  phenomena  exhibited  by  tmy  Orgujiizei! 
being  from  the  commencement  to  die  concluaioti  of  its  individual  existeiice, 
or  (2)  aa  the  fmdt  afaetivittj  pecuiiar  to  such  bciogs,  whereby  tliey  are 
diafangukhed  from  inanimate  bodies,  or  (3)  aa  the  special  ngenctf  mp- 
posed  to  be  inherent  in  every  oig^ism,  and  to  be  the  efficient  c^Ui^©  alike 
of  its  first  development  and  of  its  subfieqnent  maintemiQce.  The  finjt  is 
the  a^iae  in  which  the  term  is  underitood  by  Philosophers  of  the  '[joaJtive' 
Bchool^  who  refuse  to  concern  themselves  with  anything  ^ive  phenomena 
that  lu^  immediately  cognizable  by  the  senses:  whUe  the  last  is  the  mean- 
ing attached  to  it  by  such  as  think  that  a  great  deal  of  trouble  is  saved 
by  Ike  assumption  of  a  hypothetical  entity,  whose  agency  may  at  once 
aeeonnt  for  everything  not  to  be  otherwiae  eacplamed.  To  buth  these 
ddinitions  it  may  be  objected  that  they  tend  to  limit  inqtury  into  the 
o^eutial  nature  of  Vital  Action.  For  by  taking  the  former  as  our  start- 
ing-point, we  are  led  to  fix  our  attention  too  exclusively  on  the  material 
cantUtions  presented  in  the  structure  of  the  Organism,  and  to  ignore  the 
forties  by  which  its  activity  ia  maintained :  just  as  if,  in  studying  tlie 
operations  of  a  Cotton-fectory,  we  were  to  limit  our  attention  to  the  me- 
chanism  of  the  caroling,  spinning,  weaving  and  other  machines  by  whose 
instriunentahty  its  pnoducti  are  elaborated,  and  were  to  neglect,  as  a  con- 
dition not  directly  cognizable  by  our  senses,  the  Motive  Power  witliout 
which  Uiese  machines  would  all  be  inert.  On  the  otlier  hand,  by  resting 
in  the  assumption  of  a  **  Vital  Principle "  or  "  Oi^aiiic  Agent  **  aa 
affording  a  sufficient  account  of  all  that  is  mysterious  in  the  nature  of 
Life,  we  really  remove  it  from  the  domain  of  scientific  inquiry ;  juM  aa 
if  the  visitor  to  a  CSotton-fiictory  were  to  give  up  in  df^ipeir  any  attempt 
to  acquaint  himself  witli  the  meaning  of  the  several  proceaaea  tiiat  go  on 
before  his  eyes,  and  were  to  regard  it  as  a  sufficient  accoimt  of  the  trans- 
formation of  raw  cotton  into  woven  calicOj  that  it  takei  place  by  the 
agency  of  a  "calicj>making  principle/* 

2,  But  if,  on  the  other  Imnd,  the  Physiologist  takes  as  bis  stand-point  the 
eonceptjon  of  Life  as  a  ptadiar  fftode  of  actmttf,  he  at  once  finds  himi^elf 
on  a  pathway  of  inquiry  marked  out  for  him  by  the  antecedent  research t-H 
of  the  Physical  philosopher.  For  as,  in  the  study  of  that  great  cycle  of 
muttuUly -related  chai^ges  which  may  be  d«iignated  the  Life  of  the  Uni- 
veraie,  tiie  Physicist  has  been  led  in  the  first  instance  to  recognise  se^'eral 
distinct  modes  of  activity,  e.g.  Mechanicfii  and  Chemical,  Electrical  and 
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Thermal  J  and  then,  prosecuting  his  analysis  vinder  the  guidance  oi 
idea  of  Power  which  he  finds  in  hia  owti  sense  of  effort,  has 
broiight  to  refer  eveiy  effect  to  a  causative  Force  of  some 
acting  through  a  certain  Material  inBtrumentahty : — bo  the  Phjsio 
who  makes  thil  liying  Organism  his  study,  is  led  in  the  first  pla 
refer  its  peculiar  phenomena  to  a  set  of  oitagories  as  distinct  froE 
preceding  us  they  are  Irom  each  other ;  and  thence  to  distingnial 
tween  their  instr^umental  and  their  dynamical  conditions,  the  Oi 
Structure  and  the  Vital  Forces  which  animate  it.  But  ftirther,  e 
Pbyatcisti  in  proportion  to  the  elevation  of  hia  stand- point  and  the 
pr^enMTeness  of  the  survey  ho  can  thonce  take  of  the  phenomena  t 
Inorganic  UniYerset  ia  enabled  to  discern,  first  tJie  mutual  relation 
at  last  tJie  essential  unity,  of  all  those  B^orces  whose  manifestation 
peared  ao  diverse  when  separately  contraBted:  so  may  the  Physiolog 
proportion  to  the  insight  he  gains  into  the  peculiar  characteristics  of 
Activity^,  come  in  the  first  instance  to  recognise  the  mutual  relati 
the  agencies  which  underlie  its  diversified  phenomena,  next  to  pei 
llieir  fundamental  unity  as  so  many  expressions  of  one  and  tlie  same 
Force  acting  through  diiFereut  material  instnimentalitiea,  and  fina 
discern  the  essential  identity  of  this  Force  with  tliat  whicii  maintair 
ceaseless  c^de  of  activity  in  the  Universe  at  large.*  ■ 

3^  If,  now,  we  inquire  what  it  is  that  essentially  disttnguishol 
from  every  kind  of  Physical  activity,  we  find  this  distinction 
characteristically  expressed  in  the  fact  that  a  germ  endowed  witl 
developes  itsell*  into  an  Organism  of  a  type  reyiembling  tliiit  of  its  p 
tihat  this  organism  is  the  subject  of  incessant  dmngesj  which  all  te 
the  first  place  to  the  evolution  of  its  typical  form,  and  subsequently 
midntenance  in  that  form,  notwithstanding  the  antagonism  of  Chi 
and  Physical  agencies  which  are  continually  tending  to  produce  it 
int€^ation ;  but  tliat  as  its  term  of  existence  is  prolonged,  its  a 
vativc  power  declines  so  as  to  become  less  and  lesa  able  to  reflist 
diflantcgrating  forces^  to  which  it  finally  succumbs,  leaving  the  org 
to  be  resolved  by  their  agency  into  the  componenta  from  whi^ 
materials  were  originally  drawn.  The  history  of  a  living  organism, 
is  one  of  incessant  chmigt ;  f  and  the  conditions  of  this  diange  are 
found  partly  in  the  organism  itsall',  and  partly  in  the  external  infiuei 
which  it  is  subjected* 

4.  But  die  Liib  of  any  complex  organism,  such  as  that  of  Man, 

*  Bee  the  An  thorns  Memoir  *  On  the  Mutual  K^lntjoas  of  the  Yital  and  f 
PorceB,*  in  the  *'  Philosophical  Tnmaactlans  "  for  1850. 

f  If  change  be  esseatial  to  our  idea  of  Life,  it  may  be  asked  what  jm  the  eond 
m  Bedd»  wbich  maj  rem&iti  unidt^r^  during  &  period  of  m&nf  ceaturieB,  TSgetji 
llil,  «b«n  placed  In  favourable  clrcmmEtanceB,  ils  If  it  had  only  ripened  the  yeiLr 
We  can  flcarcely  call  it  aiir^,  for  it  h  not  [lerfonning  any  vital  opemtion.  But  i 
dmd;  for  it  has  undorgone  no  dbrntegration,  aad  retaltif^  ita  capa^^ity  far  living, 
moftt  oorreoL  dfseignatioii  of  such  a  state  (which  can  only  be  maintjiined  under  ^a 
i«cIiuion  from  dialntegrating  ageoeies)  aeenui  to  be  dorina-nt  ritalit^.  Certain  A 
may  be  redooed  t/^  tt ;  as  ^e  Prog  by  cold,  and  the  Wheel -animalcule  by  desit 
Orgaikisma  catmble  of  undergoing  Etuch  a  iiUEpenBion  of  activity  may  be  kept  in  a  d 
oetidition  n  long  na  didinte^n^ting  agencieB  are  excluded;  but  the  very  Gi»nditi 
Jbeat  In  tlie  one  et^  mobture  In  the  other,  and  both  combined  in  the  caee  of  tb 
whose  preseoee  is  foUowed  by  the  renewal  of  active  life  if  the  organ  lam  ka«  am 
no  iiijuriouB  changej  e^iure  its  speedy  doi^y  if  it  be  not  abl^  to  resume  Its  propi 
»ctm<iy. 
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aggregate  of  the  Vital  Acti%^ty  of  bH  its  component  parts ;  and  we  must 
ascertain  the  conditions  on  which  the  activity  of  each  of  theae  is  de- 
pendent, before  we  can  rightly  comprehend  their  united  action  in  the 
IiLte  of  the  whole.  No  fiict  haa  heen  more  clearly  a^scertained  by  modem 
PhysioJogical  research  than  this, — that  m  the  genu  deriTes  from  ite 
parent  certain  independent  endowTBents,  in  virtue  of  which  it  is  enabled 
to  devdope  itself  (under  appropriate  conditions)  into  an  organism  which 
may  be  composed  of  a  vast  number  of  dissimilar  parts,  so  each  of  those 
parts  derives  from  the  germ  in  which  it  had  its  origin  an  inde- 
pendent capacity  for  development  and  maintenance^  in  virtne  of  which 
it  goes  through  its  own  course  of  vital  activity,  and  by  the  ultimate 
cessation  of  which  its  own  term  of  existence  is  limited.  Of  this 
mutual  independence  we  have  illustratiODs  ia  the  persistence  of  the  *  mo~ 
Idculai'  life  *  of  individual  parta  long  after  *  somatic '  death  (or  death  of 
the  body  aa  a  whole)  lias  tiien  place ; — in  the  fact  that  not  only  may 
vital  activity  be  Bustained  in  a  part  completely  separated  from  the  body 
by  the  maintenance  of  the  circulation  of  blood  tlurough  it,  but  vital  en- 
dowments which  had  portiaUy  or  completely  ceased  to  manifest  them- 
Belvee  in  consequence  of  the  cessation  of  the  circuJation,  may  be  restored 
by  its  re-eatabliahiuent ; — and  in  the  occasional  reunion  of  members 
which  have  been  entirely  separated.  But  not witlistan ding  the  wonderful 
diversity  of  structure  and  of  eodowmenta  which  we  meet  with  in  the 
study  of  any  such  complex  organism^  we  encounter  a  harmonious  unity 
or  CO"  ordination  in  its  entire  aggregate  of  aodons,  which  ia  yet  more  won- 
derfiiL  It  is  in  this  harmony  or  co-ordination,  whose  tendency  is  to  the 
conservation  of  the  organism,  that  the  state  of  Health  or  Normal  Life  esaen- 
tially  consista.  And  the  more  proibund  is  our  investigation  of  its  condi- 
tions, rfie  more  definite  becomes  the  conclusion  to  which  we  are  led  by 
the  study  of  them, — that  it  is  ftindamentally  based  on  the  common 
origin  of  all  these  diversified  parte  in  the  same  germ,  the  vitsd  eudow- 
ments  of  which^  equally  difiused  tliroughout  tJie  whole  fiibric  in  those 
lowest  forma  of  organization  in  which  every  part  is  but  a  repetition  of 
every  other,  are  differentiated  in  the  highest  amongst  a  variety  of  organs 
Of  instnmiental  structures  more  or  less  dissimilar,  acquiring  in  virtue  of 
this  di fie rentiat ion  a  much  greater  intensity.  Thus  in  the  lowest  forms 
of  Vegetable  life,  the  primordial  germ  multiplies  it^lf  by  duplicative  sub- 
division into  an  apparently  unlimited  number  of  cells,  each  of  them 
similar  to  every  other^  and  cajmble  of  maintaining  ita  existence  indepen- 
dently of  them.  And  in  tiiat  lowest  (Rhizopod)  type  of  Animal  life,  the 
knowledge  of  which  is  among  the  most  remarkable  fruits  of  modern  bio- 
logical research,  "  the  Physiologist  has  a  case  in  which  those  vital  ope- 
rations which  he  is  elsewhere  accustomed  to  see  carried  on  by  an 
elaborate  apparatus,  are  performed  without  any  special  instruments  what- 
ever ;  a  little  particle  of  apparently  homogeneous  jeUy  changing  itself 
into  a  greater  variety  of  forms  than  the  fabled  Proteus,  laying  hold  of  its 
food  without  members,  swallowing  it  without  a  raouth,  digesting  it  with- 
out a  stomach,  appropriating  its  nutritious  material  witiiout  absorbent 
vessels  or  a  circulating  syatem,  moving  from  place  to  place  without 
muscles,  feeling  (if  it  has  any  power  to  do  so)  without  nerves,  propagating 
itself  without  genitiil  apparatus,  and  not  only  this,  but  in  many  instances 
forming  sheOy  coverings  of  a  ^mmetry  and  complexity  not  surpassed  by 

b2 


LIFE,   AKD  ITS  OOKBITIONS. 


tlioae  of  any  tettaoeoui  aninMils;"*  whilst  the  mere  sepRration  of  a 
ni^nt  of  this  jelJy  is  sufficient  to  originate  a  new  and  independe] 
ganiam,  so  that  any  number  of  theie  beings  may  be  produced  bjj 
euccesfiive  detaclmient  of  such  particles  from  e  siugle  Rhbopod,  eai 
them  retaining  (so  far  as  ivo  have  at  present  the  me-ans  of  knowing 
charaetenBtic  endowments  of  the  stock  from  which  it  was  an  offset.  Tif 
on  tiie  otlier  hand,  we  watch  ihe  evolution  of  any  of  the  higher  typ 
Organization,  whether  Vegetable  or  Animal,  we  observe  tliat  althouj 
the  first  instance  the  primordial  cell  multiphes  itaelf  hy  duplicative  j 
division  into  an  agj^p^egation  of  ceUs  which  are  apparently  but  ref)et| 
of  itself  and  of  eiich  other,  this  homogeneous  extension  has  in  eacH 
a  defiaite  limit,  speedily  giving  place  to  a  strttetural  dijferentiation  M 
becomes  more  and  more  decided  with  tlie  progress  of  de%^elopment;  i 
in  that  moat  heterogeneous  of  all  tyjies — the  Human  Organ ism^ — n4 
parts  are  precisely  identical,  except  those  which  corre3|K>nd  to  each  ( 
on  the  opposite  aides  of  the  body.     With  this  structural  dilFerentiali^ 
associated  a  corresponding  differentiation  of  Miction  ;  for  whilst  ii 
Life  of  the  most  highly-developed  and  complex  organism  we  witnei 
act  which  IB  not  fbresliadowed,  however  vaguely,  in  tJiat  of  the  lowefll 
Biinplest,  yet  w^e  observe  in  it  that  same  **  division  of  la  boin*^'  which  cG 
tutea  the  essential  characteristic  of  tlie  highest  grade  of  Civilization, 
in  what  may  be  termefl  the  elementary  form  of  Humaii  Society,  in  t 
every  individual  relies  upon  himself  done  for  the  supply  of  aU  his  n 
no  greater  result  can  be  attained  by  the  aggregate  action  of  the  I 
comnmnity  than  its  mere  maintenance ;  but  as  each  indi vidua!  selei 
special  mode  of  activity  for  himself,  and   aims  at  improvement  in 
speciaKty,  he  finds  himself  attaining  a  higher  and  yet  higher  degn 
aptitude  for  it ;  and  this  speciah^atioii  tends  to  increase  as  opportmf 
anae  for  new  modes  of  activity,  until  that  complex  &bric  is  evolved  w 
constitutes  the  most  developed  form  of  the  Social  State,  wherein  ever} 
dividual  finds  the  work — mental  or  bodily — ^fbr  which  he  is  best  iii 
and  in  which  he  may  reach  the  highest  iittainable  perlection  ;  w^hilffi 
mutual  dependence  of  the  whole  (which  is  the  necessary  result  oflj 
specialization  of  parts)  is  such  that  every  indindual  vrorks  for  the  bei 
of  all  his  fellows,  as  w^eK  as  for  hJs  own.     As  it  is  only  in  such  a  stat 
Society  that  ^a  greatest  trimnpha  of  Himian  ability  become  possible 
it  is  only  in  the  most  differentiated  ty}>es  of  Organization  that  Vital 
tivity  can  present  its  highest  manifestatiotis*     In  the  one  case  as  in 
other  does  the  result  depend  upon  a  process  of  gradual  detelopmem 
which,  under  the  influence  of  agencies  whose  nature  constitutes  a  pn 
object  of  acientific  inquiry,  that  moMt  ffenenil  form  in  winch  the  fal 
whetlier  Corporeal  or  Social — originates,  evolves  itself  into   that 
^cial  in  which  its  development  culminates.     And  hence  we  ars-l 
tinctly  justified  in  the  conclusion,  that  the  special  endowments 
several  components  of  the  organism,  however  diasimiJar  to  each  other, 
nothing  else  than  differentiated  and  proportionately  intensi^ed  expreBsi 
of  those  which  are  common  to  every  part  of  the  originally  homogejic 
fiibric  ;— a  conclusion  which  derives  a  remarkable  confirmation  from 


*  See  ihe  Author^^  '^  latrod  action  to  th«  8tadj  of  the  Poramiaifeia, 
the  Rtty  Sooiety,  1&62,  Preface,  p.  nl 
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indicatioTx  affoi^e*]  bj  the  pheeomena  of  *  Metastaaia  of  Secretion  *  (chap. 
IX. ),  that  the  general  etructiire,  even  in  the  moat  bighlj-specialked  or- 
ganianif  retaiiiB  somewhat  of  its  primitive  community  of  fiinction. 

5,  ThuSj  then,  we  may  take  that  mode  of  Vital  Activity  which  manifesta 
itself  ia  the  evolution  of  the  germ  into  the  complete  organism  reputing 
the  type  of  ita  ptirent,  and  the  subsequent  maintenance  of  that 
organism  in  its  integrity ,^ — in  both  cases  at  the  expense  of  materials 
derived  from  external  sources^ — as  the  most  universal  and  most 
fimdamental  characteristic  of  Life ;  and  we  have  now  to  consider  the 
nature  and  source  of  the  Force  or  Power  by  wliich  tliat  evolution  is 
brought  about.  The  prevalent  opinion  hsus  until  lately  been,  that  this 
power  is  inherent  in  the  germ ;  which  has  been  supposed  to  derive  from 
its  parent  not  merely  ita  material  subatancej  bat  a  nisus  /orrnattvtts, 
hildungttri^h^  or  ^enn-Jhrce^  in  virtue  of  which  it  builds  itself  up  into  the 
likeness  of  ita  parent,  and  main  tains  itaelf  in  that  likeness  until  the  force 
is  exhausted,  at  the  same  time  impirting  a  fraction  of  it  to  each  of  its 
progeny.  In  this  mode  of  viewing  the  subject,  all  the  oi^mbing  force 
required  to  build  up  an  Oak  or  a  Palm,  an  Elephant  or  a  Whide,  must 
be  conoentrated  in  a  minute  particle,  only  discernible  by  microscopic  aid; 
and  ^6  a^^regate  of  all  the  germ-fbrcea  appertaining  to  the  descendants, 
however  numerous,  of  a  common  parentage,  nuiat  have  existed  in  their 
original  progenitors.  Thus,  in  the  case  of  the  successive  viviparous 
brooda  of  Apkidm,  a  genn-foroe  capable  of  organizing  a  maas  of  living 
BtnictttFej  which  would  amount  {it  has  been  calculated)*  in  the  tenth 
brood  to  the  bulk  of  500  millions  of  stout  men,  must  have  been  shut 
up  in  the  amgle  individual,  weighing  perhaps  the  1- 1000th  of  a  grain, 
from  which  the  first  brood  was  evolved.  And  in  like  manner,  the  germ- 
force  which  has  organised  the  bodies  of  all  the  individual  men  that  have 
lived  from  Adam  to  die  present  day,  ranst  have  been  concentrated  in  the 
body  of  their  common  ancestor.  A  more  complete  n(iu*:th  ad  abmrdum 
can  scarcely  be  brought  against  any  hypothesis  ^  and  we  may  consider  it 
proved  that,  in  some  way  or  other,  fr^  organizing  firce  is  constantly 
being  supplied  frmti  withmtt  during  the  whole  period  of  the  exercise  of  its 
activity.  When  we  careftilly  look  into  the  question,  we  iind  that  what 
the  ger-m  really  supplies  is  not  the  force,  but  the  directive  agency;  thus 
rather  resembling  the  control  exercised  by  the  superintendent  builder 
who  is  charged  with  the  working-out  the  design  of  the  architect,  than  the 
bodily  force  of  the  workmen  who  labour  under  his  guidance  in  the  con- 
struction of  the  ^bric.  The  actual  constructive  force,  as  we  learn  from 
an  extensive  survey  of  the  phenomena  of  life,  is  supplied  by  Heat ;  the 
influence  of  which  upon  the  rate  of  growth  and  development,  both 
animal  and  vq^etable,  ia  so  marked  as  to  have  universally  attracted  the 
attention  of  Physiologista ;  who,  however,  have  for  the  most  part  only 
recognise<l  in  it  a  vital  $timulus  that  calls  forth  the  latent  power  of  the 
germ,  instead  of  looking  upon  it  as  itself  furnishing  the  power  that  does 
the  work-  It  has  been  from  tlie  narrow  limitation  of  the  area  over  wliich 
physiological  research  has  been  commonly  prosecuted,  tliat  the  intimacy 
of  this  relationship  between  Heat  and  the  Organizing  force  has  not  sooner 
become    apparent,      Wlnlst    the    vital   phenomena    of   Warm-blooded 

•  See  Prof,  Hmlej  on  the  ^Agamic  Beprod action  of  Aphb,*  Id   "Liun,  TranB.j" 
T«>1.  %jd\,,  p,  215. 
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Ammi^,  which  poesesB  witlim  diemaelv^  the  meaDB  of  maiBtaiiil 

co&sbant  temperaturOj  were  made  the  Bolej  or  nt  any  rate  tho  chidt  olj 
of  study,  it  was  not  likely  that  the  inquirer  would  recogniae  thli 
influence  of  external  heat  in  accelerating,  or  of  cold  in  retarding,, 
functional  aijtivity.  It  ia  only  when  the  survey  is  extended  to  i 
blooded  Animals,  and  to  Plants,  thut  the  immediate  and  direct  red 
between  Heat  and  Vital  Activity,  as  manifested  in  the  rate  of  g| 
and  development  J  or  of  other  changes  pecuhar  to  the  living  body^  i 
miatakeably  maniieated.  To  eome  of  those  phenomena  which  afio^ 
beat  illustrations  of  the  mode  in  which  Heat  acta  upon  the  living  orgi 
attention  will  now  be  directed,  I 

6.  The  agency  of  Heat  as  the  'efficient  cause'  or  'motive  power*  to  ii 
the  phenomena  of  growth  sad  development  are  to  be  referred,  ia 
Uarly  well  seen  in  the  prooeffi  of  Germination.  The  seed  coi 
embryo  which  has  already  advanced  to  a  certain  stage  of  develi 
and  of  a  store  of  nutriment  laid  up  as  the  material  for  ita  further 
tion ;  and  in  the  fact  that  this  evolution  is  carried  on  at  the  e: 
orgttnic  compounde  alreadj  prepared  by  extrinsic  agency j  until  (the« 
of  these  being  exhausted)  the  young  plant  is  sufficiently  far  advano 
its  development  to  be  able  to  elaborate  them  for  itseli,  the  condltic 
the  germinating  embryo  resembles  that  of  an  Animal.  Now  the  see 
already  pointed  out,  may  remain  (under  favourable  circumstances) 
state  of  absolute  inaction  during  an  unlimited  period*  K  secluded! 
the  free  access  of  air  find  moisture,  and  kept  at  a  low  temperature^' 
removed  from  all  influences  that  would  on  the  one  hand  occasion  its 
integration,  or  on  the  other  would  call  it  into  active  life.  But  ^ 
again  exposed  to  air  and  moisture,  and  subjected  to  a  higher  tempera 
it  either  germinates  or  decays,  according  as  the  embryo  it  contains  hi 
has  not  preserved  its  vital  endowmerte,^-^  question  which  only  exj 
ment  can  resolve*  The  procesa  of  ge^'mination  is  by  no  means  a  M 
one.  The  nutriment  etorod  up  in  the  seed  is  in  groat  part  in  iJiJ 
dittcn  of  insoluble  starch ;  and  this  must  be  brought  into  a  solublel 
before  it  can  be  appropriated  by  the  embryo*  The  metamorphoj 
eflTected  by  the  agency  of  a  ferment  termed  diastase  j  which  is  laid  t 
the  immediate  neighbourhood  of  the  embryo,  and  which,  when  bro 
to  act  on  starch,  converts  it  in  the  first  instance  into  soluble  dext 
and  then  (if  ite  action  be  continued)  into  sugar.  The  dextrine  and  m 
combined  with  the  albuminous  and  oily  compounds  also  stored- up  ii 
seed,  form  the  '  protoplasm^  which  is  the  substance  immediately 
plied  to  the  young  plant  as  the  material  of  its  tissues;  and  the  convei 
of  this  protoplasm  into  various  forms  of  organized  tissue,  which  bee 
more  and  more  diflerentiated  as  development  advances,  is  obviously  n 
able  to  the  vital  activity  of  tlie  germ.  Now  it  can  he  very  easily  sh 
exjierimentally  that  the  rate  of  growth  m  the  germinating  embryo 
closely  related  (within  certain  limits)  to  tJie  amoxmt  of  Heat  supplier 
to  place  its  dependence  on  that  agency  beyond  reasonable  question 
that  we  seem  fully  entitled  to  say  tliat  Heat,  acting  tlurough  the  g 
becomes  the  constructive  force  or  power  by  which  the  Vegetable  fabi 
built  up.*     But  there  appears  to  be  another  soxu'ce  of  that  power  ii 

*  The  eflfect  of  Heat,  in  doubtiess  mnntfeiled  very  diffcrtititly  bj  diQerent  seedit  ■ 
Toiiatioat  bciug  partlj  «/>eq^j  p&rtly  individual.     Bat  tLese  ore  no  gr«jit«r  Uit 
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Beed  itself.  In  the  convermon  of  the  insoluble  starch  of  the  oeed  into 
Biigar,  and  probably  also  in  a  further  metamorphoaia  of  a  part  of  that 
sugar,  a  ki^e  quantity  of  carbon  h  eliminated  from  the  s&ed  by  com- 
bining with  the  oxygen  of  the  air  80  as  to  form  carbonic  acid;  thiJs  com- 
bination la  necessarily  attended  with  a  diiengagement  of  heat,  which 
becomes  very  fusible  whea  (as  in  malting)  a  large  mmiber  of  germinat- 
ing ieeds  are  aggregated  together;  &nd  it  canuot  but  be  regitrded  as 
probable  that  the  heat  thus  evolved  within  the  seed  concure  with  that 
derived  from  without^  in  supplying  to  the  germ  ihe  force  that  promotes 
its  evolution, 

7.  The  condition  of  the  Plant  which  has  attained  a  more  advanced  stage  of 
its  development,  differs  from  that  of  the  germinating  embryo  essentially  in 
tlib  particular,  tliat  the  organic  compounds  which  it  requires  aa  the  ma- 
terials of  the  extensioii  of  l£e  febric  are  formed  by  itself,  instead  of  being 
supplied  to  it  from  without  The  tissues  of  the  gceea  sur&ces  of  the 
leaves  and  atems^  when  acted  od  by  lightj  have  the  peculiar  power  of 
generating^  at  the  expense  of  carbonic  acid,  water,  and  ammonia,  various 
ternary  and  quatemarj  organic  compounds,  such  as  chlorophyll,  starch ^ 
oil,  and  albumen ;  and  of  the  compounds  thus  generated,  a  part  are  ap- 
propriated by  the  constructive  force  of  the  Plimt  (derived  from  the  heat 
with  which  it  is  supplied)  to  the  formation  of  new  tissues ;  whilst  a  part 
are  atored  up  in  the  cavities  of  those  tissues,  w*here  they  ultimately 
mrre  either  for  the  evolution  of  parts  subsequently  developed,  or  for  the 
nutrition  of  animals  which  employ  them  as  Ibod,  Of  the  source  of  those 
peculiar  affinities  by  which  the  components  of  the  Starch,  Albumen,  &c, 
are  brought  together^  we  have  no  right  to  speak  confidently  j  but  looking 
to  the  &ct  that  these  compounds  are  not  produced  in  any  case  by  the 
direct  union  of  their  elements,  and  that  a  decomposition  of  binary  com- 
pomids  seema  to  be  a  neoe^ai^  antecedent  of  their  formation,  it  is 
B«ircely  improbable  that,  as  suggested  by  Prof  Le  Conte,*  that  source  is 
to  be  found  in  the  chemical  forces  set  free  in  the  preliminary  act  of  de- 
composition, in  which  the  elements  would  be  liberated  in  that  '  naacent 
oonclition'  which  is  weU  known  to  be  one  of  peculiar  energy.  The 
iniiuence  of  Light,  then,  upon  the  Y^etable  organism  appears  to 
be  essentially  exerted  in  bringing  about  what  may  be  considered  a  higher 
mode  of  chemical  combination  between  03ijgen,  hydrogen,  and  carbon, 
with  the  addition  of  nitrogen  in  certain  caa&a ;  and  there  is  no  evidence  that 
it  extends  beyond  this.  That  the  appropriation  of  the  materials  thus 
prepared,  and  tlieir  conversion  into  organized  tissue  in  the  operations  of 
growth  and  developtnant,  are  dependent  on  the  agency  of  Heat,  is  just  as 
evident  in  the  stage  of  maturity  aa  in  tliat  of  germiaation.  And  there  is 
reason  to  believe,  further,  that  an  additional  eotirce  of  organizing  force  is 
to  be  found  in  the  retrograde  metamorphosis  of  organic  compounds  that 
gom  on  during  the  whole  life  of  the  plant ;  of  which  metamorphosis 

ee«  in  the  Inorganic  world ;  the  ujCfement  of  t6tnperttin?e  and  the  ftogmentation  of  bulk 
exhlbi|«d  bj  diferent  sahfltanoes  wliea  ^abjocted  to  the  eame  JvbfiolQtQ  meaaore  of  heat, 
bebf  M  divflne  u  the  lalMtiiii^eB  themselves.  The  whole  proeese  af  *  maltingi '  tt  tamj 
he  remarlcttd,  Is  baaed  on  tii«  sT«ra^  regnlaritj  with  which  the  s^s  of  a  pftrtictdar 
■peciea  ma;  be  at  anj  time  feroed  to  *  d^fbiite  rate  of  germhiatit?ti  by  a  definite  in- 
eremetit  of  lemperatitre, 

•  See  his  veiy  mggestive  Memoir  *  Oil  the  Coirektion  of  Physic*!,  Ghfljnioal,  Mid 
Vital  Foic^'  in  the  ^'FLilofiuphioal  Mugaiine*'  for  1B60,  vol  xii.,  ijer.  iv.,  p.  137. 
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the  espTO^ion  h  fumiahed  by  tlie  pfrodwction  of  carbonic  acid. 
la  peculiarly  remarkable  in  die   case  of  the    I*^iifhgij  which,   bein 
capable   of   forming'  new   compounds  under    the    influence  of 
are  entirely  supported  by  tlie  organic  mattora  they  absorb,  and  ii: 
respect  correspond  on  the  one  hand  witli  the  genrdnating  embryo,  ai 
tho  otlier  with  Animals.     Such  a  decomposition  of  a   portion  oi 
absorbed  material  is  the  only  conceivable  source  of  the  large  quant; 
carbonic  acid  they  are  constantly  giving  out ;    and  it  would  not 
unlikely  that  the  force  supplied  by  thifl  retrograde  metamorphosia  < 
fiuperiluoua  components  of  their  food,  which  lall  down  (bo  to  speak) 
the  elevated  plane  of  *  proximate  ]vriuciplea*  to  the  lower  level  of  co: 
ratively  simple  binary  compoundfl,  constituteB  the  power  by  which  ani 
portion  is  raised  to  the  rank  of  living  tissue ;  thuB  accounting  in 
degree  for  the  very  rapid  gro\rth  for  which  tills  tribe  of  Plants  ta  so  ren: 
able.  Thia  exhalation  of  carbonic  acid,  however,  is  not  peculiar  to  Fung 
germinating  enibryos ;  for  it  takes  place  during  the  whole  Uie  of  Flow( 
Plants,  both  by  day  and  by  night,  in  simsliiae  and  in  shade^  and 
their  green  aa  well  as  from  their  dark  siirfaces.     And  it  is  not  imi^^ol 
that,  as  in  the  case  of  the  Fungi,  its  source  lies  partly  in  the  organic  ma 
absorbed ;  recent  investigations*  haviiig  rendered  it  probable  tliat  P 
really  take  up  and  assimilate  soluble  humus^  which,  being  a  more  hi 
carbonized  substance  tlmn  starch,  dextrine,  or  cellulose,  can  otdy  be 
verted  into  compounds  of  the  latter  kind  by  parting  with  some  c 
carbon ;  but  it  may  also  tnJce  place  at  the  expense  of  compounds 
viously  generated  by  the  plant  itself,  and  stored  up  m  its  tis^e 
which  we  seem  to  have  an  example  in  the  unusual  production  of  carb 
acid  which  takes  place  at  the  period  of  flowering,  especially  in  mich  pi 
as  have  a  fleshy  disk  or  receptacle  containing  a  large  quantity  of  s^ 
and  thus,  it  may  be  surmiBed,  an  extra  supply  of  force  is  provided  foq 
matiu'ation  of  those  generative  proiluctSi  whose  preparatjou  seema  U 
the  liighest  expression  of  tlie  vital  power  of  the  Vegetable  oi^anism. 
8*  The  entire  aggregate  of  organic  compounds  contained  in  the  Vege* 
tisaues,  then»  may  be  considered  aa  the  expression  not  merely  of  a  cei 
amount  of  the  material  elements  oxygen,  hydrogen,  carbon,  and  nitn 
derived  (directly  or  indirectly)  from  the  water,  carbonic  acid,  and 
monia  of  the  atmosphere,  but  also  of  a  certain  amount  of  force  which 
been  exerted,  in  raising  these  from  the  lower  plane  of  simple  binary  Q 
pounds  to  the  higher  level  of  complex  *  proximate  principles;*  whilsli 
portion  of  tliese  actually  converted  into  organized  tissue  may  be  i 
sidered  as  the  expresdon  of  a  further  measure  of  force,  which,  acting  u| 
tihe  directive  agency  of  the  germ,  has  served  to  bidld  up  the  febric  i| 
charact42ristic  tyjfe.     Thiw  couslructive  action  goes  on  during  the  w3 
Life  of  the  Plant,  wliich  essentially  manifests  itsell^  either  ia  the  exteai 
of  the  original  fabric  (to  which  in  many  instances  there  seems  no  i 
terminate  Uinit),  or  in  the  production  of  the  germs  of  new  and   in 
pendent  organisms. — It  is  interesting  to  remark  that  the  developmenji 
the  more  permanent  parts  involves  tlie  successional  decay  and  ren4 
of  pttris  whoso  existence  is  temi^orary.   The  *  laU  of  the  leaf*  is  the  efl 

*  Boe  Ui«  Memoir  of  M.  Kisler,  *  On  th«  Abeorptioa  of  HumuBj '  ia  the 
thdqtie  Uuivendle,"  N.S.,  1358,  torn,  i,  p^  305. 
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not  tbe  cana^j  of  the  eessation  of  that  peculim-  ftinctional  activiiy  of  its 
tissues,  whidi  canasta  in  the  elaboration  of  the  nutritive  nuiterial  required 
for  fche  prcnhiction  at'  wood.  And  it  would  seem  b.s  il'  the  dttratiun  of 
their  existence  stands  in  an  inverse  ratio  to  the  energy  of  their  action  \ 
the  leaves  of  **  evergreens,'^  which  are  not  cast  off  imtU  the  appearance  of 
a  new  succession,  effecting  their  ^mctiona!  changes  at  a  much  less  rapid 
rate  than  do  those  of  **  deciduous  "  trees,  whose  term  of  life  is  far  more 
brief — Thus  the  final  m\^m  or  purpose  of  the  whole  Vital  Activity  of  tlie 
Plant,  so  far  as  the  individual  is  concerned,  is  to  produce  an  indefinite 
e^rtension  of  the  dense,  woody,  almost  inert,  but  permanent  portions  of  the 
febric,  by  the  auccesaional  development,  decay,  and  renewal  of  the  soft, 
active,  and  traeflitory  cellular  parenchyma ;  and^  according  to  the  priri- 
ciplea  already  stated,  the  descent  of  a  portion  of  the  materiala  of  tlie 
ktter  to  the  condition  of  binary  compoimds,  which  is  manifested  m  the 
largely  increased  ^diaktion  of  carbonic  acid  that  takes  place  from  the 
leaves  in  the  later  part  of  the  season^  comes  to  the  aid  of  external  Heat 
in  supplying  the  force  by  which  ^lOther  portion  of  those  materials  is 
ratfied  to  the  condition  of  organised  tissue. — The  vital  activity  of  the 
Plants  however,  is  fiirtbcr  nmnifested  in  t!ie  provision  mafle  for  the  pro- 
pagation of  its  race  by  the  productaon  of  the  germs  of  new  individuals ; 
and  here,  again,  we  observe  that  whilst  a  higher  temperature  is  usually  re- 
quired for  the  development  of  the  flower  and  the  maturation  of  the  seed  than 
that  which  sulEees  to  sustain  the  ordinary  processes  of  v^etation,  a  special 
provision  appears  to  be  made  in  some  instances  for  die  evolution  of  force 
in  the  sexiiai  apparatus  itself,  by  the  retrograde  raetamorphosiflof  a  portion 
of  the  organic  compounds  prepared  by  the  previous  nutritive  operations,* 
This  seems  the  nearest  approach  presented  in  the  Vegetable  organiani,  to 
what  we  shall  find  to  be  an  ordinary  mode  of  activity  in  the  Animal* 
Tliat  the  performance  of  the  generative  act  involves  an  extraordinary  ex* 
penditure  of  vital  force,  appears  from  this  remarkable  fact,  that  bloaaoms 
which  wither  and  die  as  soon  as  the  ovules  have  been  fertilised,  may  be 
kept  fresh  for  a  long  period  if  fertilisation  be  prevented, 

9.  We  are  now  prepared  to  inquire  into  the  manifestationsof  Vital  Acti- 
vity in  the  Animal,  and  into  the  sources  of  the  power  by  which  the  varioua 
forms  of  that  activity  are  sustained.  The  first  of  these  manifestations  is, 
as  in  the  plant,  the  building-up  of  the  organism  by  the  appropriation  of 
material  supplied  from  extemai  source  under  the  directive  agency  of  tJie 
genn.  The  ovum  of  the  Animat,  like  the  seed  of  the  Plant,  coutaius  a 
store  of  appropriate  nutriment  previously  elaborated  by  the  parent;  and 
tliia  store  aufiices  for  the  developmeut  of  the  cmbrj^o,  up  to  the  period  at 
which  it  can  obtain  and  digest  alimentary  materials  for  itself  That 
period  occurs  in  the  different  tribes  of  animals  at  very  dissimilar  stages  of 
liie  entire  developmental  process.  In  many  of  the  lower  classes,  the 
embryo  comes  forth  from  the  ^gg,  imd  commences  its  independent 
existence,  in  a  condition  which,  as  compared  with  the  adult  form,  would 
be  as  if  a  Hitman  embryo  were  to  be  thrown  upon  the  world  to  obtain 
its  own  subsistence  only  a  few  weeks  atle»  conception ;  and  its  whole 
subsef|uent  gro^vth  and  development  take  place  at  the  expense  of  the 
nutriment  wliich  it  ingesta  for  iteelf     We  have  examples  of  this  in  the 
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class  of  luflecta,  many  of  whicli  corao  forth  from  the  egg  in  die  at 
extremely  simple  anil  minute  wornis,  having  scarcely  any  power  of  i 
ment,  but  an  extraordinary  voracity.  The  ^gs  having  been  dep 
in  aituationa  fitted  to  afford  an  ample  supply  of  appropriate  nutri 
(these  ol'  the  fleidi-Hyj  for  e^cample,  being  kid  in  carcases,  and  thi 
the  cabbage-butterily  upon  cabbage-leaves),  each  larva  on  its  em( 
is  as  weU  provided  with  alimentary  material  aa  if  it  had  been  fiim 
with  a  large  sa|>plemental  yolk  of  its  own ;  and  by  availing  itself  of  tl 
speedily  grows  to  many  hundred  or  even  many  thousand  tim* 
original  Hi^e,  without  making  any  eon^derable  advance  in  develop 
But  having  thus  laid  up  in  ita  ti^ea  a  large  additional  store  of  nml 
it  paaaea  into  a  state  which^  so  iar  as  the  external  manifestations  t 
are  concerned,  is  one  of  torpor,  but  which  is  really  one  of  great  de^ 
nieotal  activity  ;  for  it  ia  during  the  pupa  state  that  those  new  pari 
evolved,  wliidi  are  characteristic  of  die  perfect  Insect^  and  of  i 
scarcely  a  trace  was  discoverable  in  the  larva ;  go  that  the  aasuitipti 
this  state  may  be  likened  in  many  respects  to  a  re-entrance  of  the 
into  the  ovimi.  On  its  tennination,  the  Imago  or  perfect  Insect  < 
forth  complete  in  aU  its  parts,  and  soon  manifests  the  locomotiv 
eeiisorial  powers  by  which  it  ia  specially  distinguished,  and  of  whic! 
extraordinary  predonunauco  seems  to  justify  our  regarding  Insec 
the  types  of  purely  Animal  life.  There  are  some  Insects  whose  Ima^ 
his  but  a  very  short  duration,  the  performance  of  the  generative  act 
apparently  the  only  object  of  this  stage  of  their  existence  i  and  su< 
the  most  part  take  no  food  whatever  after  their  final  emersion,  tJieii 
activity  being  maintained^  for  the  sliort  period  it  endures,  by  the  ma 
aasimik ted  during  their  larva  state.*  But  those  w^hose  period  of  ac 
is  prolonged^  and  upon  whose  energy  there  are  extraordinary  derx 
are  scarcely  lees  voracious  in  their  imago  than  in  their  larva- condi 
tlie  food  they  consume  not  being  apphed  to  the  increfise  of  their  b 
which  grow  very  Httle  v^t  the  assumption  of  the  imago-state,  but  chi< 
their  maiatenance^ — no  inconsiderable  portion  of  it,  however,  being  a 
priated  in  the  female  to  the  production  of  ova,  the  entire  mass  of  i 
deposited  by  a  single  individual  is  sometimes  enormous.  That  the 
formanco  of  the  generative  act  involves  not  merely  a  consumpti 
material,  but  a  special  exjjenditure  of  force,  appears  from  a  fact  to  hi 
sently  stated,  oorresponding  to  that  akeady  noticed  (§  8)  in  rega 
Plants. 

10,  Now  if  wo  look  for  tho  source  of  the  various  kinds  of  force, — ^ 
may  be  distinguished  aa  constructive,  senaori-motor,  and  generative,- 
are  manifested  in  the  different  stag^  of  the  hfe  of  an  Insect^  we  &id 
to  lie,  on  the  one  hand,  in  the  Heat  with  which  the  orgamsm  is  su} 
from  external  soiurces,  and,  on  the  other,  in  the  Food  provided  for  it. 
agency  of  heat,  as  the  moving  power  of  the  constructive  operatic 
even  more  distinctly  shown  m  the  development  of  the  larva  withi 
e^,  and  in  the  development  of  tlio  imago  within  its  pupa-case,  tl 
is  in  the  germinating  seed;  the  rate  of  each  of  these  processes 

*  It  la  not  n  titde  ^anotiji  thai  in  the  tnbfi  of  Rotifer  Of  at  Wb^el-aDimalcal 
the  maleji  jet  liiscovefcd  are  entirely  oMiMndinic ;  not  onlj  the  whole  of  their  dt 
Dient  withiu  the  egg,  bat  the  whole  of  tli«k  aeii^e  life  after  tlieir  fmerHioa  £i 
b^in^  Cimi«d-<}n  at  th«  expeiuie  of  the  atofe  of  yolk  provided  by  tho  panmL 
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Strictly  regulated  by  the  temperature  to  which  the  OTganbrn  m  subjected, 
Thua  ova  which  are  OTdinarilj  not  hatched  unUl  the  leav^  suitable  for 
the  food  of  their  larva  have  been  put  forth,  may  be  made,  by  artiiicial 
heat,  to  produce  a  brood  in  the  winter ;  whikt^  on  the  other  hand,  if 
they  be  kept  at  a  low  temperature,  their  hatching  may  be  retarded  ahnost 
indefinitely  without  the  destruction  of  their  vitality.  The  same  is  true  of 
the  pupa^atate ;  and  it  is  remarkable  that  during  the  latter  part  of  that 
state,  in  which  the  developmental  procesa  goes  on  with  extraordinary 
rapidity,  there  h  in  certain  Insects  a  special  provisioii  for  an  elevation  of 
the  temperature  of  the  embryo  by  a  process  resembling  incubation* 
Whether,  in  addition  to  the  heat  imparted  from  without,  there  is  any 
addition  of  force  developed  within  (as  in  the  germinating  seed)  by  the 
return  of  a  part  of  the  organic  oonHtitnenta  of  the  food  to  the  condition  of 
binary  compounds,  cannot  at  present  be  stated  with  confidence :  the 
probability  ia^  however,  that  such  a  retrograde  metamorpho^  does  take 
plnce,  adequate  evidence  of  its  occxurence  during  the  incubation  of  the 
Bird's  egg  being  afforded  by  the  liberation  of  carbonic  acid  whidi  is  there 
found  to  be  an  essentia]  condition  of  the  developmental  process.  During  the 
larva- state  there  is  very  little  power  of  maintaining  an  independent  tempera- 
ture, so  that  the  sustenance  of  Vital  Activity  is  still  mainly  due  to  the  hciit 
supplied  from  without, — But  in  tlie  active  state  of  the  periect  Insect  tliere 
is  a  production  of  heat  quite  comparable  to  that  of  warm-blooded  animals ; 
and  this  Is  effected  by  the  retrograde  metamorphosis  of  certain  organic  con- 
stituents of  tJie  food,  of  which  we  find  the  expression  in  the  exhalation  of 
carbonic  acid  and  water.  Thus  the  food  of  Animals  becomes  an  internal 
source  of  heat,  which  may  render  them  independent  of  external  tempera- 
ture.— Further,  a  like  retrograde  metamorpho^  of  certain  constituenta 
of  the  food  is  the  source  of  that  mn^ori-fnotor  power  which  is  the  peculiar 
characteristic  of  the  Animal  organism;  for  on  the  one  h^d  the 
demand  for  food,  on  the  other  the  amount  of  metamorphosis  indioited  by 
the  quantity  of  carbonic  acid  exhaled,  bear  a  very  dose  relation  to  the 
quantity  of  tiiat  power  which  is  put  forth.  This  relation  ia  peculiarly 
manifest  in  Insecta,  since  their  conditions  of  activity  and  repose  present 
a  greater  contrast  in  their  respective  rates  of  metamorphosis  than  do 
those  of  any  other  animals, — Of  the  exercise  of  genefutive  force  we 
have  no  dmilar  m^iaure;  but  that  it  is  only  a  special  modification  of 
ordinary  vital  activity  appears  from  this  circumstance,  that  the  life  of 
those  Insects  which  ordinarily  die  very  soon  after  sexual  congress  and  the 
deposition  of  the  ova,  may  be  condderably  prolonged  if  the  mxm  be  kept 
apart  so  that  congress  cannot  take  place.  Moreover,  it  has  been  shown 
by  recent  inquiries  into  the  Agamic  reproduction  of  Insects  and  other 
animals,  that  the  process  of  Generation  differs  hx  leas  from  those  Eepro- 
dnctiv©  acta  which  must  be  referred  to  the  category  of  the  ordinary 
Nutritiv®  ptooesses,  than  had  been  previously  supposed. 

1 L  Thus,  then,  we  find  that  in  the  Ajjimal  organism  the  demand  for  food 
has  reference  not  merely  to  its  use  as  a  materiai  for  the  construction  of 
the  febric ;  food  serves  also  as  a  generator  of  force  j  and  this  force  may 
be  of  various  kinds,— Heat  and  Motor*power  being  the  principal  but  by 
no  means  the  only  modes  under  which  it  manifests  itself.  We  shall  now 
inquire  what  there  is  peculiar  in  the  sources  of  the  Vital  Force  wliich 
animates  the  organisms  of  the  higher  animaJs  at  different  stages  of  Lile* 
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12,  That  the  DeTelopnient£d  force  which  occaaionathe  evolution  i 
gemi  in  the  higher  Vertebratii  is  really  supplied  by  tlxc  Heat  to  wliii 
oviim  is  snbjectedj  may  he  Tcgarded  ha  a  fact  established  beyond  all 
tion.     In  the  Frog  and  other  Amphibia,  which  have  no  special  me 
imparting  a  high  temperature  to  their  eggs,  tJie  rate  of  development  (' 
in  the  early  stages  can  be  readily  determined  with  great  exactne 
entirely  governed  hy  the  degree  of  warmth  to  which  theonnn  is  mibj 
But  in  Serpents  there  is  a  peculiar  provision  for  supplying  heat 
female  performjiig  a  kind  of  incubatiou  upon  her  eggs,  and  generate 
her   own   body  a  temperature  much   above  that  of   the   surrou 
air.*    In  Birds,  the  developmental  process  can  only  be  maintamed  I 
steady  application  of  external  wanuth,  and  this  to  a  degree  much  h 
than  that  which  is  needed  in  thecal  of  cold-blooded  animals ;  and  wi 
notice  two  reaulta  of  this  application  aa  very  sign ifi cant  of  the  dyna 
relation  between  Heat  and  Developmental  Force, — first,  that  the  perit 
quired  for  the  evolntlon  of  the  germ  into  the  mature  embryo  is  n 
constant  J  each  species  having  a  definite  period  of  incubation,— and  se 
that  the  grade  of  development  attained  by  the  embryo  before  its  emt 
is  relatively  much  higher  than  it  is  in  cold-blooded  vertebrata  genei 
the  only  instances  in  which  anything  like  the  same  stage  is  attaiued ' 
out  a  special  incubation  being  those  in  which   (as  in   the  Turtl* 
Crocodlie)  the  eggs  are  hatched  under  the  iniluence  of  a  high  ext 
temperature.     This  higher  development  is  attained  at  the  expense 
much  greater  consiunption  of  nutrient  material ;   the  store  laid  i 
the  *  food  yolk  *  and  *  albumen '    of  tlie  Bird^s  egg  being  many  l 
greater  In  proportion  to  the  si^e  of  the  animal  which  laid  it,  than 
contained  in  the  whole  egg  of  a  Frog  or  a  Fish,     There  is  eviden 
that  Hberation  of  carbonic  acdd  which  has  been  ascertained  to  go  c 
the  egg  (a^  in  the  germinating  seed)  during  the  whole  of  the  devi 
mental  process,  tliat  tlie  return  of  a  portion  of  the  organic  substances 
vided  for  the  sustenance  of  the  embryo,  to  the  condition  of  simple  bi 
com  pounds,  is  an  esaeutial   condition  of  the  process  j  and  since  it 
scarcely  be  supposed  that  the  object  of  this  metamorphosis  can  l 
forniaJt  heat  (an  ample  supply  of  tliat  force  being  afforded  by  the  ' 
of  the  parent),  it  Bcems  not  imlikely  that  its  puqxise  is  to  supply  a : 
that  concurs  with  the  heat  received  fi-om  without  in  mainfeiiuing  the 
ceas  of  organization. — The  development  of  tlio  embryo  within  the  h 
in  the  Mannnalla,  imparts  to  it  a  steady  temperature  equivident  to  th 
the  parent  itself;  and  in  all  save  the  implaceniai  Orders  of  this  class, 
development  is  carried  stiU  further  than  in  Birds,  the  new- bom  Man 
being  yet  more  complete  in  all  its  parts,  and  its  siae  bearbg  a  larger 
portion  to  that  of  its  parent,  than  even  in  Birds*     It  is  doubtle^  ot 
in  great  part  to  tlie  constancy  of  the  temperatiure  to  which  the  embri 
subjected,  that  its  rate  of  development  {as  bIiotiti  by  the  fixed  ten 
utero-geatatJon)  is  so  uniform.     The  supply  of  organiziible  material ', 
a0brded  by  the  ovum  itself  is  very  small,  and  suffices  only  for  the  "" 

•  In  the  Tlp6r  tbe  figgs  are  nauallj  retouied  witliio  the  oviduct  until  ttej 
butehed.  Id  the  Fylboa,  vbicb  recently  went  tbrongb  tbo  procesH  of  incubiition  i] 
2oologCciil  GardonB,  tbe  oggs  wtsrD  imWldcd  in  tbe  coil  a  of  tbe  body  \  tha  tem|>eti 
to  wbieh  tbey  wera  iinlycctwi  (as  aiseertaiued  by  a  Ijiermonifter  placad  in  the  : 
tbem)  aTeragiag  &0^  P.,  whilst  tb&t  of  the  cage  ayer&ged  60°  F. 
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earliest  stage  of  the  conatructiTre  process ;  but  a  special  provieion  ia  very 
Boon  niade  tor  the  nutrition  of  the  embryo  by  nmteriaLa  directly  supplied 
by  the  parent ;  and  the  imbibition  of  these  takes  the  place,  during  the 
whole  remainder  of  iijjtal  life^  of  the  appropriatioD  of  the  materials  eup- 
plied  in  the  Bird^s  egg  by  the  '  food  yolk  *  and  '  albumen*'  To 
what  extent  a  retrograde  metamorphoaia  of  nutrient  material  takes 
place  in  the  fuetal  Mammal,  we  have  no  precise  means  of  determining ; 
atnee  the  products  of  tliat  metamorphosis  are  probably  tor  the  moat 
part  returned  (through  the  placental  circulation)  to  the  blood  of  the 
mother,  and  got  rid  of  through  her  excretory  apparatus.  But  suflScient 
eyidence  of  such  a  metamorphosis  m  afforded  by  tiie  presence  of  urea  in 
the  amniotic  fluid  and  of  biliary  matter  in  the  intestines,  to  make 
it  probable  that  it  takes  pLice  not  less  actively  (to  say  the  least)  in  the 
fcetal  Mammal  than  it  does  in  the  Chick  in  ovo.  Indeed  it  is  impossible 
to  conceive  of  the  growth  of  any  of  the  higher  organisma, — ^which  not 
merely  consists  in  the  formation  of  new  pirts,  but  also  involves  a  vast 
amoujit  of  interstitial  change, — without  perceiving  that  in  the  remodelling 
which  is  inceaaantly  going  on,  the  parts  first  formed  must  be  removed  to 
make  way  for  those  which  have  to  take  their  place.  And  such  removal 
can  scarcely  be  accomplished  without  a  retrograde  metamorphosis^  which, 
as  in  the  numerous  cases  already  referred-to,  may  ho  considered  with 
great  probability  as  setting  free  constructive  force  to  be  applied  in  tha 
production  of  new  tissue, 

13,  Itf  now,  we  pass-on  from  the  intra-uteriiie  life  of  the  Mammalian 
organiam  to  that  period  of  its  existence  which  interveues  between  birth 
and  maturity y  we  see  that  a  temporary  provision  is  made  io  the  acts  of 
lactation  and  nursing  for  affording  both  food  and  warmth  to  the  young 
creature  J  which  ia  at  first  incapable  of  adequately  providing  itself  with 
aliment,  or  of  reaiEting  external  cold  without  fostering  aid.  And  we 
notice  that  the  offspring  of  Man  renmins  longer  dependent  upon  pareatal 
care  than  that  of  any  other  Mammal ;  in  accordance  with  the  higher 
grade  of  development  to  be  ultimately  attained.  But  when  tlie  period  of 
infancy  haa  passed,  the  child  tliat  is  adequately  supphetl  with  food,  and 
is  protected  hy  the  clothing  which  makes  up  for  the  deficiency  of  other 
tegumentary  covering,  ought  to  be  able  to  maintain  its  own  heat,  save  in 
an  exta^mely  depressed  temperature ;  and  this  it  does  hy  the  metamor- 
phosis of  organic  aubstaaces,  partly  derived  from  its  own  fabric,  and  partly 
supplied  directly  by  the  food,  into  binary  compounds.  During  the 
whole  iieriod  of  growth  and  development,  we  find  the  producing  power 
at  its  highest  point ;  the  circulation  of  blood  being  more  rapid,  and  the 
amouiit  of  carbonic  acid  generated  and  thrown  off  being  much  greater 
in  proportion  to  the  bulk  of  the  body,  than  at  any  subsequent  period 
of  life.  We  find,  too,  in  the  large  amotint  of  other  excretions^  the  evi- 
dence of  a  rapid  metamorphosis  of  tissue;  and  it  can  hardly  be  questioned 
(if  our  general  doctrines  be  well  foimded)  that  the  constructive  force 
which  operates  in  the  completioo  of  the  iabric  will  be  derived  in  part  from 
the  heat  bo  largely  generated  by  chemical  change,  and  in  [Hirt  from  the 
descent  which  a  portion  of  the  iabric  itself  is  continually  making  from  the 
higher  plane  of  organized  tissue  to  the  lower  plane  of  dead  matter,  Tiiis 
high  meaaure  of  vital  activity  can  only  be  sustained  by  an  ample  supply 
of  Food ;  which  thus  supphes  both  matrnml  for  the  construction  of  the 
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organism,  aud  the  force  by  whoee  agcmcy  that  coiistraction  is  accomplialied. 
How  completely  dependent  the  constmctdTe  process  still  b  upon  Heat,  b 
ihown  by  the  phenomena  of  reparation  in  cold- blooded  animalB ;  smoe 
not  only  can  the  rate  at  which  they  take  place  be  expenmentally  ahown 
to  bear  a  direcrt  relation  to  the  temperature  to  which  these  animals  are 
Btibjected,  but  it  has  been  ascertained  that  any  extraordinary  act  of  repara- 
tion (such  as  the  reproduction  of  a  limb  in  the  Salairiander)  will  only  be 
performed  under  the  influence  of  a  temperature  much  higher  than  that 
required  for  the  raaintenaiice  of  the  ordinary  vital  activity. — After  the 
maturity  of  the  organism  has  been  attained,  there  is  no  longer  any  call 
for  a  larger  measure  of  constructive  force  than  is  required  for  the  main- 
tmance  of  its  integrity  \  and  if  there  were  no  other  source  of  retro- 
grade metamorphofliB  than  that  which  is  inherent  in  the  peculiar  com- 
poffltion  of  the  tiBsues^  the  demand  for  food  would  be  reduced  to  very 
little  more  than  would  suffice  by  its  ultimate  conversion  into  water  and 
carbonic  acid  to  keep  up  the  temperat^r^6  of  the  body.  But  the  condi- 
tions  of  Animal  existence  involve  a  constant  expenditure  of  Motor  force 
through  the  instramentality  of  the  Nervo-muscular  apparatus,  as  well 
as  a  liberation  of  Heat ;  and  the  exercise  of  the  purely  Pgifchkai  powers 
through  the  instrumentality  of  the  Brain  constitutes  a  fiirther  expendi- 
ture of  fon^,  even  when  no  bodily  exertion  ia  made  as  its  result. — We 
have  now  to  consider  the  conditions  under  which  these  forces  are  developed, 
and  the  aources  from  which  they  are  derived* 

14-  The  doctrine  a:  present  commonly  received  among  Physiologists 
upon  these  points  may  be  stated  as  follows : — The  functional  activity  of 
the  Nervous  and  Muscular  apparatuses  involves,  as  its  necessary  condition, 
the  difdntegiation  of  their  tissues ;  the  components  of  which,  unitijng  with 
the  oxygen  of  the  blood,  enter  into  new  and  simpler  combinations,  which 
are  ultimately  eliminated  from  the  body  by  the  excretory  operations.* 
In  such  a  retrograde  metamorphosis  of  tissue,  we  have  two  sources  of  the 
liberation  of  force ; — first,  its  descent  from  the  condition  of  living  to  that 
of  dead  matter^  involving  a  liberation  of  that  force  which  was  originally 
concerned  in  ite  organisation ; — and  second,  the  furtiier  descent  of  its 

*  To  tliiB  doctriae  &  decided  ^preach  waa  made  bj  UeUg  in  hia  Animal  Chewiirtrj 
(IS  4  2)  \  aince  he  tlierio  duitjnctly  promnlgatod  vhat  had  si  ready  becQ  more  vngTaety 
affirmed  by  Tan<ju§  Plijabloglataj  that  every  prt>dtJCtiort  of  motion  by  an  Animal  involvea 
ft  proportioBttl  disintegtatioii  of  tawscukr  aohsiaace.  Bot  ha  se^m^  to  haTc  regarded  the 
motor  force  prodacfid  u  the  expressioa  of  the  Tiial  fared  hj  vbich  the  tissue  vu  pre- 
Tioualy  aiiimated;  and  to  lutro  looked  upon  ita  dUint^Hrratian  by  oxjgenatioD  aa  nmpEj 
a  cQnae*|oence  of  Lta  deapth.  The  doctrine  of  the  **  Correlation  of  Forces^'  beiiiir  at  that 
time  undeveloped,  he  wia  not  prepared  to  recogniae  a  ftourw  of  Motor  power  in  the 
ulterior  chemical  cbaEges  which  the  anbatance  of  the  muscle  undergoes  ;  but  aeetna  to 
hv^  regarded  thetu  aa  only  coaoern^  in  the  production  of  Hei^t.  The  earli^at  cliatmct 
mcpreaiioi}  of  the  current  doctrine  is  to  be  found  in  the  vorj  remarkable  treatise  of  Dr, 
Mayer  (*'Die  org&niscbe  Beweignng  Id  ihreu  Zueammeabange  mtt  dem  Stofwecheel/' 
ffmlbromif  \%iS\  in  which  he  worked-ont  from  the  two  fundamental  axiotns,  *^ £x 
mkilo  nit  fit  f*^  and  **NU^  ad  nihilutfij"  the  whole  aystem  of  doctrine  which  has  since 
oome  to  be  known  a«  thai  of  the  **  Correlation  of  Foroes,"  aad  the  '*  Conaerration  of 
Toms,"  in  Ita  applkation  alike  to  Phyaics  and  Chomistry  and  to  PhyBiology.  Prof.  GruTe 
wiA  drndltajaeouflly  engaged  in  the  deTelopment  of  the  doctrine  of  the  "Correlation  of  the 
PhyiicaJ  Forcea;*'  and  without  any  knowledge  of  Dr.  Mayer'R  previoas  laboura,  the 
Author  of  thia  Treat! (r^  dev^cloped  the  doctrine  ia  the  form  atated  in  tlie  teit,  in  hia 
Memoir  '  Ou  the  Mutaal  Eehitions  of  the  Vital  and  Phyaical  PoTx^ea,*  pnbliahed  in  the 
"  f  hiloaophicy  TmiiMtioiu"  for  ISfiO. 
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complex  organic  components  to  t!ie  lower  plane  of  Bimple  binary  oorn- 
pounds.  If  we  trace  back  theae  forces  to  their  proximate  Boiirce,  we  find 
botli  of  tliem  in  the  food  at  the  expeiiBe  of  wlucli  tlio  Animal  organism  is 
constmcted ;  for  besidea  eupplying  the  materiai  of  the  tiasnes^  a  portion 
of  that  food  (as  already  abown)  becomea  the  source,  in  its  retrograde 
metamorphofiis,  of  the  production  of  the  Heat  which  supplies  the  oon- 
BtractiTe  power,  wbilat  another  portion  may  afford,  by  a  like  descent,  a 
yet  more  direct  supply  of  organizing  force.  And  tlius  we  find  in  the 
action  of  Solar  Light  and  Heat  upon  Plants — ^whereby  they  are  enabled 
to  not  merely  extend  themselves  almost  without  limit,  but  also  to  accu- 
mulate in  tbeir  substance  a  store  of  Organic  Compounds  for  tlic  consnnip- 
tlon  of  Animals, — ^the  idtimate  source,  not  merely  of  tlie  materials  which 
Animals  require  for  their  nutrition,  but  also  of  the  forces  of  various 
kinds  wbich  they  exert. 

15,  But  recent  investigations  have  rendered  it  doubtful  whether  the  doc- 
trine that  every  exertion  of  the  fimctional  power  of  the  nervo-muscnlar  ap- 
jiaratus  involves  the  disintegration  of  a  certain  equivalent  amount  of  tissue, 
rcuUy  expresses  tlic  whole  truth.  It  has  been  maintabedi  on  tlie  basis 
of  carelully  conducted  exporiments^  in  the  first  pkcc»  that  the  amount  of 
work  done  by  an  animal  may  lie  greater  than  can  be  accounted  for  l)y 
the  uJtinjate  metamorpboais  of  the  azotized  constituents  of  its  food,  tlieir 
Tiiechanicai  equivalent  being  estimated  by  the  heat  producible  by  the 
combustion  of  the  carbon  and  oxygen  which  they  contain ;  •  and 
secondly,  that  whilst  there  is  not  a  constant  relation  (as  affirmed  by 
Liebig)  between  the  amount  of  motor  force  produced  and  the  amount  of 
disintegration  of  muscular  tissue  represented  by  the  appearance  of  urea 
in  the  urine,  such  a  constant  relation  does  exist  between  the  development 
of  motor  force  and  the  increase  of  carbonic  acid  in  the  expired  air  as 
shows  that  between  these  two  phenomena  there  is  a  most  intimate 
eonnectxou,f       And  the  concurrence  of  these  independent  indications 

*  This  view  baa  beea  e^preBs&l  to  tbo  Author  by  two  very  liigh  anlb(mties,  Prot 
HdmboLtx  ftnd  Prof.  WilliAm  Tboniion,  inilcpendeatlj  of  each  oihtir,  &a  &n  almoit  neees- 
saT7  mfersDw  Ertini  tfa^  data  fuTDUbtxl  bj  tbe  ftxperimeDU  of  Dr.  JpuJe.  EvcQ  admitting 
tbe^  data  {aa  to  wbicb  be  l^kina  frum  Dr>  Joale  that  be  has  auw  some  doubt,  arising 
from  tbe  iDcompIeteDeaa  of  the  analjAes  of  ib«  food  coDinmed  by  the  Horae  which  va^the 
subject  of  the  experiment),  the  Author  '\a  bj  no  means  Hatisfied  that  they  |DKtify  the  m- 
foreaoe  fonadod  an  tbetn  ;  for  It  Bceios  to  him  a  pure  aasuaiptioa  to  affirm  tlmt  the  forw 
evolved  bj  the  altiui&te  toetamorpbofiiB  of  atoiked  oompoaBda  is  to  be  izieastired  only  by 
Ibe  combuHtive  eqiilT*l«nt  of  the  €4irUm  a&d  k^chofftn  tbey  coul^in.  Tb«re  is  &bundiiDt 
«7ldeDee  in  the  pheaoiDtQa  of  Vegetable  Uh  on  the  one  hand,  th^t  tbe  productiim  of  gluten 
&Dd  other  albumiooaa  compoundu  is  the  re^iilt  of  ft  more  i^K>wfirful  action  of  Hca.t  and 
Light,  tbazi  thftt  whieh  ii  expretsed  by  the  prodnetionoffft&rch  &nd  oil ;  whilst,  o^  the 
other  htkmit  chemi^ta  are  familiar  with  Tarions  phenomena  attecdiog  the  retrograde  meta- 
morphosis of  atotized  oompoond^  which  seem  to  msj-k  their  special  poteney,  Eo,  agaiUf 
il  U  quite  eonceirable  tbat  In  the  ooutriuittoti  of  Mitvcuiar  tisitne  an  amount  of  Orpnfung 
fufc*  JDAJ  be  aa  It  were  locked  tip  (like  tJie  ptower  employed  in  winding*np  a  watch),  to  be 
restored  in  the  form  of  mecbanica)  tone  (aa  in  the  nnbending  of  the  »pring),  vhea,  in  th« 
disiiitegnitioo  of  the  mti&ele  and  the  ultimate  metamorpboda  of  ita  anbctuiee^  ita  consti- 
tneat  pnrtieles  maJce  the  entire  desc<>nt  &om  the  h%be>t  plane  (that  of  orgKnix0d  tis&De) 
to  the  lowest  {that  of  simple  binary  componnds). — But  although  he  t^innot  reganl  the  due* 
trine  of  hia  diBtingulfibed  friends  as  snftatnable  on  the  basis  on  wbich  tbey  have  enacted  it^ 
be  tfainks  it  supported  by  many  other  eonsidemtiona  leading  to  the  general  conclosiun 
(<f )  esrpressed  m  the  enatting  paf«gmph  of  the  t«xt. 

-I-  On  tbeae  loat  polnta  raferenoe  ia  etpeebdly  made  to  the  cxperimentii  of  Dr.  Edward 
Smith,  the  moat  important  ttanlta  of  wlucb  wUl  bedted  herea&er. 


n 


UTE^   AND   ITS  OOimiTlONS, 


BGems  to  justify  the  inference  that  iwdtor  force  may  be  developed,  Eke 
Heat,  by  Uie  metinnorphosls  of  constituents  of  food  which  arc  not  converted 
into  living  tjesuej — ^an  inference  which  so  fully  himnonkea  with  the 
doctrine  of  the  dii^ect  convertibility  of  these  two  forces  now  established 
as  one  of  die  soreet  results  of  Physical  investigation,  as  to  have  in  itself  no 
inherent  improbability.  Of  the  conditions  which  determine  the  g^neni- 
tion  of  motor  force,  on  the  one  band  from  the  disintegration  of  muscular 
tissue,  on  the  other  from  the  metamoqihosis  of  the  components  of  the 
food,  nothing  definite  can  at  present  be  stated ;  but  we  seem  to  have  a 
typical  example  of  the  former  in  the  parturient  action  of  the  uterus,  whose 
muscular  substance  appears  to  have  been  built  up  for  this  one  etfori,  and 
forthwith  und^goes  a  rapid  retrograde  metamoqihosis ;  whilst  it  can 
scarcely  be  r^arded  as  improbable  that  the  constant  activity  of  the  heart 
and  of  the  respiratory  muscles,  which  gives  them  no  opportunity  of  reno- 
vation by  rest,  is  sustained  not  so  much  by  the  continual  renewal  of  tJieir 
substance  (of  which  renewal  there  is  no  histological  evidence  whatever)  as 
by  a  metamorphosis  of  matters  external  to  theniselves,  supplying  a  force 
which  is  exerted  Uirough  their  instrumentality, 

16.  To  sum  up : — The  Life  of  Man  essentially  consists  in  the  manifeata* 
tion  of  Forces  of  various  kinds,  of  which  hi  a  organism  is  tlie  instrument ;  and 
these  Forces  are  developed  by  the  retrograde  nietaniorphosis  of  the  Organic 
Compounds  generated  by  the  instmmentaUty  of  the  Plant,  whereby  they 
ultimately  return  to  the  simple  binary  forms  (water,  carbonic  acid^,  and  am- 
monia)  which  serve  as  the  food  of  plimts.  Of  these  Organic  Compounds,  one 
portion  {a)  is  converted  into  the  substance  of  the  living  body,  by  a  construe- 
tive  force  which  (in  so  far  as  it  is  not  supplied  by  the  direct  agency  of 
external  heat)  is  develoj^ed  by  the  retrograde  metamorphosis  of  anoflier 
portion  (b)  of  the  food.  And  w^hilst  the  ultimate  descent  of  the  iirst-named 
portion  («)  to  the  simple  condition  from  which  it  was  originally  drawn, 
becomes  one  som'ce  of  the  peculiarly  Animal  powers — the  ps^cltteat  and 
the  WM) for— -exerted  by  the  organism,  anotJier  source  of  these  may  be  found 
in  a  like  metamorphosis  of  a  further  portion  (c)  of  the  food  w^hich  has  never 
been  converted  into  living  tissue.  The  generative  force,  as  in  the  Plant,  is 
evidently  an  expression  of  the  ordinary  constructive  force ;  and  there 
seems  reason,  moreover,  for  regarding  it  as  a  very  high  expression,  its  too 
rapid  expenditure  producing  a  peculiarly  depressing  effect  upon  the  vital 
power  of  the  organism,  which  tends  to  its  dissolution.— But  whilst  wo  find 
the  ultimate  source  of  the  whole  vital  power  of*  the  organism  in  the 
suppUes  of  Food  and  of  Heiit  which  it  derives  from  external  sources,  it 
must  never  be  forgotten  that  its  capacity  to  avail  itself  of  those  supplies 
depends  upon  its  own  original  constitution ;  and  that  as  the  form  into 
which  tl»e  germ  develojjes  itself  depends  upon  its  own  specijic  endowments, 
«a  the  particuliir  modification  of  tfiat  form  presented  by  each  individual 
must  depend  (all  external  conditions  being  the  same)  ujK>n  its  own 
imiividual  endowments — the  differences  between  these  being  at  present 
oniy  vaguely  referable  to  antecedent  conditions  of  the  parent^  organism. 
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DISTINCTIVE    ClfAEACTERISTXCS   OF   MAN. 

17,  In  ejitering  upon  the  study  of  that  aggregation  of  phenomena  wliicU 
con^itutes  the  Life  of  Man,  it  seema  appropriate  in  the  first  inaUince  to 
cotiaider  hia  relations  to  other  types  of  Aiiirnal  orgjinization ;  ami  to  ex- 
afuine  what  there  is  m  hia  corporeal  and  psychical  character^  which  moat 
distinctly  ditferentiates  him  from  the  beings  he  most  nearly  resembles* 
All  Zoologists  are  agreed  that  his  place  is  at  the  head  of  the  Mammalian 
class  of  the  Vertebnite  sub- kingdom ;  and  that  as  regards  both  the 
general  plan  of  con  formation  and  the  details  of  aruitomical  fltructure,  there 
is  a  very  close  approximation  between  the  genus  Homij  ajid  the  semi-erect 
taiJ-less  Apea  belongi^ig  to  the  genera  TroglodtfUs  and  Pithecus.  But 
ttere  is  a  considerabie  difference  of  opinion  as  to  the  mode  in  which  this 
relatiofiiihip  should  be  expressed.  By  LinDSeuSf  the  Apes  and  Man  were 
included  with  Lemurs  and  Bats  in  one  and  the  same  Order  Primates  ; 
and  in  this  non -separation  of  Man  from  the  Apei^  he  has  been  followed  by 
several  modern  Zoologists  of  great  amiueiuoe.  On  the  other  hand  Blu- 
menbach,  who  in  this  w^aa  followed  by  Curier,  maintained  that  the  dis- 
tinctive characters  of  the  genus  Hotno  are  sufficient  to  entitle  Man  to  rank 
m  the  type  of  a  separate  Order,  to  which  he  gave  the  name  of  Bimana, 
considering  it  to  be  apeciaHy  distinguislied  by  the  possession  of  two 
hands  from  the  QcAluiDMAiiAf  which  possess  four  nearly  similar  liand- 
like  extremities.  And  Prof.  Owen  lias  recently  gone  a  step  further,  by 
raising  Homo  into  a  sub-claas  ArchkncepualAj  on  the  ground  that  his 
"  psychological  f>owers,  in  association  with  his  extraordinarily  developed 
brain,  entitle  the  group  which  he  represents  to  equivalent  rank  with  the 
other  primary  divisions  of  the  class  Mammalia,  founded  on  cerebral  cha- 
ract^trs."*  Although  the  discussion  of  questions  of  systenmtic  arrange- 
nient  is  tlie  prof>er  business  of  the  Zoologist,  yet  the  inquiry  into  the 
exfict  natitre  and  amount  of  the  difiereuces  between  Man  and  the 
(so»caUed)  Qtiadfttrntma  falls  legitimately  witliin  the  province  of 
the  Physiologist,  and  may  therefore  be  appropriately  dealt  with  in  this 
f>lace.  In  the  pursuit  of  this  inquiry,  it  is  most  important  to  distin- 
guish between  those  structural  [)eculiaritiea  of  which  alone  the  Ana- 
totniat  can  take  cognizance^  and  those  psychical  mani testations  of  which 
the  sources  are  altogether  beyond  his  keu;  for  these  two  orders  of 
facts  camiot  be  Jegiti  mutely  brought  into  the  same  csit^gory,  and 
any  attempts  to  blend  them  can  lead  to  nothing  but  conihsion. 
It  is  tlie  province  of  the  Comparative  Anatomist  to  deal  with  Man's 
corpor«il  organism  J  as  if  he  knew  nothing  more  than  the  facts  brought 
under  his  observation  in  the  dissectmg-room ;  scrutinizing  every  pecu- 
hari ty  in  its  structure  in  exactly  the  same  spirit,  and  valuing  it  aocording 
to  exactly  the  same  measure,  that  he  woidd  bring  to  the  investigation  of 
tlie  peculiarities  of  some  newly -discovered  type,  known  to  him  only  by 

'  ^  On  the  CbAmet^m  aad  Claagificatictti  of  the  Munmali*,'  io  *'  Journal  of  the  Pro- 
ce«<)in£8of  the  Lmtmui  Soeiiitjr,"  toL  ii^j  ISif?,  p.  33, 

C 


18 


rusriNCTivE  chakacteristics  of  man. 


dead  si>ecimen8.  And  altliougli  he  might  safely  assign  to  tlie  gea 
Homo  a  BtmetunLl  capacity  for  tlie  erett  posturej— a  Bpeciality  iu  t 
oonfbnxiatioii  of  the  anterior  and  posterior  extrainitiea^  impirtiiig  to  t 
former  a  pecuhar  power  of  ¥aried  anti  rainiite  prehension^  aiid  titting  X 
ktter  for  biped  progresaion, — ^and  a  relatively-krger  brain,  rendering 
probable  that  the  psychical  fac  til  ties  of  which  it  is  tlie  itistriunent  wot 
be  more  elevated  and  more  predominant, — yet  there  he  must  stop ;  eii 
he  cannot  drover  in  Maii^a  corporeity  the  fiiinteat  indication  of  those  1 
tellectnal  and  Slorai  attribufcee  by  which  he  holds  himself  to  be  specia 
difltinguished  iruai  the  brute  cre-ation^  of  tliat  Progressive  Reason  whi 
drawi  even  the  Infinite  within  its  scope,  of  tliat  upward  aspiration  af 
Truth  and  Gooiiuese  whicii  ranges  even  btjyond  hia  inteUectnal  c< 
caption  J  of  tliat  yearning  after  a  purely  Spiritual  existence  which  refu. 
to  recognize  in  bodily  decay  anything  but  the  lil>eration  of  the  imprisoE 
SouL  These  are  lUcts  of  Man's  uature  not  less  necessary  to  l>e  tali 
into  account  in  the  estimation  of  his  position  in  the  Universe,  tl 
those  which  arc  6iip]ilied  by  his  bodily  organisation  ;  and  it  is  not  si 
prising  that  by  a  too  exclusive  regard  to  them,  maaiy  emhieut  Natnralii 
from  Aristotle  dowTi wards,  have  been  led  to  maintain  that  Man  ought  I 
to  be  included  in  tlie  Animal  Kingdom  at  all,  but  should  Ijc  ranked  it 
Kingdom  by  himself.  ThiSj  however,  is  a  position  which  cannot  be  c< 
sislently  held  by  any  one  w^ho  rocognkes  Anatomical  strnctnre  stn  tiie  t! 
badsof  Zooiogicidclasftitication.  For  granting  that  Man  isdibtinguishcd  fr 
eviery  other  form  of  terrestrial  being  by  psychical  attributes  which  br 
him  into  relation  with  Infinite  luteUigence,  he  does  not  the  leas  belonja 
the  Animal  Kingdom  in  hi  a  present  stage  of  existence,  in  virtue  of 
possession  of  every  yttributo  by  which  an  Anirnal  is  characterised,  t 
the  absence  of  any  peculiarity  wliatevcr  in  his  organization  winch  can 
showu  to  remove  him  horn  that  category.  And  since  it  ia  only  as 
animal  tltat  he  is  taken  cognisance  of  by  the  Zoologist,  it  is  only  with 
structural  charact^a  ttiat  the  Zoologist  should  concern  himself.  In  1 
fKiint  of  view  it  appears  to  tie  author  clearly  demonstrable  tliat 
structural  distinctions  by  which  Man  is  separated  from  tho  higher  A 
are  much  smaller  in  amount  than  those  by  which  the  latter  are  separ^ 
from  tlie  lower  Qnadmmana  \  and  heneo  tliat  the  Linnican  asaociatioi 
Mtm  iuid  tliQ  Quadi^mami  in  the  same  primaiy  group  is  much  m 
correct  than  the  ordinal  separation  of  the  Utmana  and  Quat/jnitm 
maintained  by  Cuvier,  and  a  fortiori  than  the  j>ropoaition  of  P 
I  )wen  to  rank  Man  in  a  distinct  anb-clasa, 

18*  As  the  ordinal  sejiaration  of  Uie /iiVi-^?! a  from  the  Qtutdrtimffna 
emxie  to  be  gon^jrally  accepted  uj>nit  the  authority  of  Cuvier,  it  will 
desirable  to  begin  by  examining  into  the  validity  of  the  characters 
which  it  rests ;  com  rearing,  in  the  hrst  place,  the  hand  and  the  foo 
Man  with  the  corresf>onding  extremities  of  the  higher  Apet;  and  (J 
inqmring  whetlier  the  difierences  which  they  respectively  present,  eit 
surpass  in  dafjreE  those  with  which  we  meet  in  alike  com]>arisoa  betw 
the  estremitiea  of  the  higher  Apes  and  those  of  the  lower  Monkey  a 
can  be  justly  held  to  dejsart  iroui  them  in  kind.  There  is  in  Man,  w 
we  observe  iu  none  of  the  Mammalia  which  approacli  lam  in  other  reepe 
a  complete  distinction  in  the  character  of  the  anterior  iuid  posterior 
tremitios ;  the  former  being  adapted  for  prehension  alone,  and  the  la 
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^xdufiively  for  luppori  and  firogr^ssipn :  and  thus  each  fimctioii 
18  |*erfornied  with  much  greater  conipkteness,  than  it  can  he  when  two  such 
oppodte  puTfiosea  Iiuyo  to  be  united*  **  That,"  Miys  Curier,  **  which  oou- 
i$titutes  the  huttfij  jirop?rly  so  called,  is  the  ihculty  of  oppoaiug  the  thumb 
U>  the  other  tingers^  go  as  to  eeii^  upon  the  most  minute  objects ;  a 
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Hand  of  Jr<M,  «aaip««d  Willi  Aiiterltyr  ettMmUj  «f  OfOHg. 

fiiculty  which  is  carried  tolte  highest  degi^e  of  perfection  in  Man,  in  whom 
the  whole  anterior  extremity  lb  free,  and  can  be  employed  in  prehension/' 
The  peculiar  prehensile  power  poaaeaaed  by  the  Nattd  of  Miin,  is  chieiSy 
dependent  ujxjn  the  size  and  power  of  the  thumb ;  which  is  itioro 
developeti  in  him,  than  it  is  in  the  highest  Apea  (Fig.  1 ).  The  thumb  oi' 
the  Human  hand  cati  be  brought  into  exact  opposition  to  t)ie  extremities 
of  all  the  fingers,  whether  singly  or  in  combination ;  whilst  in  those 
Qnadnmiana  which  most  nearly  approach  iLin,  the  tluimb  is  so  short, 
iind  the  Bngera  bo  much  elongated ^  that  their  tips  can  searcely  !>e  brought 
into  opposition;  and  the  thiunb  and  (ingers  are  so  weak,  Uiat  they  can 
never  be  opposed  ti>  each  other  with  any  d^^ee  of  force*  >Ience,  although 
well  united  to  chng  round  bodies  of  a  certain  size,  such  as  the  small 
branch^  of  trees,  *!tc.,  the  anterior  extrenaties  of  the  tjuadrumami  can 
neither  seize  very  minute  objects  with  guch  preciision,  nor  snp|)ort  largo 
ones  with  such  firmnen,  aa  are  eisentiaJ  to  the  dexterous  pertbrmanee  of 
a  variety  of  operations  for  which  the  hand  of  Man  ia  admirably  adapted. 
This  adaptation,  however,  is  not  obtaiued  hy  means  of  any  new  instru- 
mentality ;  for  tho  anterior  extremity  of  the  Orang  or  Chimijanzee  pos- 
fieaeee  not  only  every  bone,  but  every  muscle,  wlilch  is  found  in  that  of 
Man ;  and  its  only  structural  differences oonaist  in  the  pro^*ortionate  develop- 
ment of  the  several  components  of  these  organs  respectively. — But  the 
frmctional  powers  of  the  anterior  extremity  are  not  rehited  solely  to  its 
own  structure  j  since  tlie  use  that  can  be  made  of  the  limb  dejjcnds  in  part 
upon  ite  relations  to  the  body  at  liirge,  the  general  conformiition  of  which 
mu«t  lie  adapted  to  turn  its  special  capacity  to  ndvaniageous  account* 
Thuii  while  ^e  arm  of  tlie  higher  Apes  haa  aa  wide  a  range  of  motion  as 
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that  of  Man,  go  far  as  its  articulation  \s  conoemed,  it  ii  onlj  when  1 
animul  m  iti  the  erect  altitude  tliiit  the  limb  ciiu  have  iree  play*     A 
even  the  most  pei'fect  organ izii tioiv  of  the  haud  as  aii  instrumentfil  etn 
tare  would  be  coiii[mratively  valueless,  without  tlie  mind  by  which 
iictiona  are  prompted,  aiid  the  aenaes  hy  which  tlxey  are  guided* 

1 9,  The  Foot  of  Man,  in  like  manner,  differs  from  that  of  the  Higl 
Apes,  in  tltose  characters  which  Bi>ecially  adapt  it  to  the  support  of  1 
body  in  the  erect  postiu'e,  and  to  biped  progression  ;  in  which  adaptat" 
it  loses  much  of  that  prehensile  power  which  the  posterior  extremities 
the  higher  Quadrumana  poBaess  almost  eq^ially  witli  their  anterior.  ^ 
HumaE  foot  is,  in  pro4xirtion  to  the  size  of  tlie  w^hole  body,  larger,  broad 
and  stronger,  than  that  of  any  other  Mammal  save  tlie  Kangaroo* 
pkne  iM  directed  at  right  angles  to  that  of  the  teg ;  and  its  sole  is  conca 
m  tlnit  the  weight  of  the  body  tails  on  the  summit  of  an  arch,  of  wh 
the  OS  ciLJcis  and  the  metatarsal  bones  form  the  two  points  of  supp< 
This  arched  form  of  the  toot,  and  tlio  contact  of  the  whole  plantar  aurii 
with  the  ground,  are  peculiarly  noticeable  in  Man ;  most  of  the  A 
having  tlie  os  calcis  amall,  straightj  and  more  or  less  raised  £rom  ' 
gromid,  which  they  touch,  when  standing  erect,  w4th  the  outer  wide  oi 
of  the  loot  (Fig.  2)*  The  function  of  the  hulhtjCj  or  grciit-toe,  moreoi 
is  strikingly  contrasted  in  Man  and  the  Apes ;  for  wliilst  in  the  latte 
is  nearly  as  opjxiaable  as  the  thumb,  and  cmi  be  used  to  almost  die  su 
degree  as  an  instrument  of  prehension,  it  chiedy  serves  in  the  Ibmiei 
extend  the  basis  of  supixjrt,  and  to  advance  the  body  in  progression.  ] 
neither  in  its  ofsteologj*  nor  in  ita  myology  is  there  any  essential  difl 
ence  between  the  loot  of  Man  mid  the  posterior  extremity  of  the  big 
Apes ;  for  every  bone  and  every  muscle  in  the  one  has  its  counter| 
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in  the  other ;  and  there  is  nothing  which  really  assimilateg  the  postei 
to  the  anterior  extremity  of  the  Ape,  or  entitles  the  former  to  be  c 
Bidered  as  a  hand,  save  the  oppoeability  of  the  great-toe.  It  is  cert 
moreoveTj  that  this  faculty  is  not  originally  wantnig  in  Man,  althongl 
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may  be  destroyed  by  th^  disuse  produced  by  the  habit  of  enclosbg  the 
foot  in  rigid  investments ;  for  among  nations  by  whom  that  habit  is  not 
practised^  we  oilen  find  tljat  the  great -toe  can  be  suflSciently  opposed  to  the 
other  toes  to  render  tlie  foot  a  useliil  instrument  of  prehension,  and  that 
many  actions  are  commonly  peribrmed  by  its  mrans,  which  we  are  accus- 
tomed to  regard  ha  requiriDg  manual  agency.  And  in  the  case  of  indivi- 
dual among  ouraelves,  who  have  eitlier  been  congeni tally  deiieient  in  the 
anterior  extremities,  or  who  have  Babeequently  lost  them,  practice  only  has 
been  required  to  enable  the  posterior  to  be  turned  to  the  like  account. 

20.  Wben  the  comparison^  of  which  the  leading  points  Imve  now  lieeo 
sketched,  is  extended  further,  we  meet  >^^tb  differences  that  cannot  but 
be  accounted  of  iar  greater  importance,  both  in  degree  and  in  kind,  than 
those  already  enumerated.  Thus  in  the  entire  group  of  PlaU/rrhine 
Monkeys^  we  find  tliat  the  thumb  is  not  opposable,  but  rang<^  with  the 
other  digits,  so  that  it  can  only  be  used  consentaneously  iinth  them  in  the 
act  of  prehension ;  while  in  the  A  teles,  or  Spider  Monkey,  the  thumb  is 
altogether  wanting,  and  altljoogh  a  great-toe  is  present,  it  can  neither  be 
used  like  that  of  Man  for  sujJiiort,  nor  be  opposed  to  the  other  digits  as  in 
the  higher  Quadrumana,  the  [posterior  and  anterior  extremities  being 
strikingly  aaaiitdlated  in  strttcture,  and  lK>ing  alike  adapted  to  sterve  only 
as  elaspers.  Among  the  Baboons  and  Lemvirs^  moreover,  we  find  that 
tiie  conformation  alike  of  the  anterior  and  of  the  jxjsterior  extremities  is 
irach  as  to  asatmilate  them  at  least  as  much  to  the  lower  quadrupedal  as 
to  the  higher  quadntmanoua  tyj>e ;  so  tliat  between  the  two  extremes  of 
the  series  of  which  the  anthropoid  Apes  are  the  highoiit  and  the  Baboons 
and  Lemurs  are  the  lowest  members,  there  is  a  far  wider  interval,  aa 
regards  the  conformation  of  the  extremities,  than  that  which  separates  th^ 
former  from  Man. 

2L  The  next  seri^  of  distinctive  characters  to  be  considered,  are  thos^ 
by  which  Man  is  adaptecl  to  the  erect  attitude*  —  On  examining  his 
Cramum,  we  remark  that  the  occipital  condyles  are  bo  plactid,  that  a  per- 
pendicular dro|>ped  from  the  centre  of  gravity  of  the  hem\  would  nearly 
&II  between  them,  so  »  to  be  within  the  base  on  which  it  rests  upon  tlie 
spliud  column.  The  fcrmmen  magnum  h  not  placed  in  the  centre  of  the 
base  of  the  skidh  but  just  behind  it ;  m  that  the  (greater  specific  gravity 
of  tlie  posterior  part  of  the  head,  which  i.i  entirely  filled  with  solid  niatu^r, 
is  compensated  by  the  greater  length  of  the  anl^^rior  part,  which  conydns 
many  cavities.  There  is^  indeed,  a  little  over'Comi>ensation,  which  gives 
a  slight  prej-jonderance  to  the  front  of  the  head,  so  tliat  it  drops  forwartb 
and  downwards  when  all  the  muaeles  are  relaxed ;  bnt  the  muscles  at- 
tached to  the  back  of  the  head  are  far  larger  and  more  numerous  than 
those  in  fi-ont  of  tlie  condyles,  so  that  tbJey  are  evidently  intended  to 
counteract  this  disposition;  and  we  accordingly  find  ourselves  able  to  keej* 
up  the  head  for  the  whole  day  with  so  slight  and  involuntary  an  efibrt 
that  no  fatigue  b  produced  by  it.  Moreover,  the  plane  of  the  fommen 
magnum  and  the  surfaces  of  the  condyles  have  a  nearly  horizontal 
direction  when  the  bead  is  upright ;  and  thus  the  weight  of  the  skuU 
is  laid  vertic^y  upon  the  top  of  the  vertebral  col  am  n. — If  these  arrange- 
ments be  compared  with  those  which  prevail  in  other  Mammalia,  it  will 
be  found  that  the  foramen  and  condyles  are  placed  in  the  latter  much 
nearer  the  back  of  the  head,  and  that  Aeir  plane  is  more  obliriue.     Thus, 
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whlht  the  foramen  niapTiiim   is  fiitiiate<i  in  Man  jut^t  beliind  tlie  ce 
of  the  hiise  of  the  &kull^  it  is  found  in  tho  ('Kimpinsiee  and  Onuig  Ou 
to  occupy  the  middle  of  the  jjoBterior  tliird  (Fig.  3)  {   und^  or  we  de 
throngh  the  seale  of  Mam ni aha,  ^VQ  okHerve  tliat  it  gradually  apjiroad 
the  bnck  of  tlie  sknll,  and  at  last  conies  netirly  into  the  line  of  it«  loii| 
diameter^  as  we  see  in  the  Horse.     Agtiin,  in  all  Mammalia  except  7 
the  jilane  of  the  C5ondy]e»  le  obUque,  so  that,  even  It'  the  head  were  equ 
Iwdanced  upon  them,  the  force  of  gravity  would  tend  to  carry  it  forwd 
and  downwards ;  in  Man,  tiie  angle  whicli  they  make  with  the  hor 
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T£ew  of  tb«  bdCQ  of  tii«  Bkall  ef  Mant  coinpiorod  with  that  of  the  Oranff  Out&m, 

ta  very  small ;  in  the  Orang  Outan,  it  If  as  much  m  27^;  and  m  ' 
Horse,  their  plane  is  Yertieaf,  making  the  angle  90"^,  If,  therefore,^ 
natural  posttire  of  Man  wore  horiseontal,  the  plane  of  his  condyles  ^ 
he  hronghtj  like  that  of  the  Horse,  into  the  verticid  position ;  and 
hcad^  instead  of  being  nearly  biikneed  on  the  smiiniit  of  the  ve 
column,  would  hang  at  the  end  of  the  neck,  so  that  its  whole  weight  wo 
have  to  he  supported  by  some  external  and  conntantly-acting  power.  J 
for  this,  there  ia  neither  in  the  skeleton,  the  ligamentous  apj*aratus,| 
the  muscular  f?ysteni  of  Man,  any  adecpiate  provision ;  so  tliat  in  \ 
other  than  the  vortical  poaition,  his  head,  which  is  relatively  heavier  t3 
that  of  most  Mammalia,  woidd  be  supported  with  more  diiEcullyJ 
effort  than  it  is  in  any  other  animaL  | 

22.  The  position  of  the  Face  immediately  beneath  the  brain,  so  thaj 
front  is  nearly  in  the  same  plane  as  the  forehead,  is  peculiarly  chai 
teriBtic  of  IMan  ;  for  in  the  skulls  of  the  Chimpanzee  and  Orang,  wh 
approach  nearest  to  tliat  of  Man,  the  cranial  portions  are  rather  poste» 
to,  than  above,  the  Ikcial  (Figs,  4,  7).  The  projeetion  of  the  muj 
taken  iti  connection  with  tlio  obliquity  of  the  condjiesj  is  another  evidt 
of  want  of  [perfect  adaptation  to  the  erect  posture  ;  wliilst  the  abaenet 
prominence  in  the  fiiee  of  Man  shows  that  none  but  the  erect  jsosition 
he  natiira!  to  him.     For  aiippoaing  that,  with  a  head  formed  and  sitm 
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as  at  present,  he  wer*  to  move  on  all-fours,  hia  fkm  would  be  brought 
into  a  plane  parallel  with  the  grotind ;  bo  that  as  piinful  an  effort  would 
be  required  to  examine  with  the  eyes  an  objcjct  placed  in  front  oC  tJie 
body,  m  is  now  necessary  to  keep  the  eyes  fixed  on  the  zenitJi ;  the  nose 
woidd  then  be  jnea|>ncit!ite*l  for  receiving  any  other  odorous  emanations 
thao  those  proceeding  from  the  earth  or  from  the  body  itself;  and  tlie 
mouth  could  not  touch  the  ground  without  bringing  the  forehead  and 
chin  also  into  contact  witli  it.  Tlie  oblifjue  position  of  the  condyle  in 
the  Quadrumana  enables  them,  without  much  difficulty,  to  adapt  the  in- 
clination of  their  heads  either  to  the  horizontal  or  to  the  erect  posture  ; 
but  the  natural  position,  in  the  highest  among  them^  u  uuquestionahly 
one  io  which  the  spinal  cctlumn  is  inclined,  the  body  being  partially 
thrown  forwards  ho  as  to  rest  upon  the  anb^rior  extremities ;  and  in  tliis 
position,  the  &ce  ia  diret^tad  forwards  without  any  eflfort,  owing  to  tlie 
moik  in  which  the  head  is  obliquely  articulated  with  the  spine  (Fig-  7)* 

"23.  The  Crani  nm  of  Man  m  further  diatinguiahed  from  that  of  the  anthro- 
poid Ajjes^  not  merely  by  its  great  ciipacity,  but  also  by  its  smoothness;  its 
surface  being  almost  entirely  deficient  in  those  ridgan  for  the  attachment 
of  muscles,  which  are  reniarkahly  strong  in  both  the  Cthimpanxee  and  the 
Orang,  and  which  imi^art  to  its  configuration  sk>niewhat  of  a  caraivoroua 
ct.  This  aspect  is  strengthened  bj  the  great  deptli  of  the  temporal 
a»  and  by  the  extent  and  strength  of  the  zygomatic  arcli ;  featiu-ea 
that  are  most  remarkably  developed  in  the  Trofjhdfftes  goHlitt  (Fig,  7). 
Moreover,  the  jaws  in  even  the  most  degraded  races  of  Man  project  far 
less  irom  the  gejienil  plane  of  the  face,  than  they  do  in  the  Apes;  and  his 
teeth  are  arranged  in  a  contiauous  series,  without  any  hiatus  or  any  eon- 
eiderablc  difference  in  length :  whilst  all  the  Ajies,  in  their  adult  state  at 
least,  are  furnished  with  canine  teeth  of  extraordinary  length,  between  the 
sockets  of  which  and  those  of  the  adjoining  tcetli  (anteriorly  in  the  upper 
jaw»  and  posteriorly  in  the  IowcTj)  there  is  a  vacant  spice  or  *  diastema.' 
Even  in  the  moat  prognathous  Human  skulls,  moreover,  the  incisors  meet 
other  much  more  nearly  in  the  «ime  axis  than  they  do  in  the  anthro- 
_  oid  Apes,  in  which  they  form  an  angle  witli  each  other  tJjat  is  not  nearly 
so  divergent.  The  fusion  of  the  intermaxillary  or  premaxinary  bones 
with  the  superior  maxillary,  at  an  early  period  of  ili^tal  life,  is  a  remark- 
able character  of  the  Human  cranium»  as  distinguiahing  it  from  that  of 
the  Apes,  in  which  the  intermaxillary  bones  remain  separate  to  a  mucli 
later  period,  sometimes  differing  also  very  considerably  both  in  sijie  and 
shape.  Tlmsr  in  the  Troghdylm  gortUa^  these  bones  are  not  only  re- 
markable for  tiieir  prominence,  but  abo  for  their  upward  extension  round 
the  nostrils,  so  that  they  completely  exclude  the  maxillary  bones  from 
their  l>order9,  and  form  the  basis  of  support  for  the  naaal  l>oaes ;  and  aU 
though  they  coalesce  with  the  masdllaries  at  and  near  the  alveolar  portion, 
they  remain  separate  elsewhere*  The  lower  jaw  of  Man  is  remarkable 
for  that  prominence  at  its  symphysis  which  forms  the  chin  \  and  although 
tliis,  also,  is  least  developed  in  the  most  prognathous  Human  crania,  yet  it 
is  never  so  deficient  as  it  is  in  the  lower  jaw  of  the  Chimpan^iee  and 
Ornng,— It  is  curious  to  observe  that  the  ekuib  of  tlie  ifaung  of  Man  and 
of  the  anthrojioid  Apes  resemble  one  anotlier  ranch  more  than  do  those  ot 
the  aduiU;  each  tending  to  diverge,  in  its  advance  towards  full  develop- 
ment, :&om  a  type  which  seemed  almost  similar  in  both  (Figs.  4,  5,  6). 
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It  ifl  at  the  time  of  the  second  deiidtiou,  tJiat  the  muz^de  of  the  anth 
poid  Apes  acquire  ile  peculiar  elongation  aad  t^onaequeat  projectioii 
firont  of  the  forehead  (Figs.  3,  4);  and  the  whole  cast  of  tJie  feature 
altered  at  the  same  time,  so  that  it  approaches  much  more  to  that  of 
lower  Quadnmiana  than  would  be  supposed  from  observation  of  the  yon 
amma!  only,*  In  th^  Human  subject,  on  the  other  hantl^  we  see  % 
although  in  the  advance  from  childhood  to  adult  age,  tliere  b  a  pro^ 
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Vertical  »(!tii<ni  of  Skdl  of  FaptMrn  Hf^Hto, 

I  enlargement  of  the  iace  in  proportion  to  the  capacity  of  the  cr 

owity,  this  augmenUtion  is  comparatively  small  in  amount,  and  but  lifi 
afiecta  the  general  configuration  of  the  cmninm.f 

*  Fcne  but  jroung  ipecimfliu  of  the  ChimpiiiiEeQ  and  Omug  Otiian  have  eT«r  l4 
brouglit  aliTf  to  tEii  country  ;  And  they  haTo  neidr  long  Biirrir«d  the  period  of  lU 
wootid  dentition,  1 

f  See  Prof.  Owen*B  Puper*  on  the  Anatomy  of  the  Owujg  and  Cliimpa&i^,  ia  f 
"SoeitogiCAl  Traue&ctioDgif"  voU.  L  and  iii.  ;  and  Prof.  Vrolik  in  the  Art  Quadrttr"* 
in  yii  •*(^<jlopKdia  of  Anatomy  and  Physiology,"  Toh  iv. 
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24,  Tli€  great  size  of  the  cramal  portion  of  tbe  akxill  in  Man,  as  com- 
p^red  with  the  facial,  produces  a  marked  diiference  between  his  *  facial 
§ngW  and  tJiat  of  even  the  highest  Quadruniana,  According  to  Camprt 
who  first  applied  this  method  of  measurement,  the  *  facial  angle'  of  tha 
average  of  European  akulls  is  80^,  whilfit  in  the  ideal  heads  of  the  Grecian 
goda  it  h  increased  to  90*";  on  the  other  hand,  in  the  skull  of  a  Kalmuck 
he  found  it  to  be  75*,  and  in  that  of  a  N^ro  only  TO*';  and  appljT.ug 
the  same  qratem  of  measurement  to  the  dmUs  of  Apes^  he  fouad  them  to 
raoge  from  64**  to  60^  But  these  last  meavurementa  were  all  taken 
from  young  ekulls,  in  which  the  Ibrward  extension  of  the  jaws,  wliich 
takes  place  on  the  second  dentition,  had  not  yet  occurred.  In  the  adult 
Chimpanzee,  aa  Prof*  Owen  has  ahoim,  the  '  facial  angle*  (Figa*  4,  5,  6, 
A  o  p)  is  no  more  than  SS"",  and  in  the  adujt  Orang  only  30*";  so  that 
inatea<l  of  the  Negro  being  nearer  to  the  Ape  ihnn  to  the  European,  as 
Camper's  estimate  would  make  him,  the  interval  between  the  most  de- 
graded Human  races  and  the  most  elevated  Quadrumana,  is  considerably 
greater  than  between  the  highest  and  the  lowes^t  forms  of  Humanity,  It 
must  be  borne  in  mind,  however,  thnt  the  *  facial  angle^  is  so  much  affected 
by  the  degree  of  prominence  of  tiie  jaws^  that  it  can  never  affortl  any  cer- 
tain information  concerning  the  elevation  of  the  forehead  and  the  caf>acity 
of  tha  craniimi ;  all  tliat  it  can  in  any  degree  serve  to  indicate,  being  the 
relative  proportion  between  the  facial  and  the  cranial  parts  of  the  skull. 
Tliis  proportion  is  far  more  corpectly  determined,  as  Prof.  Owen  has 
shown/  by  vertical  sections  of  the  skulls  to  be  compared,  through  their 
median  planes  (Figs.  4,  5,  6) ;  and  from  an  extended  comparison  of  such 
sections  it  appears  that  whilst  the  difierence  between  the  cranial  cavity 
of  tlie  higher  Apes  and  that  of  Man  is  rather  one  of  relative  si^e  than  of 
conformadon,  there  is  a  far  more  strongly-marked  dilference,  not  only  in 
relative  size  but  also  in  conformation^  between  the  cranial  cavities  of  the 
higher  and  those  of  the  lower  Quadrumana,  the  latter  being  not  only  far 
less  capacious  in  proportion  to  the  size  of  the  body,  but  being  also  dis- 
posed in  such  a  manner  that  its  long  diameter  comes  to  be  continuous  (as 
in  Quadrupeds  generally)  with  the  axis  of  the  spinal  canal,  instead  of 
crossing  it  nearly  at  right  angles  as  in  Man. 

25,  The  Vertfbral  CQlujmi  in  Man,  although  not  absolutely  straight,  has 
its  curves  so  arranged,  tliat,  when  the  body  is  in  an  erect  posture,  a  ver- 
tical  line  from  its  summit  would  tall  exactly  on  the  centre  of  its  base.  It 
increases  considerably  in  size  in  the  lumbar  region,  so  as  altogether  to  be 
somewhat  pyramidal  in  form.  The  lumbar  portion  in  the  Chimpanzee 
and  Orang  is  not  of  the  same  proportional  strength,  and  contains  but  four 
vertebrffi  instead  of  five.  The  processes  for  the  attachment  of  the  dorso- 
eptnaJ  musdes  to  this  part  are  peculiarly  h^vge  and  strong  in  Man  ;  and 
this  arrangement  is  obviously  atkpted  to  overcome  the  tendency  which 
the  weight  of  the  viscera  in  front  of  the  column  wouJd  have  to  draw  it 
forwards  and  downwards.  On  the  other  hand,  the  spinous  procesaea  of 
the  cervical  and  dorsal  vertcbree,  which  in  other  Mammalia  are  lai^  and 
strong  for  the  attachment  of  the  ligaments  and  muscles  that  support  the 
head,  and  which  are  peculiarly  pronounced  in  the  Gorilla  (Fig.  7),  hare 
comparatively  little  prominence  in  Man,  his  head  bemg  nearly  ba- 
lanced on  the  top  of  the  column. — The  base  of  the  Human  vertebral 

•  **  Zoological  TrftUBwUsmi,"  vol  it.,  p.  77  d  »ef. 
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the  iliac  bones  m  much  I^a  than  in  Man;  their  rarfaces  are  nearly 
pai^llel  to  that  of  the  sacrmn,  which  ifi  itself  longer  and  narrower ;  and  the 
axis  of  the  peMais  nearly  parallel  with  that  of  the  vertebnil  cohimn.  The 
position  of  the  Human  femur  in  which  its  head  is  moHt  securely  retained  in 
its  deep  acetabulum,  is  that  which  it  has  whea  supporting  the  body  in  the 
erect  attitude ;  in  the  Chimpanzee  and  Orang  its  analogous  poajtion  is  at 
an  oblique  angle  to  the  long  axis  of  the  pelvii,  so  tl^at  the  body  leans 
forwards  in  hoot  of  it  (Fig.  7) ;  in  many  Mammalji^  as  in  tlte  Ele- 
phant, it  forma  nearly  a  right  angle  with  the  verticbral  cohimn ;  and  in 
several  otlicra,  as  the  Horse,  Ox,  &c.  the  angle  which  it  makes  ^4th  the 
axis  of  the  pelvis  and  vertebral  column  m  acute.  In  these  res|>ects,  then, 
the  skeleton  of  Man  jiresents  an  adaptation  to  the  erect  ftosturo,  which 
18  exhibited  by  tliat  of  no  other  Mammal ;  but  that  of  the  anthropoid 
ApeE  preaents  a  far  nearca*  approximation  to  the  Human  model  in  all  the 
foregoing  particularH,  than  it  does  to  that  of  the  lower  Quadrumitna, 

2G.  There  is  a  considerahle  diiference  in  the  form  of  the  trunks  between 
Man  and  mosrt  other  Mammalia  j  for  his  thorax  is  expanded  laterally,  and 
iktteiied  in  front,  i?o  as  to  prevent  tJxe  centre  of  gravity  from  being  carried 
too  fiir  forwards ;  and  his  sternum  le  short  imd  broad.  Between  the  bony 
walls  of  the  tliorax  and  the  margin  of  the  pelviii,  a  conaiderable  space 
int-ervenes,  M'hich  is  occupied  solely  by  muscles  and  tegumentary  mem- 
branes; and  these  would  be  quite  insufficient  to  sustain  the  weight  of  the 
viscera,  if  tlie  habitual  position  of  the  trunk  had  been  horizontal — In 
these  particulars,  however,  the  moat  anthropoid  Apes  agree  more  or  less 
completely  with  Man. 

27.  Tlie  immr  extretmiies  of  Man  are  remarkable  for  their  relative 
length,  which  ia  greater  than  that  which  we  find  in  fmy  otlier  Mammaba, 
except  the  Kangaroo  tribe.  The  chief  difference  in  their  proportions  be- 
tween Man  and  the  semi^erect  A|>es,  is  seen  in  tlie  thigh  ;  and  it  ia  from 
the  relative  lengdi  of  this  part  in  him,  as  well  m  from  the  comjarative 
shortness  of  his  anterior  extremitiee,  that  his  haods  only  reach  die  middle 
of  his  thighs,  whilst  in  the  Chimpanzee  tliey  hang  on  a  level  with  the 
knees  (Fig.  7),  and  in  the  Orang  they  descend  to  the  ankles  (Plate). 
The  Human  lemur  is  distinguiflhed,  however^  by  its  form  and  position,  as 
well  aa  by  ita  length.  The  obliquity  and  length  of  its  neck  stiQ  further 
Inere&fie  the  breadth  of  the  hipa ;  whilst  they  cause  the  lower  extremities 
of  the  femora  to  be  somewhat  obliqneJy  directed  towards  each  other,  ao 
that  the  knees  are  brought  more  into  the  line  of  the  axis  of  the  body. 
This  arrangement  ia  obviously  of  great  use  in  iacilit&ting  the  purely  l/ipetl 
progression  of  Man»  in  which  the  endre  weight  of  the  body  has  to  be 
alternately  supported  on  each  limb  ;  for  if  the  knees  had  been  kept  fiirther 
apart,  the  whole  body  must  have  been  swung  from  side  to  side  at  each  step, 
BO  as  to  bring  the  centre  of  gravity  over  tlie  top  of  each  tibia;  as  is  seen 
to  a  certain  extent  in  the  female  aes,  whose  walk,  owing  to  the  greater 
breadth  of  the  j>elvis  and  the  separation  between  the  knees,  ia  less  steady 
than  that  of  the  male.  There  m  also  a  marked  diflerence  between  the 
knee-joint  of  Man,  imd  that  of  even  the  highest  Apes,  In  the  former,  the 
opposed  extremities  of  the  femur  and  the  tibia  are  so  expanded  as  to  pre- 
sent a  very  broad  articulating  surface,  and  the  internal  condyle  of  the 
femur  being  the  longer  of  the  two,  the  two  condyles  are  in  the  same  liori- 
siontal  plane  in  the  usual  oblique  position  of  that  bone ;  so  that  by  tliis 
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flrrangementj  the  whole  weight  of  the  bodj,  in  its  erect  postiire,  M. 
tlcaQy  on  the  top  of  the  tibia ^  when  the  joint  is  m  t!ie  firmest  positioii 
which  it  can  be  pJaced,  The  knee-joint  of  the  Orange  on  the  other  h^ 
is  compartttively  deficient  in  extent  of  Jirticulatmg  aurikce ;  and  its  wh 
couforaiELtion  indlcatea  that  it  is  not  intended  to  serve  aa  more  ttjaJ 
partial  aupport^^ — In  reja;rird  to  the  general  conibmiation  of  the  honed 
the  extremities^  it  may  be  most  explicitly  affirmed  that  the  diifereij 
which  undoubtedly  exist  between  Man  and  the  anthropoid  Apes  are  nij 
less  considerable  than  those  which  present  themselves  between  the  hi 
and  those  Balioons  and  Lemurs  whose  ordinary  mode  of  progreasioi^ 
quQilrupfdaL  And  tlius,  after  contrasting  one  part  ailer  another  of  j 
ikeleton  of  Man  with  the  correspond ing  pajts  of  the  skeleton  of  the  hi^ 
Apes,  we  are  led  in  eveiy  instance  to  tlie  Bame  conclusion*  It  is  qt 
true  that  between  Man  and  those  Apes  which  approach  him  most  cloai 
there  is  a  wider  hiatua  tluui  we  usually  meet  with  between  the  meml^ 
of  the  Quadrumanous  seriei^  which  as  a  whole  presents  a  remarkably  A 
dational  transition  between  its  higher  and  lower  forms  ;  and  the  exists 
of  this  hiatus  has  been  used  as  an  fu-gument  for  ranking  Man  in  a  distli 
Order.  But  sincet  as  we  ascend  that  series,  we  witness  a  graduaJ  U 
dency  towards  the  anthropoid  form^  and  since  in  passing  from  the  liigB 
Apes  to  Man  we  only  come  somewhat  abruptly  upon  the  culmmatioQ) 
that  aacent  without  being  led  off  in  any  other  direction,  it  would  be  ci 
trary  to  the  whole  idea  of  Zoological  classification  to  place  Man  in  a  d 
tinct  cat^ory  from  them  as  regards  his  corporeal  structure,  whatever  I 
may  think  it  right  to  do  when  we  take  hia  psychical  constitution  il 
account,*  And  it  is  to  be  borne  in  mind  that  this  hiatus — like  mi 
almilar  gaps  in  our  classification  of  existing  animals  which  have  been  ill) 
up  by  the  progress  of  palflsontological  research — mat/  he  simply  due , 
that  extinction  of  intermediate  forms  which  {there  is  constantly  increj 
ing  reason  to  believe)  has  taken  place  in  past  ages  of  the  Earth's  histoi 
to  an  extent  of  which  the  remains  hitherto  known  to  us  afford  but  a  vt 
imperfect  idea.  That  it  maif  not  be  completely  bridged'Over  by  such  j 
termediate  links,  no  one  has  any  right  to  affirm  upon  negative  evideii 
only  J  more  esjjecially  in  the  face  of  the  positive  evidence  afforded  by  la 
recent  discovery  of  a  very  remarkable  fragment  of  a  skull,  which,  whi 
unquestionably  Human,  resembled  that  of  the  Gorilla  in  the  comparati 
low^neiis  of  its  vaidt,  the  smaUness  of  its  capacity ^  and  the  eKtraordijia 
prominence  of  its  stipercihary  ridges,  j" 

28.  The  most  characteristic  peculiarity  of  the  Human  Jf^olofff/,  is  t| 
great  development  of  those  muM:les  of  the  trunk  and  limbs,  which  ca 
tribute  to  the  maintenance  of  the  erect  posture.  Thus,  the  gastrocnem 
and  the  other  muscles  which  tend  to  keep  the  leg  erect  upon  the  foi( 
form  a  much  more  prominent  *calf*  than  is  seen  either  in  the  ml 
anthropoid  Apes,  or  in  any  other  animal.  80,  again » the  extensors  of  ty 
leg  upon  the  thigh  aie  mtich  more  powerful  than  the  flexors ;  a  charac^ 

*  Wo  meet  with  a  aimilarlj  abrnpt  tmiiaition  at  tlie  oth^r  extremitj  of  the  Bene%J 
tlie  CheirnTnyt  or  Aye-aje  ;  an  animal  which  Zoologists  now  n^ee  to  mnb  among  1 
Quadriniiaaa  ia  rirtue  of  ita  general  Lemanne  aUinitii^  ai though  la  dentition  aj 
ievmnl  otber  particalarB  it  bears  so  strong  &  reaembhinee  to  tb«  RodotitB  ai  to  h4 
bo«fl  pbeed  lioiong  them  bj  Cuvier.  ] 

+  %e  **  Natural  History  Review/*  voL  L,  1861,  p.  155  ;  and  Prut  Huxley  *Ou«ci| 
Foisil  Remains  of  Miui,*  in  hts  **Kndence  as  to  Man's  Phic©  in  Nature/'  1863. 
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wbicli  IB  peciiliar  to  Man.  Tl^e  glutei,  by  which  the  i>elvis  m  kept  erect 
upon  the  thigh^  are  of  tar  greater  si^e  than  ia  el^where  seen.  The 
superior  power  of  the  miiscleB  tending  to  draw  the  head  and  spine  hack- 
wardstj  has  been  akeadj  referred -to.  Among  the  dLfTerencee  in  the  attach- 
ment of  individual  miia^ilea,  it  may  be  noticed  that  the  *  flexor  longus  pollicis 
pedis'  proceeds  in  Man  to  tho  great  toe  alone,  on  which  the  weight  of  the 
body  is  often  supported ;  whibt  it  is  attached  in  the  Chimpanzee  and 
Oraug  to  the  three  middle  toes  also.  The  *  latissimus  dorsi'  ie  destitute  in 
Man  of  that  prolongation  attached  to  the  olecranon,  which  is  found  in 
the  lower  Mammal Ja,  and  which  exists  even  in  the  Chimimnzee,  probably 
giving  aa^fitance  in  its*  climbing  operatione.  The  larger  size  of  the  muscles 
of  the  thumb,  is,  as  might  be  expected,  a  characteristic  of  the  hand  of 
Man;  although  the  number  of  muscles  by  which  that  digit  is  moved,  is  the 
same  in  the  Chimpanzee  aa  in  the  Human  subject.  The  separation  of  tlie 
*  extensor  digiti  indicis/  however,  as  a  distinct  mnsclCj  is  peculiar  to  Man. 

29.  The  Visceral  apparatus  of  Man  presents  very  few  cliaracteriBtic 
pecidiarities,  by  which  it  can  be  distiiignislied  from  that  of  the  higher 
tiuadramaua ;  among  the  most  remarkable  is  the  absence  of  the  kiyngeaE 
pouches,  which  exist  even  in  the  Chimpanzee  and  Orang  Outan,  as  dila- 
tations of  the  laryngeal  ventricles.  Of  tlie  anatomy  of  the  last-named 
animals  in  their  adult  condition^  however,  we  know  as  yet  too  little  to 
enable  ita  conformity  to  that  of  Man  to  be  coufideutly  proaoimeed-upon. 

30.  The  Brain  of  Man  does  not  differ  so  much  in  conformation  from 
that  of  tlxe  ChimpiuwEee  and  Orang,  as  the  superiority  of  hia  mental 
endo\¥ineuts  might  have  led  us  to  anticipate.  The  following  are  tlie 
principal  differences  which  it  seems  to  present: — 1.  The  mass  of  the 
entire  brain  is  considerably  larger  in  proportion  to  that  of  the  body,  and 
in  proportion  also  to  the  diatuetor  of  the  spinal  cord  and  of  the  nervea 
which  are  connected  with  it. — 2.  In  the  external  configuration  of  the 
Cerebrum^  we  notice  that  ita  anterior  lobes  project  furtlier  beyond  the 
Hhinencephalon,  or  Ol&ctivG  Ganglion,  than  they  do  in  the  highest 
Qiiadrumana  ;  a  difference  which  is  well  marked  in  the  sectional  contour 
of  tije  brain-case,  the  rhinencephalic  fossa  of  the  Onuig  {Fig.  4,  rh)  lieing 
at  ita  most  anterior  part ;  whilst  eveu  in  the  least  elevated  forma  of  the 
Human  ikidl,  this  fossa  (of  which  tJie  cribriform  pJate  of  the  ethmoid 
lione  constitutes  the  Hoor)  has  no  inconsidrable  part  of  the  cranial  cavity 
in  front  of  it  (Fig.  6,  rh). — ^3.  The  posterior  lobes  also  are  more  developed, 
so  as  to  project  liirther  beyond  the  Cerelielhim  than  tliey  do  in  the 
Quadrumana  generally. — 4.  The  Convolutions  are  more  numerous  and  com- 
plex, and  usually  more  or  less  nnsymmetricah  and  tlie  sulci  are  deeper. 
It  appears,  however,  that  in  the  lower  races  of  Mankind,  the  brain  pre- 
sents, both  in  the  simplicity  and  the  precise  ^imnetry  of  its  convolutions, 
a  much  closer  approximation  to  the  Quadrumanous  type  than  it  does 
in  the  higher. — 6.  On  examining  the  internal  structure,  it  is  found 
that  the  |>er*plieral  layer  of  grey  matter  is  thicker,  the  corjius  caJlosum  ex- 
tends further  bick  wards,  and  the  posterior  comua  of  the  lateral  ventricles 
arc  relatively  longer  and  larger  than  they  usually  are  in  Quadrumana.*— 
(i.  The  Cerebellum,  also,  is  proportionally  larger. 

•  It  hw  been  reeently  3S5«rted  by  Froi  Owea  ("Jouraal  of  the  PnMjeedmgi  of  the 
Ltaisaa  8«oiety,"  toL  ii.  p.  10)  that  the  exiileDce  of  the  posterior  lobes  of  tho 
CerebmiD,  of  the  povteriori^rnua  of  the  latezml  Teiitrid«%  and  of  the  hippocAmpuA 
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31.  The  Bmall  nize  of  the  face  of  Mam,  compared  with  that  of 
cnmiiim,  is  an  indiciitton  that  in  him  the  setises  are  aiibordinato  to 
iiittiUgemie^     Accordingly  we  find  that  while  he  is  siirpaaaed  by  matii 
the  lower  aninials  in  acuteiie&s  of  sensibility  to  light,  sound,  &c.,  he  staj 
pre-eminent  in  the  power  of  comijaring  and  judging  ol'  hi9  sensEitions,  i 
(tJ'  thence  drawing  concluaiona  aa  to  their  objective  aourcea^     Moreoi 
although  none  of  liia  senses  are  very  acute  in  hia  natural  stiite,  tliej  i 
aU  moderately  so ;  and  they  are  capable  of  being  wonderfully  improF^ 
by  practice,  when  cireumstanoes  strongly  call  for  their  exercise,     T 
eeeme  especially  the  ciLae  with  the  tactile  sense,  of  which  Man  can  ni| 
greater  use  than  any  other  animal,  in  consequence  of  the  entire  fri 
of  his  anterior  extremities;  although  there  are  many  which  surp^ias  hi: 
their  power  of  appreciating  certain  classes  of  tactile  impressiona 
again,  Man*s    nervo-muscular  power  is  inferior  to  that  of  most 
animals   of  his   size:    tlie    full-grown    Orang,   for   exaniple, 
him  both    in  strength  and  agility ;     and  the  Gorilla,  according  lo  j 
statementa  of  the  Negroes  who  have  encountered  itj  is  more  than  a  mat 
for  any  single  nian^  ^md  is  almost  certain  to  destroy  any  human  opponi 
once  within  hid  grasp, — ^The  absence  of  any  natm-al  weapons  of  oifenj 
and  of  direct  means  of  defence,  are  remarkable  characteristics  of  Man,  ai 
difitinguish  him  not  only  from  tlie  lower  Mammalia,  but  also  from  t 
most  anthropoid  Apes ;  in  wliich  it  is  obviouja  (both  from  their  habits  aj 
general  orgjinization)  that  tlie  enormous  t^ninea  have  no  relation  tA 
Cioriiivorous  regimen,  but  are  instrumenta  of  warfare-     On  those  animj 
to  which  Nature  haa  denied  w^efi]XJns  of  attack,  she  has  l>egtowed  8|>ed 
means  either  of  j^iasaive  defence,  of  concealment,  or  of  flight;  in  eadb 
which  Man  is  relatively  deficient.     Yet  by  the  superiority  of  his  reai 
he  has  been  enabled  not  only  to  resist  tlie  attacks  of  other  animals^  }i 
even  to  bring  them  into  subjection  to  himself.     His  intellect  can  scaroi 
suggest  the  mechanism  which   his  hands  cannot  frame ;  and  he  has  i 
vised  and  constructed  arms  more  powerful  than  those  which  any  ereatn^ 
wields,   and  defences   so  secure  as  to   defy  the  assaults  of  M  but  1 
fellow -men.  H 

32,  Man  ia  further  remarkable  for  his  extraordinary  jvower  of  adaplj 
tion  to  varieties  in  external  condition,  which  readers  him  to  a  gr^ 
e]rteat  independent  of  them.  lie  is  cj^imble  of  sustidning  the  highest  | 
well  as  the  lowest  extremes  of  temperature  and  of  atmoapberic  pressiJl 
In  the  former  of  tliese  particular  a,  he  ia  strikingly  contrasted  with  tl 
anthropoid  Apes;  the  Gorilla  and  Cliimjianzee  being  reatrieted  to  tl 
hott-cst  parts  of  Africa,  and  the  Orang  Outjin  to  the  tropical  ftortionsi 
the  In(h»n  Areliipelago ;  and  neitlier  of  these  ammals  being  capable  I 
living  in  temperate  climates  without  the  assistance  of  artificial  heat,  e^  * 
with  the  aid  of  which  they  have  not  hitherto  long  survived  their  0e< 
dentition.  So,  again,  although  Man's  diet  seems  naturally  of  a  mi: 
character,  he  can  support  himseh'  in  health  and  strength  either  on  an 
clusively  vegetaljle  diet  or  on  an  almost  exclusively  animal  rogbnen, 

EniQor  which  proj^ct^  into  each  pornu,  k  p«cmljJir  to  the  gen  as  Mmim.  Hc^w  at  range 
inooaeiatent  is  this  afisgrttcin  with  th«  t^yll-koowD  and  ceiiAtni^-aseertaiii^  facta  of  tl 
CilM,  bai  beea  coacLnai?ely  shown  hy  Frof,  Iluxtej  in  hia  Memoir  *  On  the  Zoologic 
Eel&tiona  of  Maq  with  the  Lower  AmmaKMn  th«  '  ^  Natural  History  Her lew, "  Jk 
186 Ip  p.  71  et  *eq.  i  and  the  chief  p^uiits  uf  the  i^iairovemy  have  isfuce  becti  liucekieli 
«4«t«U  itt  hh  ''Evidenqe  ju^  to  Mau\  Vkn'Q  Iti  Kuturu,^^  1863. 
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33*  The  a!aw  growth  of  Man,  and  the  length  of  time  during  which  he 
remains  in  a  state  of  dependence,  are  peculiarities  that  remarkably  dis- 
tinguiah  him  Iroin  alJ  other  animals.  He  m  unable  to  obtain  his  own 
food  dmmg  at  lea^  the  iixat  tltiee  years  of  his  life;  atid  he  doea  not 
att^n  to  his  fuU  bodily  stature  oad  n cental  capacity  untU  he  ia  more  than 
twenty  years  of  age.  This  retartktion  of  the  developmental  process 
seems  to  have  reference  to  tlie  high  grade  wluch  it  is  ultimately  to  attain ; 
for  everywhere,  tJiroughont  the  OTganixed  Creation,  do  we  obaerre  that 
the  most  elevated  fornis  are  those  which  go  through  the  longest  pre- 
paratory stages,  and  of  which  the  evolution  is  most  dependent  upon  tlie 
afisistance  aftbrdeil  by  the  parental  organism  during  its  earlier  periods. 
The  pectdiar  prolongation  of  this  state  of  dependence  in  the  Ilmnan 
species,  lias  a  most  important  and  evident  eiFect  upon  the  social  conthtion 
of  the  race ;  being,  in  fact,  the  chief  source  of  family  ties,  and  aflTording 
the  opfjortunity  for  those  processes  of  education,  direct  and  indirect,  which 
transmit  to  the  rifing  generation  tlie  iufiuence  of  the  intellectual  culture 
and  mond  training  of  the  past. 

54.  Still,  however  widely  Man  may  be  distinguished  from  other  animals 
liy  these  and  other  parti cniars  of  his  structure  and  economy ,  he  is  yet 
iiiore  distinguished  by  those  mental  endowments,  and  by  the  habitudes  of 
life  and  action  thence  resulting,  which  must  be  regarded  as  the  essential 
characteristics  of  Humanity.  It  is  in  adapting  himself  to  tlie  conditions 
of  his  existence^  in  providitig  hima**lf  witli  food,  shelter,  weapons  of  attack 
and  defence,  <&c,,  that  Man's  inteUectiuJ  powers  are  first  called  into  active 
ojieration  5  but  when  thus  aroused,  their  development  has  no  assignable 
limit.  The  Will,  guided  by  the  intelligence^  and  acted-on  by  the  desirea 
and  emotions,  takes  the  place  in  Man  of  the  Instinctive  propenjaities  which 
are  usually  the  immediate  springs  of  action  in  the  lower  animals ;  for 
although,  among  the  most  derated  of  th^e,  a  high  amount  of  Intelligence 
is  exhibited,  jet  its  operations  seem  to  be  always  directly  attributable  To 
ejctemal  suggeationa,  pr^ent  or  remembered ;  and  the  character  never 
rises  beyond  that  of  the  child.  In  fact,  the  correspondence  between  the 
l>Bychical  endowments  of  the  Chimpanzee,  and  thoseof  aCMld  of  tliree  years 
old  who  has  not  yet  b^un  to  sjjeak^  is  very  close. — One  of  the  most 
important  aids  in  the  iise  and  development  of  the  Human  mind,  is  tlxe 
cjipacity  for  articulate  gpeech  ;  of  which,  so  far  as  we  know,  Mixn  is  the  only 
animal  in  possession.  There  is  no  doubt  that  many  other  species  hare  cer- 
tain powers  of  communication  between  individuals;  but  these  are  proljably 
very  limited,  and  of  a  kind  more  aUied  to  "  the  language  of  signi  "  than 
to  a  proper  verbal  language.  In  &ct,  it  is  obvious  that  the  use  of  a 
language  conjpose*l  of  a  certain  number  of  distinct  sounds,  combined  into 
words  in  a  multitude  of  difierent  modes,  requires  a  power  of  intellectual 
abstraction  and  generalization,  in  which  it  appears  tJjat  tlie  lower  animals 
are  aJtogether  deficient.  80,  again,  verbal  language  affords  the  only 
means  whereby  abstract  ideas  (^m  be  oommunicated  ;  and  those  who  have 
pertised  the  interesting  narrative  given  by  Dr.  Howe  of  his  succesaftil 
training  of  Icaiira  Bridgeman,  will  remember  how  marked  was  the  im- 
provement in  her  mental  condition,  from  the  time  when  slie  first  appre- 
hended the  fiict  that  she  could  give  such  distinct  expression  to  her 
thoughts,  feeEugs,  and  desires,  as  diould  secure  their  being  csomprehended 
by  others. 
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35*  The  capacity  for  inUUecUml  progress  is  a  moat  retnarloiHe  \ 
liarity  of  Mau^s  psychical  'nature.     The  iDstiuGtive  habits  of  the  loi| 
Anuoals  are  limited,  are  peculiaj  to  each  species,  and  have  immedij 
reference  to  their  botUIy  wants..     Where  a  particular  adaptation  of  me^ 
to  endsj  of  actions  to  circunistanceB,  is  made  by  an  individnal,  the  rest 
not  seem  to  profit  by  tliat  experience ;   so  that,   althongh  the  instill 
of  particular  animals  may  be  modified  by  the  training  of  Man,  or  by  t 
education  of  circumfitaiice%  ao  as  to  show  themselTea  after  a  few  genei 
tions  under  new  forms,  no  elevation  in  intelligence  appears  ever  to  ta 
place  BjwntaneouBly,  no  psychit^id  improvement  is  manifested  in  the  sped 
at  birge.     In   Mim,   on  the   other   hand,    we   observe   not   merely   t 
capability  of  profiting  bj-  experience,  hut  the  determination  to  do  m 
wliich  he  is  enabled  to  put  into  action  by  the  power  which  his  W 
(when  properly  disciplined)  comes  to  poasesa,  of  directing  and  controlli 
his  current  of  thought,  by  fixing  his  attention  upon  any  subject  which 
desires  to  keep  before  his  mental  vision.     This  power,  so  ^  as  we  knoi 
is  peculiar  to  Man ;  and  the  presence  or  absence  of  it  constitutes  d 
difierence  between  a  heing    possessed  of  power  to  determine    his  oil 
course  of  thought  and  action,  and  a  mere  thinking  automaton- 

3fJ,  Man's  capacity  for  progress  is  connected  with  another  element 
his  nature,  which  it  is  difficult  to  isolate  and  define,  but  which  ini 
peaetnites  and  b lends- wit!i  his  whole  psychical  chtiracter.  "  The  Soul,**' 
has  been  remarked,  **  is  that  side  of  our  natiu'e  which  is  in  relation 
the  Infinite  ; "  and  it  is  the  existence  of  tliis  relatioui  in  whatever  'way  ^ 
may  describe  it,  which  seems  to  constitute  one  of  the  most  distinctil 
peculiarities  of  Man*     It  is  in  the  desire  for  an   improvement  in  n 
oondition,  occasioned  by  an  aspiration  a:ftar  something  nobler  and  pBrd 
that  the  main^spring  of  human  progress  may  be  said  to  lie ;  among  l| 
lowest  races  of  mankind,  the  capacity  e.^cists,  but  the  desire  seems  dormaii 
When  once  thoroughly  awakened,  however,  H  seems  to  "  grow  by  will 
it  feeds  on;"  and  the  advance  once  commenced,  little  e:xternal  stimuluaj 
needed  ;  for  the  desire  increases  at  least  as  fast  as  the  capacity.     In  t|{ 
higher  grad^  of  mental  development,  there  is  a  continual  looking-upwarr 
not  (fis  in  the  lower)  towards  a  more  elevated  Hnman  standard,  but 
once  to  something  beyond  and  above  Man  and  Material  Nature.     Tl 
seema  the  chief  source  of  the  tendency  to  believe  in  some  unseen  existen( 
which  may  take  various  forms,  but  which  seems  never  entirely  absei 
from  any  race  or  nation^  although,  hke  other  innate  tendencies,  it  mi 
be  deficient  in  individuals.    Attempts  have  been  made  by  some  travellfl 
to  prove  that  particuLir  nations  are  destitute  of  it ;  but  such  aasertioi 
have  been  baaed  only  upon  a  limited  acquaintance  with  their  habits  f 
thought,   and  with   their  outward  obseri^ances ;  for  there  are  probabl 
none  who  do  not  possess  tlie  idea  of  some  invisible  Power,  external 
themselves,  wIjoekj  favour  tliey  seek,  and  whose  anger  they  deprecate, 
sacrifice  and  other  ceremonials.     It  requires  a  higher  mental  cuJtivati 
than    is  commonly  met- with,  to  conceive  of  this  Power  as  having 
spiritual  existence  ;  but  wherever  the  idea  of  Spirituality  can  be  delia 
this  seems  connected  with  it.     The  vulgar  readiness  to  believe  in  ghosH 
demons^  &c*,  and  the  vagjiriee  of  tlie  sa-ealled  *  Spiritualists  *  of  rec< 
times^  are  only  irregular  or  depraved  manifestations  of  tl>e  same  tendeni 
*  Closely  connected  with  it,  is  the  desire  to  participate  in  this  spiril 
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existence ;  of  which  the  germ  has  been  implanted  in  the  mind  of  Man, 
and  which,  developed  aa  it  is  by  the  mental  cultivation  thut  ia  ahnost 
neofflsary  for  the  formation  of  the  idea,  has  been  regarded  by  philoso- 
pherfl  in  all  agea  aa  one  of  the  chief  iiatimd  arguments  for  the  inmiortalitj 
of  the  soul.  By  this  immortal  aoulj  Man  is  collected  with  that  higher 
order  of  being,  in  which  IntelJigence  exifila,  untrammelJed  by  that  corporeal 
Dieclianiam  throngh  which  it  here  operates ;  and  to  this  Btate, — a  state  of 
more  intimate  eommunion  of  mind  with  mind,  and  of  creatures  with 
their  Creator, — ^he  ia  encouraged  to  aspire,  a»  the  reward  of  hiii  improve- 
ment  of  the  talents  here  committed  to  hiB  charge. 


CHAPTER  ra. 


OF   FOOD,    AND    THE    DIGESTIVE    PK0CE8S. 
1,  Of  Food,  its  N'aivre  arid  Deaiinaimn. 

37-  The  mibstancea  which  are  required  by  Animals  for  tlie  develop- 
ment and  maintenance  of  their  fabric,  are  of  two  kinds ; — the  Organic 
and  the  Inorganic.  The  Organic  alone  are  commonly  reckoned  aa 
aliments ;  but  the  latter  are  really  not  leas  requisite  for  the  sustenance 
of  the  body^  which  speedily  disintegrates^  if  the  attempt  be  made  to  sup- 
port it  upon  any  Organic  compounds  in  a  state  of  purity.  In  all  ordinary 
articles  of  diet^  however,  the  Inorganic  matters  are  present  in  the  requisite 
proportion  ;  and  hence  it  is  that  tlie  necessity  which  exists  for  their  em- 
ployment has  very  commonlj  escaped  notice. 

38.  The  Organic  compounds  usually  employed  as  food  by  Man,  are 
partly  derived  from  the  Animal,  and  partly  from  the  Vegetable  kingdom ; 
and  they  may  be  conveniently  arranged  under  the  four  foUowing  heads  :• 
— L  The  Saccharine  group,  including  all  those  subfltancei^  derived  from 
the  Vegetable  kingdom,  which  are  analogous  in  their  composition  to 
Sugar  ;  consisting  of  oxygen,  hydrpgen,  and  carbon  alone  ;  and  having  the 
first  two  components  imited  in  the  proportions  to  form  water.  To  this 
group  belong  starch,  gum,  woody- fibre,  and  the  cellulose  of  PJants,  which 
closely  resemble  each  other  in  the  proportion  of  their  elements,  and 
which  may  be  converted  into  Sugar  by  chemical  processes  of  a  simple 
kind ;  whilst  Alcohol,  which  is  derived  from  Stigar  by  the  process  of  fer- 
mentation, has  a  0001  position  which  rather  eonnecta  jtwith  the  next  group. 
— 2,  The  Oltaginous  group,  including  oily  matters,  whether  derived  from 
the  Vegetable  kingdom,  or  from  the  fatty  portions  of  Animal  bodies* 
The  characteristic  of  this  class  lies  in  the  great  predominance  of  hydro- 
gen and  carbon,  the  small  proportion  of  oxygen,  and  the  entire  absence 
€l* nitrogen. — 3.  The  Albuminous  group,  comprising  all  those  substances^ 
whether  derived  fi^m  the  Animal  or  the  Vegetable  kingdom »  which  are 
doeely  allied  to  Albumen,  and  through  it  to  the  Animal  tissues  gene- 

•  Dr-  Prcmi*8  cb«irtfi(»tioii  of  alimeatarj  aubstajtces  Is  here  iwlofit^,  with  a  slight 
modificaiioii  ;  not  as  helag  altogether  UQexaeptiotL&blt,  but  oB  heing,  in  the  Authors 
(^pinion,  the  moil  oonvonietit  hitherto  proposed. 
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rally,  in  tbeir  chemical  composition.  In  tliis  group  a  lai^e  prc^r 
of  azote  IS  united  with  the  ojcygen,  hydrogen,  and  carbon  of  the  precedin 
— 4,  The  Gelathtotis  gronp,  consisting  of  gubstances  derived  from  Aniio 
bodies  only,  which  are  closely  allied  to  Gelatine  in  their  compositio 
Tbeoe  aba  contain  azote  ;  but  the  proportion  of  their  componeDts  dilifl 
from  thftt  of  the  preceding.^ — There  are  many  other  siihstances,  howevi 
which  J  thottgh  truly  alinientary,  and  consumed  to  a  considerable  amoni 
cunnot  be  legitimately  placed  iintlar  eitl^er  of  the  above  heads ;  snch  af 
for  example^  the  Vegetable  Acids,  and  Pectin e  or  v^^table  jelly, 

39.  Compouiida  belonging  to  the  Saccharine  group  appear  to  be  wida 
distributed  in  the  various  tissue  and  inid^  of  the  body.  Thujs  Inod 
CjjHjjO„  +  4  Aq.  has  been  found  in  the  h®irt,  Mver,  lungs,  spleen,  kidncg 
and  brain,  and  occasionally  in  the  voluntary  niusclea.  Grape  Sugj 
CjjHjjO^  +  2  Aq.  has  been  observed  in  the  blood,  chyle,  and  lymph,  ad 
there  may  even  be  a  trace  in  the  urinary  secretion  of  some  healthy  person^ 
and  Lactase  or  sugar  of  milk  Cj^Hj^O^^  +  Aq.  is  invariably  present  in  || 
milk  of  the  Mammal.  Analogous  compounds  are  fonnd  in  certain  partd 
the  nervous  centres,  in  the  prostate  glands  and  in  pathological  conditid 
of  various  other  organs ;  and  from  the  resemblance  which  these  substanfl 
present,  in  their  form  and  reactiona,  to  grains  of  starch,  the  term  *  corpo 
amylacea  *  has  been  apphed  to  them  by  Virchow.  In  the  liver,  againj 
peculiar  soluble  substance  e^sists  analogous  to  dextrine  in  its  charactd 
this,  from  the  readiness  with  which  it  can  be  converted  into  sngar,  j 
termed  Glycogen  by  its  discoverer  Bernard,  Lastly,  in  certain  eij 
bryonic  and  uterine  Btructures  a  homogeneous  plasma,  called  by  Rotij 
Zo-amylinef  is  contained,  whose  constitution,  thongh  probably  analoga 
to  atarchT  has  not  yet  been  accurately  ascertained*  That  a  great  jmxw 
liheee  Saccharine  and  Amyloid  compounds  are  derived  directly  from  f 
food,  is  clearly  shown  by  the  following  experiment  of  M.  Bernard  :h 
The  muscular  dasue  of  a  fasting  horse  was  found,  on  carefril  exaaj 
nation,  to  be  perfectly  free  from  amyloid  substances;  but  in  ll 
muscles  of  the  same  animal  a  few  hours  aHer  a  fidl  meal,  abunda 
eTidence  of  their  presence  wim  obtained.  But  it  seems  also  to  I 
established  tliat  compounds  presenting  a  close  analogy  to  sngar  ni 
be  obtained  by  the  nietamorphosis  of  oleaginous  as  well  m  of  alq 
minous  substances  within  tl>e  body ;  of  which  we  have  examples  1 
their  continued  fonnation  in  the  hver  when  completely  absent 
the  food,  dming  even  the  last  stag^  of  inanition,  and  in  their  presed 
and  gradual  mcrease  in  the  egg  of  the  bird  during  incubation,  Befl 
absorption,  Starch  is  for  the  most  part  converted  into  dextrine  and  suga 
whilst  sugar  is  itself  partially  decomposed  into  lactic  and  butyric  adl 
After  abeoi^tion,  decomposition  into  lactic^  and  ultimately  into  carh 

•  Ertlcke,  "  Jotirnftl  de  k  Phyaiologle,"  vol  u.  1850,  p.  339. 

t  "  JomrnflJ  de  U  Ph jsiologie,  *'  vol.  ii.  1 8 69,  pp,  83,  SOS. 

t  "Le^oniv"  X850,  to!,  il  p.  112, 

%  Lactic  Add  C^H^O.  +  H  O  b  a  compound  of  coDJddetublfi  cbemical  and  phjaiolog) 
interest ;  for  it  is  mated  not  only  to  th«  SacisharLiiQ  group,  btit  elao  to  bf 
Albamiuaufl  And  Oleaginous  compomids.  With  the  furtner  it  has  been  sbowii  . 
Kolbe  to  be  eloaelj  connected,  Hinoe  it  Is  a  product  of  tlie  oiidjitioii  of  AbnJa,  wbicJi 
iiomeri<3  irith  Sarooain^  »  denvatire  of  Ereatine,  a  well-knora  product  of  the  r^trogi 
•ire  metamoiphosia  o>f  Albomen  :  wbUftt  to  tb«  Otoagiuouv  atib^tfinocs  it  is  relatMl 
the  almilari^  of  Its  oocopoiititm  to  Fropioiuo  Aoid,  whiob  ii  a  prodaol  of  the  oxid^ 
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acid  faikes  place.  And  thus  by  a  process  of  oxidation  or  oombuntion,  Uiese 
compountla  become  directly  aubservient  to  the  maintenance  of  the  heut  of 
the  fxKiy.  The  small  quantity  of  Sugar  naturally  present  in  the  blood 
aidii  in  retaining  the  carbonate  and  pLosphate  of  hme  in  solution,  and 
according  to  Hoppei  aaaiats  that  metamorphasis  by  which  iat  is  generated 
from  the  albuminons  compounds.*  That  the  Saccharine  substances  are, 
p^r  8£,  icgufficient  for  the  maintenance  of  Life  has  been  shown  by  nume-- 
rous  experimcDts  upon  animals,  and  has  lately  been  confirmed  (though 
confirmation  was  scarcely  needed)  by  the  interesting  observations  of  Dr. 
Hammond  on  himseif  f 

40.  Tlie  Oleaginons  compounds  which  enter  ao  largely  into  the 
composition  of  the  body, — ^being  not  only  stored  up  in  masses  in  the 
adipjsa  substance,  but  also  forming  constant  and  important  constituents  of 
the  Fnuscularj  nervous^  and  otlier  tissues, — are  partly  introduced  into  the 
^stem  from  without,  and  are  also  partly  the  result  of  the  chemical  meta- 
morfthosea  eftecteti  within  the  body  upon  the  albuminous  and  mceharine 
corapountk :  by  which  meitns  the  l-ittcr  become  subBervlent  to  the  nutri- 
tion of  the  several  nitrogenous  aa  well  as  non-nitrogenoufl  tiaauea.  Pre- 
vious to  absorption  the  oleaginous  substances  undergo  fine  diviaitm,  and, 
perhaps,  to  mme  extent  saponification  i  whilst  after  their  entrance  into  the 
circulation  tliey  are  partly  applied  to  the  purposes  of  nutrition^  and  partly, 
there  is  good  r^ison  for  believing,  combine  immediately  with  oxj^gen^  and 
tljus  suppcirt  the  animal  heat.  Like  the  saccharine,  tie  oleaginous  com* 
pounds  when  consumed  alone  are  whoQy  incapable  of  supporting  life ; 
and  the  only  benefit  that  a  starving  animal  obtains  from  their  consumption 
is  the  maintenance  of  its  temperature,  and  a  consequent  slight  prolongation 
of  its  life ;  death  occtirring,  as  has  been  shown  by  Mr,  Savory,  when  non- 
nitrogenows  food  is  freely  supplied, J  not  from  loss  of  temperature,  as  in 
inanition,  but  from  loss  of  tissue. 

4L  The  aubfltances  forraiog  the  Albuminous  group  are  applicable  to 
the  support  of  the  Axumal  body,  botli  by  afibrding  the  materials  for  the 
nutrition  and  re -formation  of  its  tissues^  imd  also  by  serving  (if  retpiired) 
for  the  maintenance  of  its  heat,  through  the  decomposition  of  which  they 
are  susceptible,  into  hydrocarbonaceous  matters  adapted  for  combustion 
in  the  lungs,  and  highly-azotized  compounds  which  pass-ofT  by  the 
kidneys.     The  proportions  of  carbon,  hydrogou,  oxygon,  and  nitrogen,  of 

of  Oleie  Aeid,  And  it  u  thim  luaociated  wttb  Formic  niid  Buixric  Add^.  Tb^t  Lactic 
Acid  IB  derived  from  the  dkmtegnuion  of  the  Albumiaotii  compounda,  h  Btttiiigtj  indi- 
cated by  the  i^ti  tbut  it  is  fatiod  ia  gret%  iocreaaed  proportion  ia  muacJea  wbieh  k&ye 
been  preriouslj  ei^erctsfid.  It  Jipp«ftra  to  be  mpidlf  deoompoaed  ia  tbe  blood  (Carbonic 
Add  being  left  in  combiDatiof)  witb  the  bajte&)>  since,  a  few  minul^  after  tbe  miToduc- 
tioQ  of  coDBidenble  quatilitien  of  aSkaltae  LacUtea  into  the  Btomacb,  tbe  uiiae  is  foimd 
to  be  alk^ine  Jrom  tbe  presence  of  their  carboimus. 

•  '*  Ai^hiv  I  Path.  Anat,"  i.  p.  140. 

f  Dr.  Hawitnfind,  **  ExpenmcDtal  Eeaearchca  on  Food/'  Philadelpbift,  185T,  Dr.  Ham- 
mood  limited  biuiself  on  one  occasioD  ta  a  diet  of  abont  141b,  of  gum  per  diem,  and 
00  aJiutbcr  to  a  Himilar  qaantity  of  utofch  and  water.  Id  botb  aets  of  eiperimenU 
hunger,  debility,  and  febrile  excitement  were  soon  experieoced,  and  he  waa  finally 
oompelled  to  dJaeotitinae  tbe  gum  diet  en  the  fourth  day,  though  he  waa  able  to  per- 
MifSTQ  in  tlie  Uie  of  the  starch  till  tbe  tenth, — a  circoniatance  wbicb  was  probably 
partly  due  to  itM  ktill  reiajuiog  a  small  pfopartion  of  gtuteii,  and  partly  to  its  not  pro - 
dodng  «udi  ■erioni  dtBorder  of  tbe  stomaeb  and  boweU  aa  the  gum, 

t  *'  Prooeediiigi  of  Eoyal  Society,"  H*y  1,  Un. 
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which  all  tliese  subsfeuicas  are  comfxised,  appear  to  he  identical ;  and 
aeem  all   aii3«ible  of  being  reduced   by  the  digestive  process  to  a  li 
condition.     Hence  it  is  a  matter  of  little  ooDflequencei  e^ccept  us  i^egai 
the  proportion  of  inorganic  mutters  with  which  they  may  be  respeetivn 
united,  whether  we  draw  our  histogenetic  materials  from  tbe  flesh 
animak,  from  the  white  of  egg  (albumen),  from  the  f^iird  of  milk  (casdl 
from  tlie  grain  of  wheat  (gluten) »  or  fr^m  the  seed  of  the  pea  (leguniin 
Keitber  of  these   sid>stancesj   however,  can   long  EFiistain  life  when 
is  used  by  itself;  for  it  has  been  experimentally  ascertained j*  thut  l! 
being  made  to   feed  constantly  on  the  same  substance  (boiled  whiter 
^g,    for   instance,    or   meat   deprived  of  the   oamazome   that  gives 
flavour),  an  animal  may  >>e  effectually  stan^ed ;   its  disgust  at  such  fa 
being  Buch,  that  oven  if  this  be  swallow cd,   it  is  not  digestJKl.f — T 
organised  Ihbrie  of  Animals  contains  also  a  large  quantity  of  Gchtint. 
seems  certain  that  this  substance  may   be  produced  out  of  fibrin  ad 
albumen ;  since  in  animals  that  are  supported  ou  these ^  or,  at  least,  co 
sume  no  gelatine  wltli  their  food,  the  nutrition  of  tlie  gelatinous  tissB 
does  not  «eem  to  be  impaired.     The  recent  experiments  of  BisehotF  al 
VoitjJ  when  taken  in  conjunction  with  tbe  inquiries  of  the  commiasioni 
appointed  to  invt^igate  the  subject  in  Paris  and  Amsterdam, §  appear 
have  established  tliat^  though  gelatine  is  not  destitute  of  nutritive  vail 
it  cannot  peTUiimently  replace  alhmnen  as  an  article  of  diet.     For  a  slU 
period  it  mav  indeed  be  serviceably,  fierhafiS  even  advantageously  el 
ployed ;  and  the  nutritive  vabie  which  experience  has  long  assigned  \ 
eoups,  broth,  &c.j  whilst  partly  attributable  to  the  albuminous  matters  whii 
they  bold  in  solution,  may  also  in  some  measure  be  duo  t^i  the  reading 
witii  which  their  gelatinous  constituents  can  be  absorbed  and  applied  to  n 
purposes  of  nutrition    and  calorification.     The  verj'    large    quantity  J 
gelatine  wliich  Bischoff  and  Voit  found  it  neeessary  to  make  tlieLr  dog  ci3| 
sume  in  order  to  maintain  its  weight, — a  quantit^  of  the  dnf  gelatine,  \ 
fact,  equal  to  the  weight  of  moist  flesh  on  which  theaniojal  was  ordinaril 
fed, — ^ie  worthy  of  particular  notice,  and  liu-mshes  im  explanation  of  t 
negative  results  wliich  were  obtained  by   previous  inquirers.     Tlial 

*  Dr.  Oommond  ]itait«d  himself  for n  periud  of  ten  duji  to  n  diet  of  akrni  1 4  lb.  of  dt 
meD  obtnluL^  fn\m  tbe  Beriim  of  bullock^H  blood,  aad  4  lbs.  of  ilietilkd  water  per  di^ 
Little  incoDvenkncc  wfl*  experienced  until  the  fourth  day,  when  loss  of  appetite,  hoadiohl 
jLod  debility  were  felt.  The  aeverity  of  tbtae  Hymptomi*  lupidly  iucre^serf,  and  th«  ^Ii 
gust  wbich  tbe  moootouy  of  tbe  diet  occaeii>ned  waa  bo  great  that  it  wom  with  mueh  dilf 
eulty  that  tbe  albumen  oonld  im  e&t«n.  Do  the  HeTenib  dajj  a)butite}i  app^Lred  ia  it 
urine  ;  and  on  the  9tb,  each  aevere  diairhrca  s«t  m  tbftt  ho  wras  oompelled  to  gWo  tip  U 
experimcot.  There  was  nn  faUore  in  tbe  mainfceiianee  of  tbe  temperature  of  the  bodj 
though  \\M  weight  wan  notably  diminished  at  the  end  of  tbe  experimeut,  and  the  meofl 
fneoltieg  remained  clear  tbroughont.  | 

t  It  U  very  interesting  to  ri^mark  (with  Dr.  Proiit)  that,  in  the  only  in  stance  m  whd 
Nature  haa  provided  a  sivrfU  article  of  food  for  the  suppart  of  tbe  animal  body^  ihe  ha 
minL;Iefl  artielt'S  fftjm  the  first  three  of  the  preoetUng  grompa.  This  i%  the  Cftse  ia  A^ii( 
n'bich  con  tail  I  IS  a  considetublu  qnantity  of  (in  albnininoaa  suhetaiioe,  co^n^  wbbh  fon| 
Its  <3Uiii ;  a  good  deal  uf  mhf  matter,  the  batter  \  and  no  inconaidei^ble  amount  of  jHM^ 
which  Is  disaulveil  in  the  whey*  Tbe  prapartionB  of  these  vary  in  differeat  Mammalia 
uid  th«y  defend  in  part  upon  the  nature  of  the  food  (supplied  to  tbe  Animal  that  form 
the  tnilk  \  but  the  Jtubatancea  are  thus  eombtned  in  every  instance. 

X  *'  G€««;t3M?  dcr  Ertrnhmng,*'  I860,  p   215. 

^  See  the  Report  of  the  French  'Gelatane  Comraifiajon/in  the  "Compt»  Eend***  J 
1341  ;  and  that  of  the  Amsterdam  CummiaaioD  in  ^'  Het.  Ingtituut/'  Ko.  2|  1813, 
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rapidly  undergoes  a  decom  position  analogous  to  that  of  the  albuDninons 
compound  M,  is  evident  from  the  observations  of  Frerichs  on  the  result  of 
the  ingestion  of  large  quantities  of  pure  gelatine  :  this  being  a  marked 
increase  in  tJie  proportion  of  urea  in  the  urine,  with  an  elevation  of  ita 
specific  gravity  from  1U18  to  1030  or  even  1034, 

42.  The  substances  which  cannot  be  arranged  under  either  of  the  pre- 
ceding grouffes,  are,  for  the  most  part,  of  tlie  Non-azotized  class ;  and^  as 
they  mainly  consist  of  compounds  in  which  the  hydrogen  and  carl*on  are 
not  combined  witli  their  fiiU  equivalents  of  oxygen,  they  are  made  to 
<x>n tribute  to  the  caloriiying  process  by  undergoing  oxidation  within  the 
system,  so  as  to  be  excreted  in  the  form  of  carboiiic  acid  and  water.  Some 
of  tliose,  moroovcTj  have  very  apecial  uses  in  the  economy  (§  46,  iv.). 

43.  Up  to  a  comparatively  recent  period,  attempts  have  been  made  to 
divide  all  kind^  of  food,  in  accordance  with  their  supposed  application  in 
the  body,  into  two  great  classes,  called  respectively  the  **  histogenctic  "  or 
ttamie-forming,  and  the  *' respiratory**  or  heat^producing  aliments.  It  was 
imagined  that  a  definite  lino  could  be  drawn  between  the  noa-azotized, 
induding  the  oleaginous  and  saccharine  substances,  on  the  one  Imnd,  and 
the  azotizod,  embracing  tlie  albuminous  group  and  gelatine^  on  the  other ; 
the  ibmier  l>eiHg  subservient  to  the  production  of  heat,  the  latter  to  the 
repiair  and  development  of  the  different  tissues*  To  a  certain  extent  this 
division  is  mi  questionably  based  on  correct  principles.  The  presence  of  a 
large  proportion  of  Nitrogen  in  all  the  higher  tissues  of  the  Animal  body 
clearly  indicates  that  for  their  due  nutrition  some  substance  containing 
Nitrogen  ahouJd  be  consumed  as  food ;  and  the  justice  of  this  inference  has 
been  fuHy  borne  out  by  experiment.  Id  thia  sense,  then,  the  albuminoua 
and  gelatinous  substances  are  truly  histogenetic.  On  the  other  hand,  the 
laige  proportion  of  Carbon  and  Hydrogen  in  saccharine  and  oleaginous 
compounds  naturally  suggests  tliat  tlie  chief  purjiose  to  which  they  arc 
applied  in  the  body  is  the  maint^inance  of  its  temperature  by  their  com- 
bination with  Oxygen*  But  the  muscular,  nervous,  aiid  glandular 
tissues  are  not  comi>osed  of  albuminous  substances  alone  ;  they  con- 
tain, as  an  essential  constituent  of  their  HtrnctnrCj  a  certain  propoition  of 
fat,  without  which  their  composition  would  be  imperiect,  and  the  per- 
formance of  their  functions  impossible.  Buch  &t  then  must  be  considered 
as  **  hifitogenetic  **  and  not  as  **  calorifacient "  fat ;  though  Like  that  which 
exists  in  the  free  state  in  the  blood,  or  is  stored- up  in  the  adipose  riasiiej 
after  having  futfilled  its  fimctions,  it  may  be  applied  by  its  combustion  to 
tlio  support  of  the  animal  heat*  In  a  manner  e^entially  similar,  the 
albuminous  substances  ingested,  whilst  partly  becoming  aaamilated  and 
applied  to  the  nutrition  of  the  tissues,  are  partly  also  directly  decomposed 
in  the  blood ;  the  products  of  their  disiiit^ration  in  both  instances  com* 
bining  with  oxygen,  and  yielding  a  certain  amount  of  heat ;  so  that, 
like  the  oleaginous  and  saccharine  substance,  tliey  are  applied  to  the 
carrying  out  of  both  provisions,  the  formation  of  tiasues  and  the  mainte- 
nanoe  of  an  devated  temperature »  though  undoubtedly  in  both  cases  to  a 
very  unequal  degree.  It  is  therefore  imjioasible  to  measure  the  value  of 
any  particular  kmd  of  food  for  either  purpose  by  a  consideration  merely 
of  its  ultimate  or  even  of  its  proximate  constitution ;  since  its  fitness  as  an 
article  of  diet  will  also  depend  upon  t!i©  facility  with  which  it  may  be 
reduced  by  the  digestive  process,  and  ail^rwarda  asaimilated.  Thus  an 
aliment  abounding  in  nutritive  matter,  tuAy  be  inferior  to  one  which 
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TmHy  containa  a  mucli  smaller  proportion,  if  only  a  part  in  the  first 
and  the  whole  in  tiie  second^  be  readily  taken- up  by  the  system, 

44.  It  is  obvious  that  tLe  most  economical  diet  will  be  that  in  whifi 
there  19  the  raoat  perfect  apportionment  of  the  several  claaaea  of  codjiI 
tuents  to  the  wants  of  the  syHfcem;  and  theam  will  vary  with  the  amoiij 
of  muscular  exertion  put  forth,  and  with  the  elevation  or  depression 
the  eactemal  temperature.    Thus,  for  a  man  of  ordinary  habits,  and  11" 
tinder  a  medium  temperature,  a  diet  composed  of  either  bread   or 
animal    flesh    alone    b  ^  irom    being    ibe    most    economical, 
doubt  there  are  particidar  conditions  of  existence,  under  which  life 
be  advantageously  supported  upon  animal  food  alooe.    Thus  the  Guaci 
of  Soutii  America^  who  pass  the  whole  day  in  the  saddle,  and  lead  a  1 
of  constant  activity  resembling  that  of  a  carmvoroua  animal,  scarcely  e:i 
tafite  ^lything  but  beef;  and  of  this  their  consumption  is  by  no  mea 
great ;   for  the  temperature  of  the  surrounding  atinoephere  is  ao  high,  tl 
the  body  has  no  occasion  to  generate  more  heat  than  is  supplied  by  f 
combustion  of  the  hydro-carbonaceous  |>ortion  of  the  albimjen  of  tiie  foo 
or  of  ^  waste '  of  the  tiissues.     Here,  tlien,  the  demand  for  histogeneli 
material  being  at  its  maximum,  and  that  for  combuative  materials  at 
uiiniTnum^  tlie  former  stippliea  all  that  is  requisite  for  tlie  latter, 
the  Esquimaux  and  other  dwellers  upon  the  Arctic  seas  £nd  in  the  boi 
of  the  whales^  seals,  t&Cj  whereon  they  subsist,  that  special  supply  of 
Tery  best  corabustive  material,  which  alone  can  enable  them  to  maintai 
tlieir  existence  in  a  climate,  where  the  tliermometer  is  for  many  weeks  c 
montlis  in  the  yaar  at  — 40°  or  even  lower,  and  where  the  amoimt  of  hdl 
which  must  be  generated  witliin  the  body  is  four  or  five  times  that  M 
which  a  diet  of  bread  will  suffice, — On  the  other  hand,  the  general  expc 
rience  of  the  iniiabitantsof  warm  climates  seems  in  faYourof  a  diet  chiefl 
or  entirely  vj^gtfablv  ;  and  its  peculiar  suitableness  appears  to  consist  in  J1 
aflbrding  an  adeqiiate  supply  of  the  plastic  alimentary  substances,  in  co! 
bination    with   farinaceous  matters  that  give  the  requisite  bulk  to 
food,    without  ajibrding   more   combustive   material   than  ^e   syj 
requires, — tlie  quantity  of  starch  which  undergoes  conversion,  and  w" 
is  introduced  as  sugar  into  the  circulation,  being  apparently  governed 
rather  by  the  demands  of  the  respiratory  process,  than  by  the  amoun 
ingested ;  and  the  remiunder  bemg  voided  again  unchanged*  i 

45,  In  a  well -arranged  system  of  diet,  the  proportion  that  the  nod 
a^oti^ed  auhstancca  ought  to  bear  to  the  a^oti^^d  should  be  determin^c 
by  tlie  proportion  of  Carbon  and  Kitrogen  wliich  are  eiiminated  in  th< 
excreta  of  a  healthy  man  in  a  given  period*  Now  we  know  from  variou 
experiments  that  about  500  grains  of  Nitrogen  and  4600  grains  of  Car- 
ben  are  daily  eliminated  by  the  lungs  and  skin  and  by  the  kidneys  anc 
bowels ;  the  proportion  of  the  Kitrogen  to  the  Carbon  eliminated  being 
therefore,  nearly  as  1 ;  15.  Now,  if  we  compare  the  composition  of  breat 
and  of  meat,  we  sliaU  see  what  is  their  relative  value  as  aliments,  by  thi 
proportion  which  tlie  C  holds  to  the  N.  According  to  Payen,^ 
1000  grains  of  Bread  contain,  in  round  numbers,  300  of  Carboi 
and  10  of  Nitrogen;  hence  to  obtain  the  300  grains  of  Nitroger 
required  by  the  syiteni,  iiO,000  grains  (or  more  than  4  lbs,)  of  Bread 
must    be   consumed;    but   the   4600   grains   of   Carbon   required 

*  ^*DeB  SubttULBCL's  Ahmeukures,"  Furiaj  ]S5i. 
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contained  in  15,000  graina  of  Bread ;  so  that  to  obtain  the  requisite  supply 
of  Nitrogen  a  quantity  of  Bread  must  be  couBumed  containing  exactly 
double  the  quantity  oi^  Carbon  required*  Henca  it  ia  advantageous  to 
add  to  a  Bread  diet  a  Bmall  quantity  of  Cheese  or  other  highly  nitro- 
genous ibod,  Agiim,  in  tJie  case  of  Meat^  1000  graine  contain  100  of 
Ciirbou  and  30  of  Nitrogen;  therefore  to  obtain  tlie  4000  grains  of  Car- 
bon, no  les3  than  G^  lbs.  must  be  consumed ^  whibt  the  requisite  300  grains 
'  Nitrogen  are  contained  in  1 J  Jb,  of  Meat ;  consequently  three  or  four 
^■timea  more  meat  must  be  consumed  to  aupply  the  Carbon  than  is  necea* 
aary  to  fumisli  the  Nitrogen.  Here  then  we  see  agjiin  the  economy  of 
the  mixed  diet  which  ia  so  generally  employed  by  Mao,  whether  in  & 
barbarous  or  highly-civilized  state ;  and  the  !b  Ho  wing  table  will  show 
how  an  admixture  of  bread  and  meat  would  require  a  much  leas  con- 
sumption of  both,  than  if  either  were  taken  separately : — 


15,410  grains  of  Bread  oomtain 
4,630        ,,       HeiitQoatain 


,     4,530  154 

403  154 


5,093 
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^Thus  about  2  lbs,  of  bread  and  jib*  of  meat  are  amply  sufficient  to  com- 
ensate  tlie  daily  lossei  of  the  system  of  a  healthy  man.*  HeBce  we  eee 
the  immense  advantage  as  to  economy  of  food  which  a  fixed  agricultural 
population  possesses  over  those  wandering  tribei  of  hunters  which  etill 
people  a  large  part  both  of  the  Old  and  New  Continents,  The  mixed 
diet,  to  which  the  inclination  of  Man  in  temperate  climates  seeniEi  usually 
to  lead  him  (when  circumstances  allow  that  inclination  to  develope  itself 
freely),  appears,  moreover,  to  be  fully  conformable  to  tlie  construction  of 
his  dental  and  digestive  apparatus,  as  well  as  to  his  instinctive  propensi- 
ties. And  whibt  on  the  one  hand  it  may  be  freely  conceded  to  the  advo- 
cates of  *  Vegetarianism/  that  a  well-selected  vegetable  diet  ia  capable  of 
producing  (in  the  greater  number  of  individuals)  the  highest  phifsieal 
development  of  whicli  they  are  capable,  it  may  on  the  other  hand  be 
affirmed  with  equal  certainty,  that  the  substitution  of  a  moderate  propor- 
tion of  animal  Besh  is  in  no  way  injurious^  wliilst,  so  ikr  as  our  evidence 
at  present  extends,  this  seems  rather  to  favour  the  highest  mental  develop- 
ment. If,  indeed,  wo  take  a  comprehenfiive  survey  of  the  conditions  of 
the  various  races  of  Man  at  present  inhabiting  the  earth,  we  cannot  help 
being  struck  witli  his  adaptiveness  to  a  great  variety  of  circumstances,  as 
'  \  chmalGj  mode  of  life*  diet,  &c.     And  we  can  scarcely  avoid  the 

rbonclusionf  that  the  Creator,  by  couferriug  upon  him  such  an  adaptive- 
nesSj  intended  to  qualify  him  for  subsisting  on  those  articlea  of  diet, 
whether  animal  or  vegetable,  which  are  most  readily  attainable  in  dilf^^nt 
parts  of  tlie  globe ;  and  thus  to  remove  the  ob&tacle  which  a  ueoeaBary 
i^eatriction  to  any  one  kind  of  food  would  have  otherwise  opposed  to 
his  universal  chfitision* 

46*  When  the  results  of  Experience,  then,  are  combined  with  the 
teaehings  of  Science,  they  seem  to  justify  the  following  conclusiona. 

J.  That  a  due  adjustment  of  the  Albuminous,  Oleaginous,  and  Saccha- 
rine constituents  of  the  food,  to  the  varying  conditions  under  which  Man 

See  B6ckrd,  ^*  f  raite  £l«m«]itAir«  do  Phjibl€fi%"  p.  570  et  ieq,,  18€2. 
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exists,  19  of  tfae  first  importance ;  whilat  the  queHtion  of  the  derivati 
of  the  firgt  two  of  these  conHtitnents  from  the  Animal  or  from  the  Ve 
lable  kingdom,  is  one  of  eecondarj'^  chaxacber ;  each  being  capable  j 
yielding  thenj  in  adeqtmte  amount,  and  the  only  contlition  ret|nid( 
beings  that  the  articles  of  food  shall  be  »o  telected  as  to  supply  the  ne^ 
ful  quantity.  At  the  same  time  it  will  obviously  be  requisite  tl| 
diiTerenc^s  should  lie  made  in  the  diet^  in  accordance  with  cliraatie  al| 
seasonal  variatioriB*  For  when  the  eacternid  temjjerature  i&  low,  I 
ainjile  supply  of  oleagiiioua  matter  ia  indicated,  and  may  be  adranti 
geously  taken  in  the  form  of  butter,  cocoaj  fat  meat,  or  maii^e'brea 
On  the  other  hand,  during  the  heat  of  summer,  the  more  nearly  tlie  dii 
18  assimilated  to  that  of  the  natives  of  tropic^il  climatea,  in  the  substitutio 
of  fruits  and  ferinacea  for  oleaginous  articles,  the  leas  will  be  the  liabiJ 
to  disordered  health  in  the  autumn.* 

H.  Experience  teaches,  however,  that  it  is  not  a  matter  of  entire  ind 
ference,  whether  the  Albuminous  constituent  be  drawn  frrtm  the  AniE 
or  from  the  Vegetable  kingdom  ;  ibr  the  use  of  a  highly -animalized  dii 
has  a  tendency  to  nme^  and  that  of  a  vegetable  diet  to  lotvtr^  tlie  propoi 
tion  of  red  corpuscles  in  the  Blood;  whDst,  by  a  due  adjustment  of  t| 
j>roi>ortion  of  the  two  classes  of  components,  the  evil  effects  of  the  ei 
cluiive  use  of  either  may  be  prevented.  | 

in.  So,  again,  Experience  teaches  what  could  scarcelj  have  been  anJ| 
cipated  theoretically; — namely,  that,  notwithsUmding  the  |>ower  wtdd 
the  living  body  posaeases,  of  convertiDg  aacclmrine  comi>oiind3  into  ola 
ginuuB,  the  ingestion  of  a  certain  amount  of  Ole^iginoua  niiitter  tis  &iM 
is  necessary,  or  at  least  is  favourable,  to  tiie  maintenance  of  health,  " 
see  this  provided  in  large  quantity,  in  the  first  aliment  prepared 
natore  for  tl^e  oifsprlng  of  the  Mammalia ;  it  exists  largely  in  the  yQ 
of  the  egg  of  all  Oviparous  animals.  And  the  laboriotia  invesdgatia 
of  Messrs.  Lawea  &  Gilbert  f  have  sl>own  that  the  amount  of  fat  co 
^ined  in  ordinary  butcher'a  meat  of  good  quality,  to  which  audi  a  hi| 
per-centage  of  nitrogen  is  usually  attributed,  ia  exceedingly  great,  varyini 
from  one-third  to  one- half  of  ita  weight.  In  the  ordinary  diet  of  ever 
nation  on  the  globe, — whether  this  be  animal,  vegetable,  or  mixed, — 'vi 
find  one  or  more  articles  of  an  oleaginous  natnre  ;  and  there  ia  a  natiii|| 
craving  for  such  subatances  wlien  they  are  completely  witliheld,  whicl 
indicates  that  tliey  serve  some  important  piurjx^ae  in  the  econorai 
Althotigh  this  craving  is  so  far  affected  by  cHmate,  that  it  leads  to 
largest  consimiption  of  oily  matter  where  the  extreme  of  cold  hajs  to 
endured,  it  exists  with  no  less  intensity  even  in  tropical  r^ions ;  and  ' 

*  Tbfife  Cftn  be  no  doubt  that  a  Im-ge  [iroportioti  of  the  disu^kscH  of  th@  digestive  a]) 
pintDVi  which  arc  i^  futal  amoDg  Europeim  reaideutis  m  India  and  i>t]i<!r  tropica, 
diin&tea,  reflult  from  the  habitual  ingcatiou  of  a  much  larger  quantity  of  food,  and  thii 
CBpeciall  J  of  a  rich  and  irti ululating  cliaractcrt  thiui  the  sjstem  requires.  The  bra  o! 
■ppetite  coniiequent  upon  the  ditnintition  of  the  demand  for  combiurtive  material^  ia  mi 
dowQ  to  tbe  deleterioua  influence  of  tJie  climate  ;  and  au  attempt  la  made  to  neutralize 
^ifi  by  artiGciai  pmrocativeH."So,  it  «eeius  probable  that  many  of  the  'bQious  attiwdt^' 
which,  in  this  eouatry,  are  ao  frequent  In  early  autumUf  and  which  are  oouittionly  set 
down  to  the  account  of  fruit  (although  ihc^  sulijects  of  them  bare  oft«a  AbftUioed  ititlfelj 
from  th&t  ariido)|  are  really  the  reanlt  of  the  prej^eoce  of  aa  e^ccosa  of  1ijdro-earbona< 
ceoQB  matter  lu  the  syistem,  conBeijuent  upon  oTer^feediwg  during  the  itummerj  aud  must 
be  looked-upou  tkA  the  nataral  m^as  by  whldi  it  la  got  Hd  of. 
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find  tihe  Hindoo  adding  his  modicum  of  *  ghea'  (or  rancid  butter)  to  the 
rice  which  constitutes  hig  staple  article  of  diet,  with  the  same  relisli  that 
tbo  Es(|nimaiix  feels  for  his  mosdve  lurnpti  of  blubber,— It  doea  not  seem 
difficult  to  miderstand  the  j^ttionale  of  tliis  feet.  For  whilst  the  Adipose 
and  Nervous  tiaauea  are  the  only  portions  of  the  Animal  fiibric  into  which 
iKtty  matter  enters  in  any  considerable  proportion,  yet  its  presence  has  an 
iiiijx>ruint  influence  on  the  assimilation  of  albuniinous  matters,  and 
seems  essential  to  every  act  of  tissue  formation-  We  shall  here- 
after see  that  it  is  probably  in  the  Lacteal  «yetem,  that  the  two  sub- 
stances are  brought  into  that  mutual  relation  with  each  other,  which 
theae  purposes  require ;  and  thus  it  is  obvious  that,  unless  a  conversion 
of  saochanne  into  oleagmona  matter  can  take  place  in  the  alimentary 
canal  (of  which  there  is  no  adequate  evidence) ^  no  true  chyle  can  he 
formed,  except  w*hcn  oleaginous  matters  have  ibrmed  part  of  the  food. 
There  is  strong  and  increasiiig  reason  to  beUeve,  that  a  deficieacy  of 
oleaginous  matter,  in  a  state  fit  for  appropriation  by  the  nutritive 
processes;,  is  a  fertile  source  of  diseased  action,  esjieciaily  of  that  of  a 
tuberculous  character ;  and  that  the  habitual  use  of  it  in  a  larger  pro- 
portion  would  operate  fiivourably  in  the  prevention  of  such  maladies,  aa 
tlie  employment  of  cod- liver-oil  nntjuestionably  does  in  their  cure,  A  most 
remarkable  example  of  this  is  presented  by  the  population  of  Iceland ; 
which,  notwithitanding  the  concurrence  of  every  one  of  the  circumstances 
usually  considered  :&ivourable  to  the  scrofidous  diathesis,  enjoys  a  most 
remarkable  immunity  from  it, — without  any  other  assignable  cause  than 
the  jiecidiarly  oleaginous  character  of  the  diet  usuaUy  employed. 

IV.  Another  of  the  results  of  Experience,  of  wliich  Science  has  not  yet 
given  a  definite  rtitionah^  is  the  necessity  of  employing  ;>*«^ A  vegetaMes  as 
an  article  of  Diet ;  the  almost  invariable  consequence  of  the  entire  omis- 
sion of  themy  being  the  development  of  tliat  peculiar  constitutional  dis- 
order wliich  is  known  as  Smrvt/**  That  tlie  deficiency  of  something  which 
fresli  vegetables  can  alone  supply,  is  the  essential  cause  of  this  disease 
(its  operation  being  promoted,  however,  by  other  c^nditionst  such  as 
absolute  deficiency  of  foodj  coiifiiiement,  bad  ventilation,  depression  of 
sf^rits^  &c.),  may  now  be  regarded  aa  a  well-established  fact ;  and  it  b 
one  which  ought  to  have  an  important  inflaence  on  our  dietetic  arrange- 
ments, For  if  the  total  w^ithdrawal  of  these  articles  be  productive  of  such 
a  feadul  depravation  of  the  blood  as  perverts  every  function  to  which 
t]»e  bloocl  h  subservient,  a  diminution  of  them  below  the  standard  requi- 
site for  the  maintenance  of  health  must  necessarily  involve  a  tlepravatiou 
similar  in  kind  though  less  aggravated  in  decree  ;  and  this,  if  slight,  may 
\je  cjcpected  to  manifest  itseh',  not  m  much  in  the  production  ol"  idiopathic 
disorders,  as  in  Javouring  any  peculiar  tendency  to  diseaiso  wluch  may 
exist  in  tie  system,  and  in  preventing  or  retarding  reooveiy^f  The  em- 
ployment of  iresh  fruits  and  of  green  vegetables  seems  especially  indicated, 

*  For  »  foil  inquiry  Into  this  subjeot^  ae«  tba  "Brit  and  Fyr.  M«d.-Olun  E«v.," 

t  Tbls  ^Jtoorbutic  teudescj'  waji  follf  reoogniMd  b j  the  pis^  goaention  of  Phjal- 
eluiB,  wbo  pmctided  la  those  good  old  timtis  wbea  poi&tcj€«  vare  %  luxorx  titid  greeu  regO' 
tubles  la  tbe  wiaC^r  olmcot  uokaowii,  wbea  the  middle  olnases  f^  upon  RAltC'd  meat 
dat-iog  a  great  part  of  the  year,  and  when  ^igaf^ioiiB  eld  woroco  prescribed  nettk-tea 
aad  miarrj'gra^j  with  a  i^ano  of  lenitive  'epriag^pbjttiCi'  for  the  ^deftiuiug  of  tho 
blood/ 
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wliere  a  general  cKronic  disorder  of  nutrition  indicates  a  perverted  ea| 
dition  of  the  circulating  material;  and  especially  where  there  jdj 
digpcaitioti  to  chronic  indamniatioii,  induration ^  and  ulceratioa,  in  ^ 
far  en  t  parts  of  the  body.  | 

V-  Finally,  then,  a  weH-airauged  dietetic  scheme  ought  to  consiati 
jiuch  a  combination  of  the  AlbuminouB,  Ole^iginous,  and  F&riimoeouB  cd 
etituente,  tm  is  most  appropriate  to  the  requirements  of  the  system  ;h 
latter  meastire  of  the  albuminous  being  supplied,  when  an  unusual  amoii 
of  nervo- muscular  exertion  is  put- forth,  and  this  supply  being  then  t^ 
advantageously  derived  from  animal  flesh ;  —  a  larger  m  eiisure  of  I 
elm^finouB  being  required  for  the  suatentation  of  tlie  heat  in  a  frij 
atmosphere,  and  this  being  supplied  equally  well  by  the  Vegetable  ki^ 
dom  as  by  the  Animal  ;^and  a  larger  proportioi;  of  };ki%  Jimnaccova^  i| 
substitute  for  the  oleaginous,  being  moat  iavouiabie  to  health  under 
high  atmospheric  temperature.  An  habitual  exoeffi  in  the  use  of  eit]| 
of  these  constituents,  above  what  the  demands  of  the  system  requi^i 
tends  towards  the  production  of  a  particular  '  diathesis  *  or  constitutioi 
state,  which  may  manifest  itself  in  a  great  varietj-^  of  modes-  Thus,  I 
extjeas  of  tlie  albuviinmis  componenta,  such  as  is  only  likely  to  oo< 
when  too  large  a  proportion  of  animal  food  is  employed,  imdoubtel 
favours  the  arthritic  diathesis,  which  seems  to  consist  in  the  presenco 
imperfectly^aasimilated  histogenetic  substances  and  wrongty-metanv 
pliosed  products  of  diiintegratioa,  that  are  not  duly  eBminated  through  \ 
kidneys;  and  this  diathesis  not  only  displays  itself  in  gout  and  grai 
but  modihes  the  course  of  other  diseases*  S0|  again,  an  excess  of  1 
aieagiTious  constituents  of  the  food  teuds  to  the  production  of  the  bilii 
diathesis,  in  which,  through  the  insufficient  elimination  of  hydrocarbon 
cseoua  matters,  the  blood  becomes  charged  with  the  elements  of  bile, 
esccees  of  farinaceous  matters,  moreover,  especially  when  combined  wil 
deficien<^  of  tlie  albuminous  (as  it  too  frequently  is  among  those  who 
obliged  by  neceasity  to  live  chiefly  upon  a  '  poor  *  vegetable  diet), 
to  the  production  of  the  rheumatic  diathesis ;  which  seems  to  consist, 
the  arthritic^  in  tlie  mal-assimilation  and  wrong  metamorphosis  of  the 
ponents  of  the  tissues^  but  to  be  especially  lavoured  by  the  presence  eii 
of  lactic  acid,  or  of  some  other  product  of  tlie  metamorpliosis  of  % 
tttcc^iarine  com(K>mids.  And,  as  already  pointed  out,  the  deficiea 
of  oleaginous  matters  seems  to  tend  to  tlie  development  of  the  «c}t?/ti{| 
diathesis  ^  and  that  of  fruits  and  fresh  vegetables  to  the  production  of  fl 
Mcarbutic,^  • 

47.  The  ahsolnte  quantity  of  Food  required  for  the  maintenance  oft] 

*  It  lA  wortliy  of  rexDark  tbat  in  the  timw  wliea  even  tbe  wealtby  lived  dnritig  fongi 
Et»  monUiB  of  the  jfear  ultnost  eiduavvdy  rapoti  meat,  bread,  aud  flour- padfluigij  m 
wlieiit  tberefuref  the  diet  was  far  too  btgbly-K^otked,  &s  well  luu  dtificletit  iti  freBli  Tq 
tables,  Arthritic,  Oalculuua,  and  Scorbutic  disorders  were  much  mor^  <;omiDoti  tbim 
prea^at.  Tb«i  iti.tr (xluctiun  and  uDivcrsal  employ mont  of  tha  potato  bas  uuqu^llooal 
done  much  to  correct  these  two  t^ndeucka  ;  qu  the  one  haud^  hy  diluting  the  MECtiK 
eaaitituentA  of  tbe  foodf  so  tliat,  with  the  i^tue  bulk,  a  much  iimaner  pr<){}ortlui:i  of  Ibt 
ia  DOW  introduced  ;  and  on  the  othetf  by  snppljiug  to  the  blooti  some  ekmeut  wMcb 
eeaentinl  to  the  mamteaance  of  ita  health;  coDdidon.  But  with  the  diminution  I'f  t 
Arthntic  diatheda,  which  the  exj>erience  of  our  older  pnictitiotierM,  and  tho  medii 
writiuga  of  the  laat  ceuturj,  uidifmt^  aa  hairing  taken  pl»oe  duriug  tliat  i>erio(U  thi 
haa  been  an  iitcreaae  in  the  Kheum&tic  ; — a  change  which  seeinH  to  have  a  close  relati' 
to  thia  altera^iiuu  in  dleL     Aiid  it  seemfi  not  impTohahlei  too^  that  thiu  alteration  b 
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Human  bodj  in  health.,  variea  so  much  with  lh€  age,  eiox,  conatltutiou, 
and  habits  of  the  indi vidua!,  and  with  the  circumstancea  in  which  he  may 
be  placed^  that  it  would  be  absurd  to  attempt  to  fix  anj  etandard  which 
ghoidd  apply  to  every  particular  case.  The  appetite  ia  tlie  only  but© 
guide  for  the  supply  ot'  the  wants  of  each  ^  but  iti  indications  must  not 
be  mjsinterpreted.  To  eat  when  we  are  hungry,  is  an  evidently  natural 
diBpoaitioQ ;  but  to  eat  a*  hng  as  we  are  hungry,  may  not  always  be  pru- 
dent. Since  the  feeling  of  hunger  does  not  depend  bo  much  upon  the 
state  of  fulness  or  emptinesH  of  the  stomach,  a^  upon  the  condition  of  the 
general  system,  it  ap|jeaxa  evident  tliat  the  ingestion  of  food  cannot  at 
once  produce  the  effect  of  dissipating  it^  though  it  will  do  so  after  a  short 
time ;  so  that,  if  we  ^t  with  undue  rapidity,  we  nxay  continue  ewallowing 
food  long  ailer  we  have  taken  aa  much  as  wili  really  be  required  for  the 
wants  of  the  system ;  and  every  superfluous  particle  is  not  merely  useless, 
but  injurious.  Hence,  besides  its  other  im]xjrtant  ends,  the  process  of 
tliorough  mastication  is  important,  as  prolonging  the  meal,  and  dius 
gjv-ing  time  to  the  system  to  be  made  acquainted  (as  it  were)  that  the 
supply  of  its  wants  is  in  progress ;  so  t!iat  its  demand  may  be  abated  in 
due  time  to  prevent  the  ingestion  of  more  than  is  required.  It  is  very 
justly  remarked  by  Dr.  Beamnontj  that  the  cessation  of  this  demand, 
rather  than  the  positive  sense  of  satiety^  ia  the  proper  guide.  **  There 
appears  to  be  a  sense  of  perfect  intelligence  convoyed  to  the  encephalic 
centre,  which,  in  health,  invariably  dictates  what  quantity  of  aJirneut 
(responding  to  the  sense  of  hunger  and  its  due  satisfaction)  is  naturally 
req^iired  for  the  purposes  of  life ;  and  which,  if  noticed  and  properly 
attended  to,  would  prove  the  moat  salutary  monitor  of  health,  and  eiectual 
preventive  of  disease.  It  is  not  the  sense  of  satiety,  for  this  is  beyond 
tlie  point  of  healthfid  indulgence,  and  is  Nature's  earhest  indication  of  an 
ubuse  and  overburden  of  her  powers  to  replenish  the  system.  It  occurs 
immediately  jjrevious  to  this ;  and  may  be  known  by  the  pleasurable  sen- 
sations of  perlect  satisfaction,  ease,  and  quiescence  of  body  and  mind.  It 
is  when  the  stomach  ^ys,  enough ;  and  it  ia  distinguialied  from  satiety  by 
the  diflference  of  sensations, — the  ktter  saying  too  mucL'^  Every  medical 
man  is  well  aware  how  generally  this  rule  is  transgressed ;  some  persons 
making  a  regular  practice  of  eating  to  repletion  ;  and  others  paybg  far 
too  little  attention  to  tlie  preliminary  operations,  and  thus  ingesting 
more  than  is  good  lor  them,  even  though  they  may  actually  leave-off' 
with  an  appetite. 

48,  Although  no  universal  law  can  be  laid  down  for  individuals,  it  ii 
a  matter  of  much  pructicid  importaDce  to  be  able  to  Ibrm  a  correct 
atsemge  estimate.  But  even  this  is  given  somewhat  differently  by  different 
obaervers,     Dr,  Dalton,  for  izLstance,*  states  that  the  entire  quantity  of 

mllo  mndi  to  do  with  tb^t  lUmiiiiwhed  power  of  iottaiaLog  icilTe  d^pletorf  treaiEae&t, 
whieh,  acoordiiig  to  the  ohservmtiaQS  of  practitioners  of  loug  ^xpeiieace,  djaracteniea 
ihti  preaiiuL  gcDeratiou  as  comparisd  wiUi  th&  preceding.  But  wJjilgt  there  k  a  dijaLniahud 
lapabilHj  of  b«ariug  Urge  blood-Jettmgi,  violent  purgfrtioo,  &c.,  there  is  at  tbe  same 
tiiue  »ticii  ati  Liiertf^sed  tendency  to  a  favourabte  termmatioii  ia  muaj  of  Ihoee  diBeasei 
for  which  thej  were  formerly  aceoqivted  aeoefii&rjr^  ai  ahould  reiuLFTe  all  regret  at  tLi» 
change  O'f  coniitituljija.^Oa  the  question  of  *  V«geLariaaiBm/  the  Author  m&y  refer  to 
hi*  articles  on  tltat  Htibj^t  io  the  **  Brit  and  for.  Med.-iJMr*  ^^«>'*  ^ol*  ^i^  PV-  7^ 
and  39e. 

•  **Phjfiiolo^,"  lafil,  ^  9L 
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fcjod  required  eveiy  24  Houtb  by  a  man  in  fiill  health  and  taking 
exercise  is,  of  meat   16  oz.  av»j  bread   19  oz.^  (at  3|  oz»,  and  of  wi 
62  fl.  oz*,  that  is,  about  2|  lbs,  of  Holid  food,  and  rather  more  than  3  pi 
of  flnid.    Vierordt*  considers  the  adult  to  be  well  nonrished  it]  n 
modenite  ^xereise,  he  receive  daily  about  4  ok,  of  dry  albumen,  3  o^ 
fat^  11  j  OSS.  of  some  starchy  aubstfince,  and  about  1  oz.  of  salt,  which  gil 
a  pro  jxjrtion  of  one  part  of  nitrogenous  to  three  and  a  half  parts  of  ni 
nitrogenous  food.     If  to  this  about  f*  pints  of  water,  and  the  oxygen  tal; 
up  in  the  act  of  respiration,  Tvliich  he  estimates  at  1|^  lb,,  be  added,  \ 
ahall  obtain  a  total  of  about  l'20tb  of  the  weight  of  the  body  consims 
in  24  hours.    It  is  from  the  experience  afforded  by  the  usual  consumpti 
of  food  by  large  bodies  of  men  tliat  our  data  are  obtained ;  and  th| 
data  are  snificient  to  enable  lis  to  predict  witli  tolerable  accuracy  wi 
will  be   required  by  similar  aggravations,  though  they  can  aflTord , 
guide  to  the  consumption   of  iridiriduaJs.     We  shall  first  consider  1 
quantity  sufficient  for  men  in  regular  active  exercise  ;  and  then  inqil 
how  far  that  may  bo  safely  reduced,  for  those  who  lead  a  more  sedenfi 
life,- — ^Tho  Diet-scale  of  the  Britisli  Na^y  may  be  advantageously  tal 
as  a  specimen  of  'what  is  required  for  the  first  class.     It  is  well  knoTj 
that  an  extraordinary  improvement  has  taken  place  in  the  health  i 
seamen  dttring  the  last  80  years ;   so  that  three  ships  can  now  be  k4 
ailoat,  with  only  the  same  number  of  men  as  were  formerly  requi^ 
for  tw^o.     This  is  due  to  the  improvement  of  the  quality  of  the  food, 
combination   with   other  jsrophylactic  means.     At  present,  it  may 
be  affirmed  tliat  it  would  not  be  es^  to  construct  a  diet- scale 
adapted  to  answer  tlie  required  purpose.     The  heidth  of  crews  that 
been  long  afloat,  and  have  been  exposed  to  every  variety  of  external 
ditions,  appears  to  be  preserved  (at  least  when  they  are  under  tJie  di: 
tion  of  judicious  officers)  to  the  full  as  well  as  that  of  persons  subject^ 
similar  vicissitudes  on  sliore  j  and  tliere  can  be  no  complaint  of  ini 
ciency  of  food,  although  the  allowance  cannot  be  regardetl  as  superflw 
It  consists  of  from  31  to  35^  oz,  of  dri/  nutritious  matter  daily  ;  of 
2G  oz.  are  vegetable,  and  the   rest  animal.      From    tJie  very   ca 
inquiriea  of  Dr,  Ed.    Smith   upon  tJie    "  weekly   dietaries   of  low 
populations,*'  it  aj^pears  that  amongst  the  labouring  cl^isses  of  Engl 
health  can  be  maintained  wdien  each  adult  consumes  ratlier  more 
5000  (5270)  grains  of  Carbon  and  216  grains  of  Nitrogen  daily ;  w 
the  hf^th  either  altogether  iails  or  becomes  very  indifferent  ^vhcn  tl 
qufuitity    ialla  to  4542  grains  of  Cfirlion  and  187  grains  of  Nitrogen  p 
diem ;  the  proportion  of  the  C  to  the  N  in  both  cases  being  about  as  24^  : 
However  necessary  such  a  supply  of  nourishment  may  be  to  develofie  ij 
resources  of  the  Human  frame  to  tlie  utniosty  it  m  more  than  questional 
■whether   this  amount  of  food  is  obtained  by   the  average  populatii 
of  this  or  any   other   country.      M.    Beclard^   indeedjf   estimates   tb 
in    France    the    proportion    of  meat    or    flesh,    including   game,    fia 
e^s,  milk,  cheese,  d'C,  consumed  per  head  does  not  exceed  2  oz,  p 
diem,  whilst  he  calculates  that  in  England  the  consumption  is  nead 
3  or,  per  head  per  diem, — A  considerable  reduction  in  this  amount  isi 
course  admissible,  where  little  bodily  exertion  is  required,  and  wbei 
there  is  less  exposure  to  low  tempeKitures.     In  tlie  ca^ae  of  Prisoners^ 


'*anmdri«  d*  Vhj^J'  1800,  p,  im. 
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diet  should  of  course  be  as  spare  as  possible,  consistently  with  healtli ; 
but  It  should  be  carefully  modified,  in  individual  casea^  according  to 
sereral  colls teml  ciTcurastances,  mich  as  depreaaion  of  mind,  compulsory 
kbour,  previoua  in  temperate  habits^  and  esjiecially  the  length  of  coiifine- 
ment.  It  has  been  supposed  by  some,  that  prisoners  require  a  fuller  diet 
than  persona  at  large ;  this  is  probably  erroaeouB ;  but  more  variety 
ia  certainly  desirable,  to  counteract,  as  Cir  aa  possible,  the  depresiiing 
influence  of  their  condition  upon  the  digestive  powers.  The  evil  effect 
of  an  undue  reductton  in  the  supply  of  fooil,  and  of  insufficient  attention 
to  its  quality,  has  unfortuniitely  been  too  frequently  diBpIayed  in  our 
prisons;  a  notable  example  of  wliich  ^^ill  be  hereafter  alluded  to  (§  61), 
A  very  excellent  scale  of  dietaries  adapted  to  the  different  conditions  of 
Prison-hfe,  has  been  issued  by  tho  Government  on  the  r^ommendation 
of  the  Inspector  of  prisons. — The  effects  of  confinement  have  been  well 
shown  in  the  exj^erience  of  the  Edinburgh  House  of  Refuge,  which  was 
first  esta.bliahetl  in  1832,  for  the  reception  of  beggars  during  the  Cholera, 
and  which  has  been  continued  to  the  present  time.  The  diet  was  at  first 
a  quart  of'  oatmeal  porridge  for  each  person,  morning  and  evening ;  and 
at  dinner  1  oz.  of  meat,  in  brot]"i,  with  7  oz,  of  bread,  making  altogether 
about  23  oz.  of  aolid  food  per  day.  During  some  months,  this  diet  seemed 
to  answer  very  well ;  the  people  went  out  fatter  than  they  came  in,  owing 
to  the  diet  being  better  than  tliat  to  wliich  tliey  had  been  accustomed; 
but  afterwards  a  proneness  to  disease  manifeated  itself  in  those  who  had 
be^  residents  there  for  a  considerable  time,  and  the  diet  was  therefore 
somewhat  increased  with  good  effect.  The  quantity  of  animal  food  was 
probibly  here  too  small ;  and  tho  total  weight  might  still  have  been  suffi- 
cient, if  it  had  been  differently  apf)ortioned* 

49,  The  smidlest  quantity  of  food  upon  which  life  is  known  to  have 
been  supported  witli  vigour^  dinring  a  prolonged  period,  ia  that  on  which 
Comaro  states  himself  to  have  subsisted ;  this  was  no  more  than  12  oz.  a 
day,  chiefly  of  vegetable  matter,  with  14  oz.  of  light  wine,  for  a  period 
of  5S  yeans.  There  is  another  well-known  case  (that  of  Thomas  Wood, 
the  miller  of  BiOencay,  re|»orted  to  the  College  of  Physicians  in  17*17  by 
Bir  George  Baker),  in  w^hich  a  remarkable  degree  of  vigour  vras  sustained 
for  upwards  of  eighteen  years,  upon  no  other  nutriment  than  16  oz,  of 
fioiu'  (conlaining  about  14  oz,  of  fin/  solids)  made  into  a  pudding  with 
water,  no  other  jjquid  of  any  kind  l>eing  taken.  There  are  probably  few, 
however, — at  least  among  tlK^ae  whose  avocations  require  much  mental  or 
bodily  exertion, — who  could  long  persevere  in  such  a  diet.  Still  it  is 
certain  that  life  with  a  moderate  amount  of  vigour  may  be  preserved  for 
some  time,  on  a  very  limitetl  allowance  of  food ;  this  appears  from  tho 
records  of  shipwreck  and  similar  disasters.  In  regard,  however,  to  those 
who  have  been  stated  to  Hist  for  a  period  of  months  or  even  years,  taking 
no  nutrinieat,  but  maintaining  an  active  condition,  it  may  be  saiely 
asserted  that  they  were  impostors,  probably  possessing  unusual  powers 
of  abstinence,  which  they  took  means  to  magnify. 

50.  Of  the  quantity  which  can  \ye  devoured  at  one  time,  this  is  scarcely 
the  place  to  speak  ;  since  such  feats  of  gluttony  only  demonstrate  the 
extraordinary  capacity  which  the  atomadl  may  be  made  to  attain  by 
continual  practice.  Many  amusing  instances  arc  related  by  Captain 
Fany  in  his  ^^  Arctie  Voyages  ;^^  in  one  case  a  young  Esquimaux,  to  whom 
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he  hsid  giTen  (for  th^  sake  of  curioaitj)  his  full  tether,  devoured  in  fbi 
and-twenty  hours  no  less  than  85  Ibi.  of  various  kinds  of  aliment,  incltf 
ing  tallow  candles.  A  case  has  more  recently  been  piibliflhed  of  a  Hind^ 
who  can  eat  a  whole  sheep  at  a  time  ;  thie  probablj  aurpaasea  any  otl[ 
instance  on  record.  The  half-breed  vo^ageurs  of  Canada,  according 
Sir  John  Franklm,  and  the  wandering  CosBacks  of  Siheria,  as  testlfiedl 
Gapt  Cochrane,  habitually  devoiu*  a  quantity  of  anlnml  food  which  wod 
be  aoon  fatal  to  any  one  unused  to  it.  The  former  are  spoken  of  as  v^ 
discontented,  when  put  on  a  short  aUowanee  of  8  Iba*  of  meat  a  day ;  tlM 
Usual  consumption  being  from  12  to  20  lbs. — ^Tliat  a  much  larger  quanti 
of  food  than  that  formerly  specified,  may  be  habitua.lJy  taken  with  perl) 
freedom  from  injurious  conflequencea^  under  a  particular  system  of  &mi 
cise,  &c.,  appears  from  the  experience  of  those  who  are  trained  for  M 
of  Btrengtl),  pugilistic  encoTmters,  &c.  The  ordinary  belief  that  ij 
Athletic  constitution  cannot  be  long  maintained,  appears  to  have  no  vi 
foundation ;  nor  does  it  appear  that  any  ultimate  injury  results  from  V 
eystem  being  peraerered-in  for  some  time,  Tliat  *  trained*  men  oiteji  fl 
into  bad  health  on  the  ceaaation  of  the  plan,  is  probably  owing  in  pi 
to  the  intemperance  and  other  bad  habits  of  persona  of  the  class  usiu  " 
subjected  to  this  disciphne.  The  effects  of  trainers*  regimen  are  hard 
and  firmness  of  the  muscles,  clearness  of  the  akin,  capability  of 
continued  severe  exercise,  and  a  feehng  of  freedom  and  lightness  ( 
*  corkineaa*)  in  the  limbs*  During  the  continuance  of  the  system,  ili| 
found  that  the  body  recovers  with  wonderful  iiicihty  from  tlie  effects] 
injuries ;  wounds  heal  very  rapidly ;  cutaneous  eruptions  usually  disafl 
pear.  Clearness  and  yigour  of  mind,  abo,  are  stated  to  be  results  of  tj 
pkn,*  I 

51*  It  is  not  enough  for  the  healthy  support  of  the  body,  that  ihe  Fol 
ingested  eliould  contain  an  adequate  proportion  of  alimentary  constituenl 
it  is  important  that  these  should  be  in  a  wholesome  or  imdecompoaij 
Bftate.  It  isa  &ct  very  ^miliar  to  German  Toxicologists,  that  cheese,  baca 
Bausages,  and  other  articles,  may  spontaneously  undergo  such  deletenc^ 
alterations,  as  giye  rise,  when  they  are  employed  as  food,  to  all  il 
aymptoma  of  irritant  poisoning,  which  may  even  jmsa-on  to  produce  faf 
consequences;  that  such  occurrences  are  very  rare  in  this  c^Ruitry, 
probably  to  be  attributed  to  a  difference  in  the  mode  of  preporatiQ 
This  change  does  not  appear  to  consist  in  simple  putrescence ;  for  ^ 
ejects  which  the  cheese-poison^  sausage-poiioiif  &c.>  produce  on  the  ani] 
economy,  are  far  more  potent  than  mere  putrescence  could  occasion; 
it  is  supposed  by  Lteblg  to  consist  in  the  generatiou  of  a  peculiar  ferme 

•  The  Eocthod  of  training  employed  by  Jackfion  (a  e«lebrat©d  tminflr  of  prize*figbt( 
modem  time«),  as  deduced  from  hh  tmawevs  to  queatioi^B  put  to  bim  by  Jitku  Betl,  m 
ii«^D  OD  n  clear  foiindatioti  by  nn  emetic  »nd  two  or  thres  purges.  Beef  mnd  tnutt^ 
ibe  lean  of  fat  meat  being  preferred,  cotiBtituted  the  piiDCipal  food  j  Teal,  Iamb,  m 
pork  wen?  aaid  to  be  lesa  digestible  (/'the  last  purg^  some  men^^K  Fish  wha  Kaid 
be  ft  **  watery  kiud  of  diet :"  aud  is  employed  by  jockeys  who  wiuh  to  reduce  weight] 
iweftting.  St&lo  bread  was  the  ouly  vegeUbte  food  allowed.  The  quiuitity  of  d| 
permitt^  waa  31  pinti  p^  iHem  ;  but  fertneuted  liquors  were  Btrictly  forbiddea.  "^ 
full  njeabj  with  a  light  supper,  were  usually  takeu.  The  quantity  of  e^teiTiAe  euiplojp 
wtt  Tcry  ooDBidentbleT  and  such  as  few  men  of  ordiaary  strength  could  eDdurc^Tl 
aeeonnt  oonopoitdt  very  much  with  that  which  Qu&ter  gave  of  the  North  Ame 
IndiMiSi  when  about  to  >et-fortb  on  a  loQg  mareh. 
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iiicTi  the  stomach  is  not  able  to  decompose.  Similar  changes  in  ordmarf 
li-meat  seem  to  be  aometimea  conaeqtient  tipon  the  preinoua  existence 
of  a  disefkJBed  condition  in  the  animal  which  ftimish©d  it,  Thiia  from 
3Mr.  Gamgee's  mquiries  it  appearn*  that  the  sale  of  meat  derived  from 
animala  which  have  ffu6fered  from  the  now  prevalent  diseases^  pleuro- pneu- 
monia and  typhoid  fever,  is  lamentably  common  even  in  the  London 
niarketa;  and  it  haa  been  weU  atatedf  that  "  although  it  may  be  difllciilt 
to  prove  it  by  actmd  casea,  there  can  be  no  doubt  that  unwholesome  meat 
ifl  one  cauae  amongat  many  of  the  debility  and  cachexies,  the  poverty  of 
blood  and  intractable  maladies  of  the  poor  who  llock  to  the  dispenaaries  and 
parochial  medical  oflieera,  and  especially  of  diarrheca  during  hot  weather/* 
Many  inatances  of  tlib  kind  have  been  recorded ;{  loid  the  risk  is  quite  suf- 
ficient to  justify  a  strict  prohibition  of  the  use  of  any  such  article, — That 
meat  which  is  simply  putrescent  is  to  be  conaidered  as  injurioua/ja'  st^  when 
habitually  employed,  is  acarcely  a  matter  of  reaaonable  doubt.  It  is  true 
that  some  nations  are  in  the  habit  of  keeping  their  meat  nntiJ  it  is  tainted, 
having  a  preference  for  it  in  tliat  condition,  which  seems  to  have  grown 
out  of  the  supposed  necessity  for  thus  employing  it ;  a  presence  which 
has  ita  parallel  among  the  epicures  in  our  own  country,  who  consider  the 
haut  gout  esaential  to  the  perfection  of  their  venison  or  woodcock*  One 
of  the  moRt  remarkable  examples  of  this  kind  among  a  civili^sed  people,  is 
furniahe*i  by  the  itdiabitants  of  the  Faroe  islanda ;  who,  according  to  the 
Eefiort  of  Dr.  Panum,  who  has  investigated  tlieir  Sanitary  condition,  live 
during  a  large  part  of  the  year  apon  meat  in  a  state  of  incipient  decom- 
poaition,  and  introduce  ra3i^  or  half- decayed  maggotty  flesh,  fowl,  or  fiafa, 
as  a  special  rehsh  at  the  end  of  a  meal.§  The  result  of  such  a  diet  is  (as 
might  be  anticipated)  a  continual  disorder  of  the  digestive  organs,  mani- 
festing itself  especially  by  diarrhtEa,  which  also  comphcates  the  course  of 
other  diseases^  and  even  becomes,  from  ita  obstinacy  and  exhausting  cha* 
racter,  their  moat  serious  occurrence.  Moreover,  tlie  Faroeae  are  peculiarly 
liable  to  suffer  severely  from  epidemics^  when  tiiese  are  introduced  among 
them.  Hence,  notwithstanding  tliat  the  usual  rate  of  mortality  is  very 
low  (only  1  in  (34 1  anniially),  it  is  obvious  that  there  is  a  certain  consti- 
tutional condition  among  them,  which  peculiarly  favours  the  reception 
and  propagation  of  zymotic  poisons  j  and  it  is  quite  conformable  to 
the  principles  elsewhere  laid  down,  to  attribute  this  to  the  habitual 
introduction  of  putrescent  matter  witli  the  food.     It  is  probable,  indeed^ 

♦  'Cittld  Plague  and  Diaewed  M«vt/  Letter  to  Sir  O^rge  Qrej,  1857,  quoted  m 
<*Med-Cliif.  BeT.,"1858, 

f  Id  a  £«port  uf  the  Cammlttee  of  tbe  MetropolitAa  Asaoci&L  of  Medici  OfBoen  of 
II«aItli, 

X  8«e  **Ann,  d^HjgidDe,"  1829,  ii  p.  267;  18S4,  ii  69  j  alro  Tajlor  in  **QufB 
Hospital  Ret»rU,"  April,  1843. 

^  Se«  Dr«  Ffttium't  ^  Obserratiolu  oa  sa  Epidemit^  of  Meulet  m  tha  Fiircte  telAitda,* 
in  tlie  '^  BibliQthek  for  l^egr.,"  I8i6  ;  of  vhtdi  au  analyeii  h  given  in  the  *'  Brit  ^nd 
Par.  Med.-Chir.  ReT,/'  toU  vii,  p,  419. — Dr,  Paxmm  wj§,  "During  the  InterrAl  of 
man  J  mootba  tb&t  the  Seib^  latih,  or  fovl,  it  ceitJier  freeb,  nor  yet  wind -dried,  it  h 
called  *  ruat,*  &  vord  vrbicb  I  can  onlj  trtuulate  by  bfilf-rottea.  This  appellatioa  it  (vdlj 
deserves  fruco  the  horrible  Am  el  I  ih&t  it  teada  forth  *  from  ita  moaldj  napeotv  »ad  the 
ttuiue^tis  luaggotg  that  iwarm  upon  it.  I  have  seea  ft  boab'a  crew  of  tight  mea  efiting 
with  gnat  reliili  the  imw  flesh  of  the  ca^iung  whale,  eren  ihough  it  viks  mt  dcc>jmpoa«d 
Ibat  (be  imell  of  It  was  diiagfeeshte  to  me  even  in  an  open  bo&i,  and  the  boitotn  of  the 
bOMt  »M  itooHt  while  witli  the  tujiggdle  tbvt  M  ftom  the  def^jiti^  idmh," 


48 


OF  FOOD,    ANH  THE  DIOESTIYl  PROCESS* 


lihat  if  it  were  not  for  tlio  active  lives  of  the  Fiiroisae,  and  tlieir  liamt 
©xpoaure  to  a   low  external  temperattire,  the  direct  effects  of  their  di 
would  be  far  more  prejudicLal  than  thej  are ;  but  a  large  part  of  tli|) 
are  probably  neutnilLcerl  bj  that  activity  of  respiration  whicli  the  luib 
of  ihc  of  this  hardy  people  induce,  much  of  the  noxious  matter  bei 
decomposed   and   eliminated   by   the   cximbnetive   protseas.       Hence 
may  well  be  conceived,   that  the  effects   of  putrescent  food  would  ' 
much    more    decidedly   manifested    amongst    individuals  dwcIUng 
clofle,  ill-ventilated  apart  men  ta ;  and  altliough  the  same  means  of  col 
pariflon  do  not  exist,  since  thca^  is  no  part  of  our  town-population  haf 
tually  fiubsbting  on  such  a  diet  aa  that  of  the  Faroeso,  yet  there  la  i 
want  of  evidence  with  regard  to  the  injurioos  effects  of  even  the  occagioi 
employment  of  putrescent  food,  especially  when  any  xymotio  disaasa. 
epidemic* 

52.  That  it  is  Water  which  constitutes  the  natural  drink  of  Man,  m 
that  no  other  hquid  can  supply  its  place,  is  apparent  from  the  nui 
curaory  glance  at  its  uses  in  the  Bystem  ;  and  it  ia  only  necessary  here 
remark,  that  the  pxirity  of  the  water  habitually  ingested  is  a  pointy 
extreme  jm|)ortanGe.  A  very  minute  impregnation  with  lead,  for  m 
ample,  is  quite  mifficient  to  develope  all  the  symptoms  of  chronic  lea 
poisoning,  if  the  use  of  such  water  be  sufficiently  prolonged.  In  the  <^ 
of  the  ex-royal  iamily  of  France,  many  of  whom  suffered  in  this  maoB 
at  Claremont,!  the  amount  of  lead  was  oaly  about  one  grain  per  galldj 
and  in  a  case  subsequently  pnbliatiedj  in  which  also  the  symptoms 
lead-poisoning  were  unequivocally  developed,  the  amount  was  no  mej 
than  l-9th  of  a  grain 4  So^  again,  an  excess  of  the  saline  ingrediei 
which  appear  to  be  innocuous  in  small  quantities,  may  produce  a  marl^ 
disorder  of  the  digestive  organs,  and  (through  diem)  of  the  syati 
generally. §  Moreover,  as  in  the  case  of  ibod,  the  presence  of  a  v0 
amall  amount  of  piitresc«nt  matt-er  is  quite  sufficient  to  produce  ti 
most  pernicious  renults,  when  that  matter  is  hahituaUy  introduced  in 
the  system ;  and  these  results^  on  tlie  one  hand,  maniieet  themselves 
the  production  of  certain  disorders  which  appear  distinctly  traceable 
the  direct  action  of  the  fK>ison  so  introduced ;  whilst^  on  the  other,  tfai 
become  apparent  in  the  extraordinary  augmentation  of  the  liability  i 
attacks  of  such  zymotic  diseases  as  may  at  the  time  be  prevalent.  ||     T 


•  Facte  of  thU  kind  hove  been  abunddntly  funikhefi  during  the  viaiUtionit  nf  Cliolii 
Sm  llie  **  Bejiort  of  the  General  Board  of  Health  on  the  Epidemic  Chol^im  of  184S  ii 
1849/'  pp.  63,  64« — An  instance  of  a  rerj  reta&rkable  kind  occurred  at  Bridgeint^ 
tbirardj  the  doaa  of  ihai  epidenxlci  aa  rekted  Ui  the  AntUor  hj  Dt,  Brittan*  A  cnx{ 
of  spoiled  ojaters  having  kte&n  brtuight  tu  the  town^  and  the  sale  of  them  Imviug  b«i 
problfaitvd  on  account  of  their  putrcscont  condition,  they  wer^  givon  away  to  it 
wbo  votdd  receive  them  ;  aud  seveml  chiidrea  is  a  neighbouring  school  partcKjk  of  ih|| 
plentifallj,  In  the  connie  of  the  folloving  sight,  &ii  who  had  eaten  of  tbo  oysters  (bo  i 
M  Dr*  Brittan  oould  ascertain)  were  attacked  with  cholera  and  chokmie  diarrhcE*,  m 
etovcn  cf  th«  child i^n  died  the  next  day.  j 

t  See  the  aeon  nut  of  this  HLse,  which  pro^ntfi  nmny  feat  area  of  great  inti^reat^  in  tfe 
•*DuhIin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.  p.  4 IB.  j 

t  8m  Hertipatli  in  "Medical  Giasett^.''  Sept.  20,  18&0,  p.  518. 

§  Of  thii  a  very  iaitntotire  caae,  which  occnrred  at  Wolvertcn^  haa  been  pnhliahed  j 
Mr.  Corfe  in  tlte  '* FliarmaceQiical  journal,"  July,  1843, 

II  Fur  lunplc  crtdenc«  to  thia  effect,  see  Dr.  Pereira>  '^Treatiie  oh  Food  and  Die^ 
pp,  S&'91 ;  and  the  **  Report  of  the  Gentral  Board  of  Health  on  the  Bpidemio  Oholi| 
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qnantl^  ofwaterd^ly  consumed  is  about  4  or  b  pounds ;  and  a  alight  excess, 
indit^tLve  of  ita  formation  in  the  ay  stem »  ib  daily  elim  mated.  The  ingestion 
of  large  quantities  liaa  been  shown  by  Hosier*  to  canae  a  conaideTable  in- 
ereaae  in  the  diHch^irge  of  urea  and  aalte  in  the  tirine,  which  appears  to 
be  the  result  of  an  increased  raetamorphosia  of  the  albuminous  constdtii- 
enta  of  the  blood  and  tissues.  Besides  Water,  the  chief  fluids  eonfiumed 
in  England  are  Beer,  Tea,  and  CoBTeo.  Wine  is  as  yet  restricted  to  the 
upper  clasaefl ;  but  large  quantities  of  Spirits,  especially  of  Gin,  are  taken 
by  the  poor.  Wliiskey  is  used  by  the  labouring  elates  of  Ireland  and 
Scotlandi  and  Rum  is  still  served  out  to  the  Navy*  The  proportion  of 
Alcohol  in  Beer  varies  from  1  to  12  per  cent.  In  Wine  from  8-15  per 
cent,  ia  ^e  light  wines  of  France  and  Grerraany,  to  25  per  cent,  in  tiie 
Spanish  winea.  Besides  Alcohol  aU  Wines  contain  certain  volatile  Ethers, 
and  more  or  less  of  the  Acetic^  Tartaric^  and  Tannic  Acids.  Sugar  and 
Ejrtrxictives  are  also  commonly  present.  The  use  ofAlcokol^  in  combination 
with  water  and  with  organic  and  saline  comjiotinds,  in  the  various  forms  of 
*  fermented  liquors,*  deserves  particular  notice,  on  account  of  the  numerous 
^llaci^  which  are  in  vogue  re^>ec^ng  it^ — In  the  ^rH  place,  it  may  be 
safely  affirmed  that  Alcohol  cannot  answer  any  one  of  those  important 
purposes  for  which  the  use  of  Water  is  required  in  the  By  stem ;  and  that, 
on  tlie  other  Iiand,  it  tends  to  antagonise  many  of  those  purposes,  by  ite 
j)Ower  of  precipitating  most  of  the  orgjmic  compounds,  whose  solution  in 
water  is  essential  to  their  appropriation  by  the  living  body.  Second lif^ 
the  ingestion  of  Alcohohc  liquors  cannot  supply  anything  which  is  essen- 
tial to  the  due  nutrition  of  the  system ;  since  we  find  not  only  indivi- 
dmib,  but  whole  nations^  maintaining  the  highest  vigour  and  activity, 
both  of  body  and  mind,  without  ever  employing  them  as  an  article  of 
diet.  Thitrili/,  there  is  no  reason  to  believe  that  Alcohol,  in  any  of  its 
forms,  can  become  directly  subservient  to  the  Nutrition  of  the  tissues ; 
for  it  may  be  certainly  aflSrraed  that,  in  common  with  non-azotized  sub- 
stances in  general,  it  is  incapable  of  tranaJbrmation  into  Albuminous 
compoimds ;  and  there  is  no  sufi^cieut  evidence,  that  even  Fatty  matters 
can  be  generated  in  the  body  at  its  expenae.f  Fourth  Iff,  the  Alimentary 
value  of  Alcoholi  if  it  possess  any,  consists  merely  in  its  power  of  con- 
tributing to  the  production  of  heat,  by  affording  a  pabuhun  for  the  re- 

of  1848  and  1349,*'  pp.  69-63,  "  Appeadii  a,"  p.  14,  and  '*  Appendii  b,"  pp.  91*95, 
— The  foUoTiDg  T^rj  instnicMTacfiae  ocaarr^  &  f$w  jeAn  sgo,  TitUla  tha  Autbor*^  own 
knawledge.  Tq  a  csertain  terrace,  in  tlje  mm%  ariBtoeiatie  saborb  of  a  Urge  proriti«ial 
Uiwa,  camisim^  of  honses  cif  a  superior  chss,  and  reiy  Ck-roanbl;  Altuat«d  an  r^garJg 
thfl  aoceAi  of  pure  air,  an  epidemic  of  gafitrie  fever  broke-out,  mtK^h  to  the  OMtQnmhrnexii 
anil  disraaj  of  the  reaidenU,  no  «acli  malady  having  ever  been  known  to  prcTatl  m  the 
neighbourlidod.  It  waa  loon  ohwrred*  however,  that  the  attiicka  of  Ibe  fever  were 
Urnlied  (in  the  first  instance  at:  least)  to  thoae  mdiridaala  who  were  ■ocaAtomad  to  use 
the  water  of  a  neighboaring  well  ;  those  who  were  supplied  from  a  de«p  spring  at  a 
diitanee  being  entirely  free.  For  some  little  time  before  this  outbreak*  a  diisftgroeable 
taste  had  been  observed  m  the  well-water ;  and  this  w&s  lubsequentty  traced  to  the 
burttmg  of  a  aewer,  which  had  diachaziged  part  of  ite  contents  into  the  well.  This  caDU 
being-  remoTed,  there  hm  ainoe  been  no  tendency  whatever  to  a  recMrrence  of  Ihe 
effect, 

*  ''Archivdes  Vereins,  gemeina.  Arbeit.,"  Band  iiL,  1867,  p.  398. 

t  It  is  quite  trne  that  Home  pereons  who  consame  large  qnan title*  of  fermented  Hqnore 
beeome  very  fat ;  hot  the  material  for  thig  fat  ia  probably  derived  in  part  from  the  eon- 
atitueats  ef  tlie  food,  and  la  part  from  tbe  dismtsgtation  of  the  tiasnes  ;  the  hydroear- 
mattera  in  the  i^fft«m  being  prerented  from   undergoing  the  combtiative 


OF  FOOT>,    AT^^  the  DIOESTrVE   PBt>CESS. 


ipixatoiy  process :  but  the  experiments  of  Duroy,  LaUetnand,  Perrin,^ 
atid  those  of  Bt.  Ed,  Sinith,f  Imve  nhovvTi  that  some  at  least  of  th' 
Alcohol  absorbed  is  dischargecl  unaltered  in  tlie  secretions  of  the  akin 
hrngBf  and  kidneys,  whilst  the  result  of  the  experience  of  Arctic  Yoyagers  i 
most  decithd  in  regard  to  the  comparatively  low  value  of  Alcohol  lu 
heat- producing  material. J  Fifth  bf^  the  operation  of  Alcohol  n|>on 
living  body  is  esientially  that  of  a  stirmilns  ;  increasing  for  a  time,  li 
other  stimuli^  the  vital  activity  of  the  body,  and  eB])ecially  that  of  1 
nervo-muacnljir  apfmratusT  so  that  a  greater  effect  may  often  be  produ* 
in  a  given  time  mider  ita  use,  than  c^n  be  obtaine<l  without  it;  l>ut  bed 
followed  by  a  corres]ionding  depress! tm  of  power,  which  ia  the  more  p] 
longed  and  aeverei  in  projiortiou  aa  the  previous  excitement  has  b< 
greater.  Still  it  is  certain  tliat  Alcohol  is  not  without  its  value  im< 
various  corporeal  conditions;  and  the  views  expressed  by  Dr.  Ha 
inond^l  tliat  its  effects,  injurious  or  salutary,  are  in  great  meaati 
dependent  upon  the  quantity  of  food  consumed  with  it,  are  probably 
true.  When  the  food  is  ample  in  quantity  and  varied  in  qualit}' 
and  the  digestion  good^  Alcohol  Is  unnecesaaiy,  exciting  the  circulation 
and  tending  to  produce  a  plethoric  condition  of  the  system  ;|  but  wbei 
the  diet  ia  insuiScient,  or  the  digestion  feeble,  the  effects  of  Alcohol,  wliei 
taken  in  moderate  quantitiei,  seem  decidedly  beneficiid,  the  body  not  onl; 
ceasing  to  luse^  but  actually  gaining  In  weight :  the  Alcohol  either  takiuj 
the  place  of  the  food,  or  retarding  the  metamorphosis  of  tlxe  tissues.— 
The  Physiological  objections  to  the  habitual  use  of  Alcoliolic  liqnon 
rest  upon  the  following  grounds.  Firsts  tliey  are  universally  admi 
to  poeaess  a  poisoiiotfs  character,  when  adniinistered  in  large  dos 
death  lieing  the  spe^y  resiiltj  through  the  suspension  of  nervous  po 
which  their  introduction  into  the  circulation  in  sufficient  quantity  is 
tain  to  induce.  Seeondti/f  when  habitually  used  in  cjccesaive  quantities 
universsil  experience  shows  that  Alcoholic  liquors  tend  to  produce  a  nior 
bid  condition  of  the  body  at  large,  and  especially  of  the  nervous  S}^tem 
this  condition  being  such  as  a  knowledge  of  its  modns  operandi  on  th 
body  MTouJd  lejid  the  Physiologist  to  predicate,  Thirdlj/^  the  frequon 
Dccmrence  of  more  chronic  diBeaaes  of  the  F5ame  character!  among  persoa 
advanced  in  life,  who  have  habitually  made  use  of  Alcoholic  liquors  | 
*  moderate'  amount,  affords  a  strong  probability  tiiat  they  result  from 
gradual  perversion  of  the  nutritive  processes,  of  which  that  liabit  is  t 

pn>C«B§  to  wbich  tliey  would  other«ri»e  be  subject.  Much  of  the  latty  deposit 
iDtemperate  perBoni  huA  tho  oharacUr  of  *  fiittjr  degdueratiem  f  the  tendency  to  whi 
U  very  luArked  In  perwns  of  thlB  cUsb. 

•  "Da  rOk  de  TAlcool  et  dcs  Anesthfitiquea  daaa  T Organ IsmQp'*  1860, 

f  "Cjclical  Chaufiefl." 

t  Dr*  Marc«t|  who  has  given  au  excellent  account  of  the  loDg^continu^d  actiQii^ 
slininlftiitv  upou  the  health  in  hin  ^*  Cbronk  Alcoholic  Intoxication/'  1862,  iaof  opi^lff 
tk&t  very  Utt!e  of  the  AIcc>hol  laken  by  habitual  drink erfi  U  really  abfiorhed  mto  th 
blood  ;  tbo  greater  part,  after  ntidei::going  certain  cbemical  changieSp  hmng  eliminate 
through  th?  IntesttueA  with  the  otiier  excreta.  i 

5  "Amer.  Jo  urn.  of  Med.  Sciences,"  Oct.  IB  56,  ] 

II  According  to  Dr.  fid.  Smith  T' Tnumact,  of  Boy.  Med.  Society  of  London,"  toL  l 
pt.  t.f  p.  1,  ISSI),  Abobol  iaterferea  with  AUmentatif>ii,  diEuiniflhefl  the  CKcrelioa  c 
Urea  and  the  action  of  the  Ski  it  j  atid  mcrcftaes  the  general  activity  of  the  Tuctilii 
Syatem^  Hum  mcreaeett^  but  Brandy  and  Gin  lessen  the  excretioii  ^f  QiM^hmiG  Aoi* 
bj  the  lungs. 
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Thb  perTeraioTi  nianifesta  itself  peculiarly  in  the  ten  dene j  to 
*fetty  degenemdon'  of  the  muscidar  siibetanee  of  the  heart,  of  the  walbof 
the  arteries,  of  the  gkntlular  substance  of  the  kidney  aad  hver,  tmd  of 
manj  other  parts;  and  thus  gives  rise  to  a  great  variety  of  fonna  of 
disease.  Fourth  i if ^  the  apeckJ  liability  of  tlie  intemperate  to  ;iymotic 
disea^^esv  seems  an  indication  that  the  habitual  ingestion  of  Alcoholic 
liquors  tends  to  prevent  the  due  ehrnination  of  the  azotized  products  of 
the  diaintegration  of  the  system^  ai;d  thus  to  induce  a  *  iermentible* 
condition  of  the  blood.  Fijlhitfy  extended  experience  has  gho\?iij 
that  notwithstanding  tlie  temporary  augmentation  of  power  which  may 
result  from  tlie  occasional  use  of  fomented  hquora,  the  capacity  for  pro- 
longed endurance  of  mental  or  bodiJy  labour,  and  for  resisting  the 
extremes  of  heat  and  cold,  as  well  as  otber  dejiressing  agencies,  is  dimi- 
nished rather  than  increased  by  their  habitual  emplo^Tnent,  On  these 
grounds,  the  Author  has  felt  himseLf  fully  justified  in  the  conclusion, 
thatj  for  Physiological  reasons  alone,  habitual  abstinence  from  Alcoholic 
liquors  is  the  best  rule  that  can  be  laid  down  for  tJie  great  majority  of 
h^thy  individuals ;  the  excejitional  cases  in  which  any  real  benefit  cim 
be  derived  from  their  use,  being  comparatively  few,* 

53.  Tlie  verj  extensive  employment  of  Tobacco  by  men  of  almost  every 
rank  in  society  in  this  coimtry,  and  the  large  consumption  of  Tei  and  Coffee 
hy  both  sexes  tlirougbout  the  community  render  the  study  of  their  efiects 
Upon  the  animal  economy  particularly  interesting^  though  up  to  the  present 
time  exceedingly  few  observations  have  been  made.  The  effects  of  Tobacco 
are  chiefly  due  to  the  absorption  of  the  extremely  poisonous  liquid  Al- 
kaloid Nicotia,  which  exists  in  the  plant  in  combination  witli  Citric  and 
MaHc  Acids,  and  from  its  remarkable  volatility,  is  contained  in  and  inhaled 
with  the  smoke  of  the  smotddering  leaves.  Its  chemical  comjio^itioti  is 
represented  by  the  formula  C^^H^N.  Dr.  Hammond's  conclusions 
{Op,  cit.)  from  his  experiments  ujKm  the  use  of  Tobacco  are j  that  whilst  it 
only  slightly  affects  the  excretion  of  CHarbonic  acid  from  tlie  lungs,  it 
diminishes  the  quantity  of  ibces,  urine,  aqueous  vapour,  and  of  cblorine^ 
but  it  increases  the  amount  of  uric,  phosphoric^  and  sulphur ic  acids 
ehminated  by  the  kidneys,^ — circumstaaces  which  seem  to  indicate  that 
there  is  an  increase  in  the  interstitial  changes  taking  place  in  the  brain  and 
nervous  tissue,  of  which  there  are  other  indubitable  signs,  as  wakefulness, 
tremblings  and  nervous  excitements  The  quanti^  employed  in  the  ex- 
periment was  two  cigars  tlirice  a  day,— These  results  accord  with  general 
experience ;  and  there  are  few  who  wiU  not  coincide  with  the  moderate 
tone  of  Sir  B.  Brodie's  well-known  letter  to  the  **  Times''  on  this  subject, 
dated  Aug.  27,  18 GO,  in  which  he  observes  that  when  used  in  niofleratc 
|nantifcy,  and  imder  circumstances  of  privation.  Tobacco  may  be  not  only 
aless  but  absolutely  benefichil,  by  soothing  and  traiiqiullizing  the 
ervous  system,  allaying  hunger  and  the  uneasy  feelings  produce^l  by 
mental  and  bodily  exhaustion  ;  but  that  in  too  many  instances  it  is  only  a 
bad  habit,  producing  a  greater  or  less  degree  of  derangement  of  the 
nervous  systemT  and  indisposing  to  both  mental  and  bodily  exertion.  Tea 
and  Coffee,  though  derived  from  different  classes  of  the  Vegetable  kingdom, 

*  Sm  bii  **  Phjaicilog;  of  Tempennoe  and  Total  Abatiiieiie«  ;"  Mso  tho  important 
Ti^&tts«  on  **  Alcflhoiismna  Chronieua**  by  l>r,  Unas  of  Stockbolna,  of  wbicb  nn  nbatnict 
is  given  io  tho  **  Brit,  and  Far,  Med,<Cliir.  Ect./'  toIi.  mL  and  ix. 
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appear  to  contain  nearly  the  same  orgnnic  constitiieota,  but  in  diflfei 
proportions^  as  ahoTVQ  in  the  following  analysis  ; — 

TOO  Parts  of  Tta  100  ParU  of  Ctgtt 

Water ,    .     .    B       , 12 

Theine 3        ,,,,-,,       175 

C^aeltia   <     .     .     «     •     4     ■     •   15       t     ,.,...  IS 

Gum  .<,.-*,..  18       * ft 

Sug&r      *,.,.,,.     3        p     «     »  ...      S*5 

TutinioAdd 26-25 4 

Ai^maUo  OU    .    -     .    -     .     .    0-76 -      0,003 

Fibre 20 •  85*048 

F..  .,|?i;".r;:|  '    J£^:;;j« 


Mineral  Subistances 


6*7 


In  making  ^*  Tea  *'  and  "  CoflTee,^*  the  Tlieino,  Gum,  Sugar,  and  Tannl 
Acids  are  chiefly  extracted,  the  Casein,  unless  a  little  soda  be  added  i 
the  water,  being  undissolved.  It  is  a  singular  circmn^iance  that 
Alkaloid  contiiined  in  Tea  and  CoSee,  as  well  as  that  in  Mate,  the  \ 
uaed  lor  tea  in  Faragtiay,  sliould  liave  the  same  chemical  compositia 
(CjJ^I^^jN^O^  +  2  Aq.).  Strong  decoctions  of  both  fltiida  comiteract  tK^ 
tefidency  to  sleep,  but  Voit  found  in  an  extended  series  of  experiments 
upon  a  dog,  that  Coffee  possessed  little  or  no  influence  upon  tlie  general 
nutrition  of  the  body  m  that  animal,*  J.  Lehnnann^f  howcvett  arrived 
at  tlio  conclusion  that  Coffee,  and  Bocker  f  tliat  Tea,  etxerciscd  an  im- 
portant influence  in  retarding  the  waete  of  the  tifisues  in  Man ;  and 
Dr,  Ed.  Smith  §  considers  that  whilst  the  employment  of  Cofltee  dimi| 
nishes  the  action  of  the  akin,  it  increases  that  of  the  bowels* 


2,  Of  Hunger  and  Thirst ; — Starvation* 

54.  The  want  of  solid  Aliment^  arising  fi<om  the  demands  of  the 
sj'^ateni  for  the  materials  requisite  for  the  growth  and  maintenance  of  the 
body,  and  for  the  combust ive  process,  is  indicated  by  the  sensation  of 
Himger ;  and  that  of  liquid,  by  Tliixst.  The  former  of  these  sensations 
is  referred  to  the  stomachy  and  the  latter  to  the  fauces ;  but  although 
certain  conditions  of  these  parts  may  be  the  immediate  cause  of  the 
sensiitions  in  question,  they  are  really  indicative  of  the  requiremcnta  of 
ttie  system  at  large.  For  tlie  intensity  of  the  feeling  bears  no  constant 
relation  to  the  amount  of  solid  or  liquid  aliment  in  the  stomach ;  whilst^ 
on  the  other  hand^  it  does  currespond  with  the  excess  of  deaiand  in  the 
Bysstem,  over  the  supply  afforded  by  the  blood  ;  and  it  is  caused  to  abate 
by  the  introduction  of  tlie  retpusite  material  into  the  circulating  fluid, 
even  though  tliia  be  not  accomplished  in  the  usual  manner  hy  the  ingestion 
of  food  or  drink  into  tlie  stomach, 

55.  That  t!»e  sense  of  Hunger,   however,   la  immediatdif  de|>endent 
upon  some  condition  of  the  Stomach,  seems  to  follow  from  the  fact,  ' 
it  may  \m  temporarily  alleviated  by  introducing  into  the  digestive  cavife 

*  See  Henle  aitd  Me!«sner,  *'  Berleltt**'  ISffO,  p,  402. 
f  '^Ltebig^a  Aatialei],'^  IxrxviL  p,  205. 
t  '^AretiiT  d.  V^roina  f.  getDeinB."  1863. 
{   "Dublia  Bled.  Journ.,"  1860,  p.  59, 
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matter  which  is  not  alimentary.  Of  the  precise  nature  of  that  condition, 
we  have  no  certain  knowledjge.  It  is  esLsy  to  prove  that  many  of  the 
causes  which  have  b^n  aasagned  for  the  sensation^  are  but  little,  if  at  all, 
concerned  in  producing  it.  Thusj  mere  emptiness  of  the  Stomach  cannot 
occasion  it ;  ainco,  if  the  previous  meal  have  been  ample^  the  food  paisea 
from  its  cavity  some  time  before  the  imeasy  feeling  ia  renewed ;  and  diia 
empiliieaB  may  continue  (in  certain  disordered  states  of  the  system)  for 
many  hours  or  even  daya,  without  a  return  of  desire  for  food.  B<^ide», 
the  stomach  may  be  filled  with  food,  and  yet  Hunger  may  be  intensely 
felt^  if,  from  disease  of  the  pylorus  or  any  otlier  cause,  there  be  an  obstacle 
to  the  passage  of  the  aliment  into  tlie  intestine,  and  to  the  completion  of 
the  processes  of  chyllficatioii  and  absorption,  so  that  the  system  needs 
that  which  the  digestive  apjjaratus  is  unable  to  provide  for  it.  Again, 
the  sense  of  Hunger  cannot  be  due,  as  some  have  supposed,  to  the  action 
of  tlie  gastric  fluid  upon  the  coats  of  the  stomach  themselves  j  since 
this  fluid  ia  not  poured  into  the  stomach,  except  when  its  production  ia 
stimulated  by  the  irritation  of  the  secreting  fbUicles. — It  may,  perhaps, 
be  a  more  probable  supf)osition,  Uiat  there  is  a  certain  condition  of  the 
Capillary  circulation  in  the  Stomachy  wliich  is  preparatory  to  tlie  secretion, 
and  which  is  excited  by  the  influence  of  the  Sympathetic  nerves,  that 
commimicate  (as  it  were)  the  wants  of  the  general  system.  This  condi- 
tion may  be  easily  imagined  to  be  the  proximate  cause  of  the  sensation  of 
hunger,  by  acting  on  the  nervous  centres.*  When  fixwl  is  introduced 
into  the  stomach,  the  act  oi'  secretion  is  directly  excited ;  the  capillary 
vesBels  are  gradually  unloaded  ;  and  the  immediate  cause  of  the  impre«- 
ston  on  the  nervous  system  is  withdrawn,  f  By  the  oonveraion  of  the 
alimentary  nyitter  into  materials  lit  for  the  nutrition  of  the  system,  the 
remote  demand  also  is  satisfied ;  and.  tlius  it  is,  that  the  condition  of  the 
stomach  just  referred- to,  is  permanently  relieved  by  the  ingestion  of  sub- 
stances that  can  serve  as  food.  But  if  the  ingested  matter  bo  not  of  a 
kind  capable  of  solution  and  a^imilation,  or  the  digestive  apparatus  can- 
not effect  its  preparation,  tlie  feeling  of  hunger  is  only  temporarily  relieved, 
and  soon  rettirns  in  greater  foro^  than  before. — The  tlieory  heje  given 
seems  reconcilable  with  all  that  has  been  said  of  tlie  conditions  of  the  sense 
of  Hunger  \  and  particularly  with  what  is  known  of  the  effect  produced 
upon  it  by  nervous  impressions,  which  have  a  peculiar  influence  upon  tiie 
capillary  circulation.  It  also  corresponds  exactly  with  what  we  know  of 
the  influence  of  tlie  nervous  system,  and  of  mental  impressions,  upon  other 
secretions  (cn.ip.  xv.)* 

*  It  w&B  jaalutatned  by  Bruchet,  ibat  Uie  ieiLfes  of  Hiiager  mul  Satiety  is^re  tknmhlhieA 
by  aectigin  of  the  Pneamogaitiic  nerves,  whtcb,  If  true,  would  strouglj  cunfiriii  the  view 
that  the  immediate  source  of  these  neoBea  li€«  Ld  thi?  cojulitioij  of  the  St&tDoch,  But  the 
reieArchcs  of  other  experimetiUns  inLTtkuIiu-L;  those  of  Dr.  JoJm  Ueid  C*  Kdiub.  Med.  Mid 
8uig.  Jonm."  April,  iu;i9,iind  *'Phj Biological,  Analoniiail,  andrailioloi^icAlRefieajfcheB,'' 
pp.  234-230),  aiid  of  Btimard  (Lecture  xxi.,  "Med.  T-  and  Oaa/'  July,  i8eJ0)|  di>  out  ixjq- 
firm  thii  view  ;  for  they  seem  to  hBow  tkat  aftcsr  the  immedbte  effect  of  the  apemtiou  haa 
Hiibmdet!,  ftuimnh  take  food  with  no  Iqjss  avidity  tbau  prevluQalj.  !t  app«iu^  however, 
from  l)r.  Reid'i  observation b,  a^  well  afl  from  those  gf  YaleiitiD,  thai  tlie  aeiUM  cf 
Satiety  ia  more  dependent  upon  thectmtlrmity  of  these  nerves  than  is  thalof  Mimg^r  [  for 
animais  oq  which  the  section  of  the  Pn«aiiioga«tno  haa  beea  performed,  do  not  ise^ta 
to  know  wheu  they  bave  had  enough,  bat  cuntiuoe  to  gorge  them«elve»  with  food  lung 
afbeT  the  atomach  haa  b«en  mlequately  fiUed. 

f  These  views  seem  to  W  coofirmed  by  the  obaervaiioua  of  M.  Bsruaiid  oa  the  ccwdi- 
tioa  oi  the  gastric  foUiclcs  during  tlio  iutervals  of  Uieir  functional  m^tiTity, 
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56.  The  sense  of  Hunger^  lilce  other  seneations,  may  not  be  taken 
ni^ance  of  by  the  Mind,  if  ita  attetition  be  strongly  directed 
other  objects ;  of  this  fact,  almost  every  one  engiiged  in  nctiTe  ojjeratioi 
whether  meiifcil  or  bodily,  m  oci^siomilly  conscious.  The  nocturne 
stiideutj  who  takes  a  light  and  early  eveniiig  meal,  and^  after  devotin| 
himsell' to  his  pursuits  for  several  hours  uninterruptedly,  retires  to  rei 
wttl)  a  wearied  head  and  an  empty  stomach »  but  without  the  least  sensa 
tion  of  hunger  J  is  frequently  prevented  firom  sleeping  by  an  indcacriliabli 
feeling  of  restlesaneaa  and  dejidencti ;  and  the  introduction  of  a  smfj 
(juantity  of  food  into  the  stomach  will  almost  insL^ntaneousiy  allay  ihii 
and  procure  comfortable  rest.  Many  persons,  again,  who  desire  to  taki 
active  exercise  before  breaktiist^  are  prevented  from  doing  so  by  the  laasi 
tude  and  even  taintness  which  it  induces, — the  bodily  exercise  increasin 
the  demand  for  food,  whilst  it  draws- off"  t}ic  attention  from  the  sensatio 
of  hunger, 

57.  The  conditions  of  tiie  sense  of  Thirst  appear  to  be  yery  analogot 
to  those  of  bmiger.     This  sense  is  not  referred,  however,  to  the  stonmcl 
hut  to  the  ^uces.     It  is  probably  even  more  immediately  connectetl  wit 
the  state  of  the  general  system,  than  that  of  hunger ;  for  the  immedial 
relief  afForded  by  the  introduction  of  liquid  into  the  stonjacht  is  full 
acooiinted-for  by  the  instantaneous  absorption  of  the  fluid  into  the  veini 
which  is  well  known  to  take  place  when  tliere  is  a  demand  for  it,     Thi 
demand  is  increased  with  almost  equal  rapidity,  by  an  excess  in  til 
amount  of  the  fluid  excretions ;  and  it  may  be  satisfied,  or  at  least  allevir 
ated,  without  tlie  introduction  of  water  into  the  stomachy  this  having  b( 
one  of  the  results  observed  after  the  use  of  saline  injections  into  the  vein 
in  c»BC3  oi'  Asiatic  Cholera,  as  well  as  after  immersioii  in  a  warm  bath  h 
ona^  of  extreme  dysphagia.     Thirst  may  also  be  jirodiiced-,  however,  bjr 
the  imprraaion  made  by  peculiar  kinds  of  ibod  or  drink  upon  the  walls  of 
the  alimentary   canal ;  thus    salted   or  highly -spiced   meat,    fermented 
Ikjuors  when  too  little   diluted,  and  other  similarly   irritating  agents, 
excite  thirst ;   the  purpose  of  which  is  obviously  to  cause  ingestion 
fluid  by  which  they  may  be  dihited. 

5S.  The  re«uhs  of  an  entire  deficiency  of  Food,  or  of  ita  supply  in 
measure  inadequate  for  tlie  wants  of  the  system »  constitute  the  phenonn 
of  Imimtton  or  Starvation,  These  have  been  experimentally  studied  by 
M.  Choi3sat*  on  Birds  and  Mammals;  and  the  information  thence  gaiiw 
leads  us  to  a  better  com  prehension  of  what  is  (mifortunately)  too 
ipiently  exhibited  In  the  Ilmnan  subject. — ^The  following  were  thegeni 
symptoms  noted  by  M*  C'hoasiit.  The  animals  usually  remain  calm  during 
the  tirst  half  or  two- thirds  of  the  period ;  hut  they  then  become  more 
or  less  agitated;  and  this  state  continues  as  long  as  their  tem|jeruttire 
remains  elevated.  On  the  last  day  of  life,  however,  whilst  the  tempera-^ 
ture  rapidly  tklb,  tliis  restlessness  ceases,  and  gives  place  to  a  state  cM 
stufior.  The  animal,  wdien  set  at  liberty,  sometimes  looks  roimd  with 
astoniihnient,  without  attempting  to  lly  ;  and  sometimes  closes  the  eyes, 
as  if  in  a  state  of  sleep.  Gradually  tlie  extremitiea  become  cold,  and  the 
limbs  80  weak  aa  no  longer  to  be  able  to  sustain  the  animal  in  a  standing 
posture ;  it  falls  over  on  one  side,  and  remains  in  any  position  in  whi< ' 


*^Bechcrcbe8  BxpdHutenUle^  sur  rinaujliuii/'  VmIm,  I843p 
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it  may  be  placed,  without  attempting  to  move.  The  respiration  l>ecomeB 
slower  and  alower;  the  general  weakness  increases,  and  the  insenaibilJty 
becomes  more  prolbiind;  the  pupil  dilates;  and  life  becomesi  extinct, 
aometimea  in  a  calm  and  tranquil  manner,  sometiraea  after  convulsive 
actiooa  producing  opisthotonic  rigidity  of  the  Iwdy,  After  the  first  day, 
in  which  the  faeces  contain  the  residue  of  tlie  food  previously  taken, 
their  amount  ia  very  email ;  and  they  seem  to  consbt  princi|Jally  of 
grass-green  biliary  matter.  Towardi  the  close  of  lite,  they  contain  a 
much  larger  quantity  of  water,  even  when  none  has  been  ingested  by  the 
animal ;  and  include  much  saline  matter  in  addition  to  tie  biliary. — 
The  average  loss  of  weight  in  tlie  warm-blooded  animals  experimented- 
011  by  M,  Ghosaat,  between  the  commencement  of  the  period  of  Inanition 
and  its  termination  by  death,  was  40  per  cent;  but  he  met  with  a 
considerable  variation  in  tlie  extremes,  which  seemed  to  depend  chiefly 
on  the  amount  of  &t  previously  accumulated  in  tiie  body  \  those  animals 
loang  most  weight,  in  which  the  fat  had  been  most  abundant,  which 
were  also  those  that  lived  the  longest.*  Taking  40  per  cent  as  the 
mean,  M,  Chossat  obtained  the  following  curious  results,  as  regards 
the  relative  diminution  of  the  sevend  tissues  and  organs  of  tlie  body ; 
those  which  lost  more  than  the  mean,  being  distinguiahed  from  those 
which  lost  kss. 

VoTtA  which  lots  si&in  thui  40  per  eent.  P&rta  whlcb  \om  lest  tl^an  40  per  c  eat  > 

MasctilftT  coiat  of  fitdoLach     .     .     .  39*7 

Pharytix  atiJ  oa«>|i]ii&^*iis .     .     ,     .  34  2 

Skin,     ..........  S3*3 

Kidn^ya. 31*9 

EespimUirj  appar&tna     .     .     .     .  22*2 

i}wea\ia  AynUita,     *     .     »     *     *     •  1(J7 

Ey«a 100 

Nerroiw  Bjatera     ......  1  '9 

The  pointa  moat  worthy  of  note  in  the  above  table,  are  the  almost  com- 
plete removal  of  the  fat,  and  the  reduction  of  the  bhod  to  three- fourths 
ita  normal  amount ;  whilst  the  ntn^us  Sffstem  undergoes  scarcely  any 
loss.  It  would  seem,  in  feet,  as  if  the  supervention  of  death  was  coinci- 
dent with  the  consumption  of  all  the  disposable  combnstive  material ; 
and  that  up  to  that  poinl^  the  whole  remaining  energy  of  nutrition  is 
concentnited  upon  tlie  nervous  system.  And  it  will  be  shoi^ni  hereal^er 
tliat  there  is  adequate  ground  for  considering  deiith  by  starvation  as  really 
death  by  cold ;  since  the  temperature  of  the  body  is  maintained  with 
little  diminution  until  the  fat  is  thus  consimned,  and  then  rapidly  ihUs, 
lUiless  it  be  kept  up  by  heat  externally  applied .^ — As  might  be  expected 
from  the  comparative  rapidity  of  interstitial  change  at  the  earlier  periods 
of  life,  it  was  found  by  Chosaat  that  the  diurnal  loss  was  much  the  most 
rapid  in  young  animals,  and  that  the  duration  of  their  Uves  when  deprived 

*  Tber«  is  n  well-kxtovn  caaa  of  a  tat  plg^  which  wia  buried  ia  ita  stif  for  160  dAyi, 
under  thirty  feat  of  the  chalk  of  Dover  cliff ;  and  which  wm  dug  oat  alive  *t  the  end  of 
that  time,  reduced  ia  weight  from  160  lbs,  to  40  lbs. ^  or  no  Ifiw  tlu&n  75  per  cent. 
(*'  Tnuii.  of  Lmn*  Soo.,"  toL  li.  p.  411).  The  ejctraordiiiary  prolongatiuti  gf  life  in 
tbb  cue  may  be  attribateil  to  the  retention  of  the  htui  of  the  lidy  by  the  noti  cutiducl- 
iii^  power  of  the  ehalk,  and  to  the  retention  of  ite  m</i*ture  bj  the  saturation  of  the  «Jr 
ia  ita  immediate  Tidnitj,  and  rtatriction  of  iU  morenjeaU. 


Fat 

,     .     93-S 

Blood 

.     75^0 

SiOwn    *.,..,, 

.    *     71-4 

PaDcrea* 

Liver .     *     .     ♦     ^     »     ,     , 

,     .     6*1 

.     .     52-0 

Heftrt     *...,,, 

41-9 

Inteftinw    ...... 

Mttseles  of  Looomotioa    .     . 
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of  food  Tvaa  consequently  fur  leaa  tlian  tlmt  of  adulta .  lie  further  aa 
tained  that  tlie  results  of  tRsufficieni  aliiuentEition  were  in  the  end  tb 
same  as  those  uf  entire  deprivation  of  food ;  the  total  amoimt  of  loss  beii: 
ahncMt  exactly  identical,  but  its  rate  being  less,  so  tiiat  a  longer  time  w, 
retiiiJred  to  produce  it.  He  did  not  find  that  much  influence  was  exerts 
on  the  duration  of  life,  by  permitting  or  withdrawing  the  eupply  of  water;* 
but  Scheffer*  foiind  in  a  dog  wholly  deprived  of  vrater  the  loss  in  weight 
of  the  different  organs  was  nearly  the  same  as  in  deprivation  of  solid  foo4i 
except  in  the  case  of  the  adipose  tissue,  which  does  not  materially  dinM 
nisli.  All  the  tissues  become  much  drier ;  the  skin^  tendons,  muscleM 
intestines  and  blood*  containing  trom  4-11  per  cent  more  sohd  residitil 
than  in  health.  The  brain,  however^  and  glandular  organs  were  much  less 
aifected.  And  it  appeiirs  aJao  that  in  Man  death  supervenes  much  earhe 
when  liquid  as  well  as  sohd  aJiment  is  withheld ;  and  the  indifferenc 
observed  by  Chossat  in  the  case  of  Birds  is  probably  due  to  tlie  iact,  tlia 
they  ordinarily  drink  very  sparingly,  and  eliminate  very  Httle  water 
tlieir  various  excretioTis. 

bO.  The  most  prominent  symptoms  of  Star^^ation,  as  they  have 
noted  m  the  Human  subject,  are  as  Ibllowa : — In  the  first  place,  seveii 
pain  in  Uie  epigastrium,  which  is  reheved  on  pressure }  this  subsides  afl 
a  day  or  two,  but  is  succeeded  by  a  feeling  of  weakness  and  '  shikiug '  in" 
the  same  region ;  and  an  insatiable  thirst  supervenes,  which,  if  water  be 
withheld,  tlienceforth  becomes  the  most  distressing  symptom.  The  coun- 
tenance becomes  pale  and  cadaverous ;  the  eyes  acquire  a  peculiar  wild 
and  glistening  stare ;  and  general  emaciation  soon  manifests  itself  The 
body  then  exhales  a  peculiar  foetor,  and  the  skin  is  covered  with  a 
brownish,  dirty- looki^ig,  and  oiTensive  accretion.  The  bodily  strength 
rapidly  declines ;  the  auJfTerer  totters  in  walking,  his  voice  becomes  weak/ 
and  ho  is  incajmble  of  the  least  exertion.  The  mental  ix>wera  exliibit  a 
similar  prostration  j  at  iirst  there  is  usually  a  atjite  of  stupidity,  which 
gradually  increases  to  imbecHity,  so  that  it  ia  ditiicidt  to  induce  the 
sufferer  to  make  any  effort  for  his  own  benefit ;  and  on  this  a  state  of 
maniacal  dehrium  Ireqnently  supervenes.  Life  terminates  either  in  the 
mode  described  in  Choswit's  observations,  or,  as  occasionally  happens,  in 
a  convulsive  paroxysm .f —On  post-mortem  examination,  the  conditioD 
of  the  body  is  ibund  to  be  such  as  the  reaulta  of  Chosaat^s  observations 
would  indicate ;  namely,  extreme  general  emaciation  and  disappearance  of 
fat,  diminution  hi  the  bulk  of  the  principal  viscera,  and  ahnost  complete 
bloodlessness^  save  in  the  brain,  which  still  receives  its  itsiial  supply.  It 
is  specially  worthy  of  note,  tliat  the  coats  of  the  small  intestines  are 
peculiarly  tliinned,  so  that  they  become  almost  transparent ;  and  that  the 
gall-bladder  is  almost  invariably  turgid  with  bile,  the  cadaveric  exudation 
of  which  tinges  the  euirounding  parts.  And  further,  tlie  body  rapidly 
passes  Into  deoompoffltioii.  ■ 

CO*  Now  it  is  jieculiarly  worthy  of  note,  that  the  deficient  supply  (^ 
new  histogenetic  materials  appears  to  check  the  ellmuiation  and  removal 
of  those  which  have  become  effete  |  for  in  no  other  way  can  we  a^icou 


ouqH 


*  Lwdwig,  "  Phjsiologie,"  1861,  voL  ii.  p.  633. 

+  S^  Boutao  in   *'I>ictioa,  de  M^deciue/'  (irt.   ^  AbsUneDce ;'  and  Dr.  DoaoT&u'i 
account  of  tbe  Iriah  fsiuiiue  uf  I8i7  m  the  '*  Bublin  Medical  Broa/^  Feb.,  lilB  ;  »]io_ 
a  pap^r  by  Martia,  '*  Med,  T.  and  Qm^  "  AprU^  1S@1. 
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for  tbat  tendency  to  putrescence,  wliicli  ia  so  remarkably  manifested 
during  life  in  the  foetid  exhalation  and  in  the  peculiar  secretion  from  the 
skin,  and  whicli  ia  ahown  after  death  in  the  rapidity  i^ath  which  putre- 
faction iupen^enes.  Moreover,  towards  the  close  of  many  exhausting 
diaeaaes,  the  iktal  termination  of  which  ia  really  due  to  a  clironic  inanition, 
it  frequently  happens  that  a  *  colliquative  diarrhcca  *  cornea  on,  which 
must  be  considered  aa  a  manifestation  of  the  general  disinteg'ration  that 
is  making  progress  even  during  lite. — Now  referring  to  the  conditiona 
hereafter  to  be  eaurnorated,  as  those  which  favour  the  operation  of 
zymotic  poiaoaa  in  the  body^  it  is  obvious  that  no  state  eould  be  more 
liable  to  it  than  this ;  since  we  liave  not  merely  that  general  depreaaion 
of  the  vitid  powers,  wMch  is  a  predisposing  cause  of  ahnost  any  kind  of 
malady,  and  pre-eminently  so  of  zymotic  diseases ;  but  a  Lao  the  presence 
of  a  huge  amount  of  disintegrating  matter  in  the  blood  and  general  system, 
which  &rms  the  most  favourable  nidus  possible  for  the  reception  and 
multiplication  of  such  poiaona.  And  thus  it  liappens  that  pestilential 
diseaaea  most  certainly  follow  in  the  wake  of  a  limine,  and  carry  off  a  far 
greater  number  tlian  perish  irom  actual  starvation, 

6L  Anotlier  class  oi'  phenomena,  however,  results  from  such  a  defi- 
ciency of  aUmcutfition  as  is  not  adequate  to  produce  the  results  just  de- 
scribed ;  provided  this  deficiency  be  prolonged  for  a  considerable  length  of 
time,  and  especially  if'  it  be  conjobed  with  other  uniavoiu-able  conditions- 
Of  this,  a  remarkable  example  was  presented  at  the  Slilbauk  Penitentiary 
in  1823.  The  prisoners  confined  in  this  esfaiblishment,  who  had  pre- 
viously received  an  allowance  of  from  81  to  83  0^,  of  dry  nutriment 
daily,  had  this  allowance  suddenly  reduced  to  21  oz.,  animal  food  being 
almost  entirely  excluded  from  the  diet  scale.  They  were  at  the  same  time 
subjected  to  a  low  grade  of  temperature,  and  to  considerable  exertion ; 
and  were  confined  within  the  walls  of  a  prison  situated  in  the  midst  of  a 
marsh  which  ia  below  the  level  of  the  adjoining  river.  The  prison  liad 
been  previously  considered  healthy ;  but  in  tlie  course  of  a  few  months, 
the  h^th  of  a  large  proportion  of  the  inmates  began  to  give  way.  The 
first  iymptomfl  were  loss  of  colour,  and  diminution  of  fie^  and  strength ; 
subsequently  diarrhcsa,  dyaentery,  and  scurvy ;  and  lastly  adynamic  fever% 
or  hetidache,  verdgo,  convulaions,  maniacal  delirium,  apoplexy,  ^c  The 
amaliest  loss  of  blood  produced  syncof>e,  which  was  frequently  lata! :  and 
after  death,  ulceration  of  the  mucous  lining  of  the  alimentiiry  canal  was 
very  commonly  found.  Out  of  H60  jirifioners,  no  fewer  than  437,  or  52 
per  cent,  were  thus  affected.  The  influence  of  concurrent  conditions, 
especially  of  previous  confinement,  was  here  remarkably  ahown ;  for  those 
were  tbund  to  be  moat  liable  to  disease,  who  had  been  in  prison  the 
longest.  That  the  reduction  of  the  allowance  of  food,  however,  was  the 
main  eource  of  the  epidemic,  was  proved  by  the  two  following  facts : — 
the  prisoners  employed  in  the  kitchen,  who  had  8  oz.  of  bread  additional 
per  day^  were  not  attacked,  except  three  who  had  only  been  Hiere  a  few 
'  days :  and  after  the  epidemic  had  spread  to  a  great  extent,  it  was  found 
that  the  addition  of  8  oz.  to  the  daily  allowance  of  vegetable  food,  and 
^  oz.  to  the  animal,  greatly  facilitated  the  operation  of  the  remedies  which 
were  used  for  the  restoration  of  health,* 


*  fiei  Dr.  Uib&iD  "  On  tbe  DiMAies  in  the  KUlbttak  Feoitentiaiy/'  l@2l.    A  ^mUar 
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02.  It  is  a  curioQi  €0ect  of  insufficient  ntitriment)  tm  Bhown 
iixquiriee  of  Choeaat  (Op,  cit*),  that  it  produces  an  incajiability  of  di 
even  the  small  amount  consumed*  He  found  that  whew  turtle-do vea 
were  supplied  with  Umited  qiiantiliee  of  corn,  but  with  water  &t  discrjj 
tion,  the  wliole  amount  of  food  taken  waB  scarcely  ever  actually  digeate<H 
a  part  of  it  Iveing  rejected  by  Yonxiting^  or  pjaasing-off  by  diarrhoea^  ofl 
accumulating  iu  the  crop.  It  seems  as  if  the  vital  powers  were  not  bu^ 
cient  to  furnish  the  requisite  supply  of  gastric  fluid,  when  the  tiody  began 
to  be  enfeebled  by  insuificient  nutrition  ;  or  perhaps  we  niiglit  well  aay, 
the  jfiateriali?  of  the  gastric  fluid  ivere  wanting- — Hence  the  loathing  oi 
food,  which  is  often  manifested  by  those  wlio  have  been  subjected  to  the 
influence  of  an  ineuflicient  diet  scale  in  our  prisons  and  poor-houses,  and 
which  has  been  set  down  to  caprice  or  obstinacy,  and  punislied  accordlnglj 
may  be  actually  a  poof  of  the  deficiency  of  the  supply,  which  we  mig 
expect  to  have  been  voradoualy  devoured,  if  really  less  than  tlie  wants  ( 
the  system  require, 

63.  It  ia  extremely  important  that  the  Mediciil  Practitioner  &houl3 
be  aware,  that  many  of  the  phenomena  above  described  may  be  induced 
by  the  adoption  of  a  system  of  too-rigid  abstinence  in  the  treatment  of 
various  diseases ;  and  that  they  have  l>een  Ireijuently  confounded  with 
tlie  symptoms  of  the  malady  itself,  and  have  led  to  an  entirely  erroneous 
melliod  of  treating  it.  **  Many  c^iaesj'*  says  Dr.  Copland,*  "  have  occurred 
to  uie  in  practice,  where  the  antiphlogistic  regimen^  which  had  been  too 
rigidly  pursued,  waa  itself  the  caiiae  of  tlie  very  symptoms  which  it  waa 
employed  to  remove.  Of  these  s}'rnptoTna,  the  affection  of  the  head  and 
delirium  are  the  most  remarkable,  and  the  most  readily  mistaken  for  sM 
actual  disease  requiring  abstineuce  for  its  reTUOval," — The  exj^erience  oj 
tliose  especially,  who  are  largely  engaged  in  considting  practice,  musthaire 
tiu-nished  numerous  illustrations  of  the  above  statetnent.  Dr.  Copland 
mentions  the  ibilowing,  "  A  profesaionid  man  had  been  seized  with  fever, 
Jbr  which  a  too-rigid  abstinence  was  enforced ,  not  only  during  its  con- 
ttn nance,  but  also  during  convalescence.  Deliriiun  had  been  present  at 
tlie  height  of  the  fever,  and  reciurred  when  the  jiatient  waa  convale^ent. 
A  physician  of  eminence  in  maniacal  cases  was  called  to  him,  and  recom- 
mended that  he  should  be  removed  to  a  private  asylum.  Before  tliia  waa 
carried  into  eflect,  I  was  requested  to  see  him.  A  different  treatment 
and  regimen  J  with  a  gradual  iucrease  of  nourishment,  were  adopted ;  ai^d 
he  waa  well  in  a  few  days,  and  within  a  fortnight  returned  to  his 
fesaional  avocations.** 

04.  The  time  during  wMch  life  can  be  supported  xmder  entire  ab 
nence  from  food  or  drink,  ia  usually  stated  to  vary  from  eight  to  ten  days  ;T 
the  i^riod  may  be  greatly  prolonged,  however,  by  the  occosioiial  use  of 

ex&mptc  o(  the  cScctg  of  prolonged  mnuftieienejr  of  dicit  was  furnished  at  the  Mujboq 
Oeiattule  of  Nlmes,  fojr  h  higkly  ins tr active  a^ccount  of  yrblcb  bj  M,  Boilcsau-Castelaattj 
chief  phyaicJAii  to  the  *Muapii  Qeatr&l«,*  nee  ''Ami.  d'flygiSae  TuhV*  JaaY., 
Ui9. 

*  **  Dictioaary  (if  Practical  Medicine,"  toI  i,  p.  26. 

+  Thepe  «eem»  &d^uate  evidence,  thut  &  mate  which  mftj  be  cliAticteriaed  as  oae  of 
Sifntupef — the  Annual  functions  being  entirely  anspcad^  atid  the  organic  fnnctioas 
beiog  reduced  to  an  extremely  low  ebb, — may  be  prolonged  for  tnnny  days,  or  even 
weeks,  provided  the  temperoture  of  tbe  lx>dj  he  not  too  much  reduced,  Thitt  dmui  \  ' 
fjbcts,  hQWeVi.T,  will  be  more  appropri^itelj  Gonaidcrcd  hereafter  (ciJ^r*  XiX.). 
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water,  and  stiU  more  by  a  very  small  supply  of  food:  or,  even,  it  would 
ueem  by  a  moiat  condition  of  the  surrounding  atmosphere^  which  ohstriicla 
tlie  exhalation  of  liquid  from  the  bcnlj*  Thus  Foderi5  mentions  that  soma 
workmen  were  extricated  alive,  after  fourteen  daja^  oOD&aement  in  a  oold 
damp  vauJt,  in  wliich  they  had  been  buried  under  a  ruin*  Dr.  Sloan  has 
given  an  account*  of  the  case  of  a  healthy  man  s&t.  S6,  who  was  found 
iive  after  having  been  shut-up  in  a  coal-mine  for  twenty-three  daya, 
during  the  first  ten  of  which  he  was  able  to  procure  and  swallow  a  amaU 
quantity  of  foul  water ;  he  was  in  a  state  of  e.^treme  exhaustion,  and  died 
three  days  after  wards^  notwithstanding  the  attempts  made  to  recover  him^ 
— It  would  aeem  as  if  certain  conditions  of  the  Nervous  system,  especially 
those  attended  with  peculiar  emotioimi  excitement,  are  ^vourable  to  the 
prolongation  of  life  under  such  circumstances.  Thus,  in  a  case  recortled 
by  Dr.  Willan,  of  a  yoimg  gentleman  who  starred  himself  under  tlie  influ- 
ence of  a  religious  delusion,  lite  w^as  prolonged  for  sixty  days  ;  during  the 
whole  of  which  time,  notliiiig  else  was  taken  tlaan  a  little  orange-juice. 
In  a  somewhat  similar  caae  which  occurred  under  the  Author  s  Dotice,  in 
the  person  of  a  young  French  ladj,  more  than  fifteen  days  elapsed  between 
the  time  that  sha  ceased  to  eat  regidarly,  and  the  time  of  her  being  com- 
pelled to  receive  nourishment ;  during  this  period  she  took  a  good  deal  of 
CExerciae^  and  her  strength  seemed  to  suffer  but  little,  although  she  swal- 
lowed wild  food  only  once,  and  then  in  Biuail  quantity.  Again,  in  certain 
Bfcatea  of  the  system  oommonly  known  as  '  hysterical,*  there  is  frequently 
a  rery  remarkable  disposition  for  abstinence,  and  power  of  sustaining  it* 
It  may  be  well  to  remark  that,  mider  such  circmuatances,  the  continual 
persuasions  of  anxious  friends  are  very  injurious  to  the  patient;  whose 
return  to  her  usual  state  will  probably  take  place  the  earlier,  Uie  more 
completely  she  is  left  to  herself. 

3.  M0vanent3  of  the  Alimentary  CanaL 

65.  The  motions  by  which  Food  is  conveyed  to  the  Mouth  and  intro- 
duced into  its  cavity,  constituting  the  acts  of  PrcMnshu  and  ImfeBiioUi 
are  ordinarily  considered  to  be  voluntartf^  at  least  in  the  adult ;  and  it  is 
indubituble  that  the  Will  has  entire  control  over  them*  Nevertheless, 
they  belong  to  tlie  class  of  *  secondarily  automatic  *  movements ;  and  hke 
those  of  locomotion,  may  bo  kept-up  when  the  will  is  in  abeyance,  by  the 
suggesting  and  guiding  influence  of  sensations,  thus  being  perlbrmed  under 
the  same  essential  conditions  as  the  purely  *-  consensuar  or  *sensori-motor' 
actions.!  ^^^  necessity  of  *  guiding  sensations  *  for  their  performance  is 
tnade  evident  by  one  of  Sir  C.  Belfs  experiments,  the  wrong  interpreta- 
tion of  whose  results  originally  led  him  to  an  erroneous  view  of  the  fimc- 
tions  of  the  Fifth  pair  of  nervea.  He  tbimd  tliat  an  Am,  in  which  the 
Infra^orbital  branch  of  tliis  nerve  IukI  been  divided^  made  no  attempt  to 
pick-up  ojits  with  its  lip,  altiiough  the  animal  saw  them,  ben^4own  its 

*  "Medical  Qaaette,"  vd.  3ivii.  p.  3S9. 

t  Thifli,  the  A^uthfir  thinks,  witl  t«  ooDformable  to  tb«  experieiioe  of  moat  of  his 
roaJeia  \  who  Will  find,  if  th^y  ino^ljie  their  own  coDfidoii&oeBa,  that  thejcoatinitetoc&t 
vhil@  their  whole  altentwti  b  given  to  aome  £ib»tr»ct  iraio  of  tho oght,  or  to  aiima  ex- 
t«mal  objeet.  Bat  »  retniLrkahle  cue  will  be  cited  bttre&fter  (chap.  xiOi  wMcb  fullj 
oonfinas  the  Tiev  here  adranc^d  *  tho  morementa,  not  inet^j  of  the  YtpA  und  jawB,  but 
those  bj  whicb  food  woB  cc'QTeyed  to  the  raomth,  h^tinfi^  been  carried -on  aiitQmeUicQU^^ 
when  uncc  (ao  to  fl}ieak)  the  spntig  was  touched  by  which  they  were  set  in  action. 
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head  with  the  obvioua  purpose  of  ingesting  them,  and  brought  its  lip  inti 
absolute  contact  with  them ;  lience  he  conchided  that  the  power  of  itiotim 
waa  destroyed  in  the  hp,  when  it  was  in  reahty  only  the  ffutdirig  sefi30, 
tioii  that  was  deficient^  the  motor  power  being  Bupplied  by  the  Facifl 
nerve  or  Portio  dura. 

66,  The  food  thus  introduced  into  the  mouth,  ia  subjected  (unless  it 
be  akeady  in  a  state  which  needs  no  further  reduction)  to  the  process  ol 
Mastication.     This  is  evidently  an  operation  of  great  importancej  in  pr»| 
jjaring  the  substances  to  be  afterwards  ojrjerated-on,  for  the  action  of  tbeif 
solvent;  and  it  exactly  ocrtresponds  with   tlie  trituration  to  which  the 
Chemist  would  submit  any  solid  matter,  tliat  he  might  present  it  i&  the 
most  advantageous  form  to  a  digestive  menstruum.     The  complete  dis' 
t^ration  of  the  alimentary  matter  is,  therefore,  of  great  consequeno 
and^  if  imperfectly  eflected,  the  subsequent  processes  are  liable  to  de 
ment.     Such  deraTigeraent  we  continually  meet  with;  for  there  is  no 
perhaps,  a  more  frequent  source  of  Dyspepsia  than  imperfect  mastication, 
whether  resulting  from   the   haste  with  which  food   is   swallowed,  qm 
ironi  the  ivant  of  the  instruments  proper  for  the  reducing  operatioli 
The  mechanical  difiintegnition  of  the  food  is  manifestly  aided  by  Insall' 
vation ;  but  tlie  admixture  of  Saliva  also  exerts,  aa  we  shall  hereafter 
see,  a  very  marked  inlliience  on  the  chemical   composition   of  certain 
of  its  constituents,- — Tlie  movements  of  Mastication,  still  more  than  those 
already  adverted- to,  altliough  under  the  complete  control  of  the  Will^  and 
originally  dependent  upon  it  for  tlieir  excitation,  come  at  last  to  be  of  so 
habitual  a  character,  that  they  continue  when  tJie  direct  influence  of  the 
will  is  withdrawn,  the   influence  of  the  guiding  *  sensation,'  howeveri 
being  essential  to  their  peribrmance.    Eveij  one  is  conscioits  that  the  act 
of  mastication  may  be  performed  as  well,  when  the  mind  is  attentively 
dwelling  on  some  other  object,  as  when  directed  to  if ;  but,  in  the  former 
case,  we  are  rather  apt  to  go  on  chewing  and  rechewing  what  is  already 
fit  to  be  swallowed,  simply  because  the  wilt  does  not  exert  itself  to  check 
the  action,    and  to  carry  tlie  tbod  backwards  within  the  reach  of  the 
muscles  of  deglutition.     This  conveyance  of  food  backwards  to  the  ikuces 
is  a  distinctly  voluntary  act ;  and  it  is  necessary  that  it  should  be  guided 
by  the  sensation^  which  there  results  from  the  contact  it  induces.     K  the 
mirface  of  the  pharynx  were  as  destitute  of  sensation,  as  is  the  lower  part 
of  the  ccsophagnSj  we  should  not  know  when  we  liad  done  what  was 
necessary  to  excite  its  muscles  to  operation. — The  muscles  concerned  in 
the  Mastication  of  food  are  nearly  all  supplied  by  the  third  branch  of  the 
Fifth  pair,  a  large  proportion  of  which  is  well  kno^vn  to  have  a  motor 
character.     Many  of  these  muscles,  especially  those  of  the  cheeks,  are 
also  supplied  by  the  Facial  nerve ;  and  yet,  if  the  former  be  paralyzed, 
the  latter   cannot   stimulate   tbera   to   the  neccflsary  combined  actions. 
Hence  we  see  that  the  movements  are  of  an  associated  character,  their 
due  performance  being  dependent  on  the  part  of  the  nervous  centres, 
firom  which  the  motor  influence  originates.     If  the  Fifth  pnir,  on  the 
other  hand,  he  imisjured,  whilst  the  Portio  Dura  is  paralysed,  the  move- 
ments of  Mastication  are  performed  without  difficulty  ;  whilst  those  con- 
nected in  any  way  with  the  RcapirJ-tory  fimction,  or  with  Expression,  are 
paralyzed.     If,  again,  the  sensory  portion  of  tJie  Fifth  pair  be 
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tJie  act  of  Masticatioii  is  very  imperfectly  performed,  even  tliough  the 
motor  power  be  not  in  the  leaat  impaired;  for  the  muscles  cannot  be 
made  to  perform  the  requisite  associated  movementa  without  tlie  guidance 
of  sensations ;  so  that  the  morsel  lodges  between  the  teeth  and  the  cheek, 
or  beneath  the  tongue,  and  can  wil^  difficulty  be  kept  in  the  appropriate 
position. 

67,  When  the  reduction  of  the  food  in  the  mouth  haa  been  snfEciently 
accomplished,  it  is  carried  into  iJxe  Phart^nx^  and  ia  thence  propelled  down 
the  <E30ph!i^ia  ioto  the  atoraach,  by  a  set  of  associated  movements,  which 
taken  together,  constitufe  the  act  of  Beglutitioii.  These  movementa  were 
first  described  'm  detsdl  by  Magendic;  but  his  account  require  some 
modification,  through  the  more  recent  observations  of  Dzon&f*  Budge,f 
Bidder,}  Czemxak,  and  Schtih.§  The  first  stage  in  the  process  is  the 
carrying  back  of  the  food  until  it  has  passed  the  anterior  palatine  arch  ; 
this  is  effected  by  tlie  contraction  of  the  mylohyoid,  |j  the  longitudinal 
and  transverse  muscles  of  the  tongue,  which  together  render  the  tongue 
shorter  and  thicker,  pressing  it  against  the  roof  of  the  mouthy  whilst  the 
styloglossi  draw  it  somewhat  backward :  these  movements  are  purely 
voluntary*  The  second  act  now  commences,  during  which  the  entrance 
of  food  into  the  nasal  cavities  and  trachea  is  most  jealously  guarded 
against,  by  certsiin  rellex  actions  which  have  only  been  clearly  recognise<l 
since  the  introduction  of  the  laryngoscope  hj  Czerniak,  During  this  act 
the  tongue  is  carried  still  &nher  backwards^  the  larynx  rises,  so  as  to  be 
covered  by  the  epiglottis,  which  is  at  the  same  time  somewhat  depressed, 
and  placed  horizontally,  so  that  its  upper  border  touches  the  posterior 
wall  of  the  pharynx.  The  cushion  at  the  base  of  the  epiglottis  becomes 
applied  to  the  arytenoid  cartilagea,  and  the  vocal  oordfl,  both  tme  and 
&lfle,  are  closely  approximated ;  a  triple  protection  against  the  entrance 
of  the  footl  into  the  trachea  being  thus  afforded.  CoincidentJy  with  these 
movements,  the  lower  bonier  of  the  vdum  palati  becomes  applied  to  the 
walls  of  the  pliarynx,  and  the  muscles  of  the  posterior  palatine  arch  con- 
tract in  such  a  manner,  as  to  cause  the  sides  of  the  arch  to  approach  each 
other  like  a  pair  of  curtains,  so  that  the  passage  from  the  fiiuces  into  the 
fjosterior  nares  is  nearly  closed  by  them  \  and  to  the  cleft  between  the 
approximated  aides,  the  uvula  is  applietl  like  a  valve.  A  sort  of  inclined 
plane,  directed  obliquely  doivn wards  and  backwards,  is  th^ia  formed ;  and 
the  morsel  slides  along  it  into  the  phaiynx,  which  is  bronght-np  to  re- 
ceive it.  Though  some  of  these  acts  may  be  performed  voluntarily,  the 
combination  of  the  whole  is  automatiG.f  The  third  stage  of  the  pro^^ess, 
the  propulsion  of  the  food  down  the  oesophagus,  then  commences.  This 
IB  accomplished,  in  the  upper  part,  by  means  of  the  constrictors  of  the 

•  See  Prof,  Mailer's  **  Element  of  Phjmologj"  (tmnslated  bj  Pr,  BdyK  p.  501- 

t  ''Fhya,*'  I860,  p.  157.  t  **  Neae  Bt»bftdit«iigen/*  Dgrpat,  1S38. 

§  "an  tbe  L<M7iigo«?ope,"  Guutatt,  1S58. 

II  Toortaal,  "  Netie  Untenmchtiiigeii,'*  L«ip*  1846, 

iri  The  obeerrations  of  Scbub  (CjuiflUitt^  1858)  npon  the  nu»Tgtn«9Qtit  at  the  soflpaUte 
dun  tig  degluiitioa  seem  to  jjhow  Ihftb  this  put  is  nmewb&t  more  active  durtug  the 
second  stage  than  it  waa  deacribod  to  bs  hj  DiOEidt  He  haid  aa  opportunity  of  ot^nr- 
in^  them  in  a  wotnai],  the  l«ft  aid©  of  vbaee  face  had  beea  remo?ed  hj  an  openitba. 
When  Ibe  piitientdranki  the  soft  palate  raised  itself  abuve  the  homontal  Hne^  a*  soon  aa 
the  glass  wm  approximated  to  her  tips.     It  remamed  in  tbii  posltien  whilst  the  fluid 
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pharynx ;  and  in  the  lower,  by  the  nuiflcular  eoat  of  tba  cESopl 
itself.  When  the  morsels  a^e  small,  and  are  mixed  with  much  fluid, 
undulating  movements  from -above-downwards  succeed  each  odier  v 
rapidly,  aa  may  he  well  observed  in  Horses  whilst  drinking; 
ijiorselay  however,  are  frequently  some  time  in  making"  tlieir  way  do' 
Elach  portion  of  food  and  drink  ib  included  in  the  contractile  walls,  whi( 
are  cloaely  applied  to  it  during  the  whole  of  its  transit.  The  gijrglid 
Bound,  which  is  observed  when  drink  is  poured  down  tho  throat  of  a  pej 
eon  in  articuto  mortis j  la  due  to  the  want  of  this  contraction.  The  who 
of  tJie  third  stage  is  completely  involuntary. — At  the  point  where  tl 
(esophagus  enters  the  stomachy  the  *  cardiac  orifice '  of  the  latter,  there  i 
a  sort  of  sphincter^  wliich  its  ttsually  closed,  but  wliich  opens  when  stiA 
cient  pressure  ia  made  ou  it  by  accumulated  food,  closing  again,  win 
this  has  passed,  so  as  to  retain  it  in  the  stomach, 

68,  The  purely  autmnatic  nature  of  the  act  of  Deglutition  is  shown  1 
the  feet,  that  no  attempt  on  our  part  ^vill  Bucc^d  in  perfonning  i 
really  vQluntarilf/.  In  order  to  excite  it*  we  must  apply  some  stiniidu 
to  the  iauces.  A  very  small  particle  of  solid  matter,  or  a  littJe  flui< 
(saliva,  for  instance),  or  the  contact  of  the  back  of  the  tongue  itaeli^  wij 
be  suliicient ;  but  without  either  of  these,  we  cannot  swaflotp  at  wilL  N1 
can  we  restrain  the  tendency,  when  it  is  thus  excited  by  a  stimulus 
every  one  know  a  how  irresistible  it  ift,  when  the  fauces  are  touched  in  an^ 
unusual  manner ;  and  it  is  equally  beyfind  tlie  direct  control  of  the  will 
in  the  ordinary  process  of  eating,- — voluntary  as  we  commonly  regan 
this.  Moreover^  this  action  is  performed,  like  that  of  respiration,  whei 
the  power  of  the  will  is  suspended,  as  in  proloiind  sleep,  or  in  apoplexy 
alfectmg  only  the  brain ;  and  it  does  not  seem  to  be  at  all  afTccted  bj 
the  entire  removal  of  the  brrtin,  in  an  animal  that  can  sustain  the  shoe] 
of  the  operation  ;  being  readily  excitable,  on  stimulating  the  fauces,  M 
long  as  the  nervous  structure  retains  its  functions.  This  has  been  expe 
rimentaUy  proved  by  Dr,  M.  Hal! ;  and  it  harmonisscs  with  the  natura 
experiment  sometimes  brought  under  our  notice  in  the  case  of  an  ansa 
cephalous  infant,  in  which  the  power  of  swallowing  seems  as  vigorous  fl 
in  the  peri'ect  one.  But,  if  the  *  nervous  circle '  be  destroyed,  either  dJ 
division  of  the  trunks,  or  by  injury  of  any  kind  to  the  portion  of  thi 
nervous  centres  connected  with  them,  the  action  can  no  longer  be  per 
formed  ;  and  thus  we  see  that,  when  the  effects  of  ajtoplexy  are  eictendini 
themselves  firom  the  brain  to  the  spinal  cord,  whilst  tho  respiration  be 
corner  stertorous,  the  power  of  Deglutition  is  lost,  and  then  respiratioi 
also  speedily  ceaRcs.  J 

69.  Our  knowledge  of  the  nerves  specially  concerned  in  this  action,  ■ 
principally  due  to  Uie  very  careful  and  well-coiiducted  experiments  o 
Dr.  J.  Reid.*  From  a  careful  examination  of  the  actions  of  deglutition,  am 
0^'  the  influence  of  various  nenr^  upon  them,  Dr.  Heid  drew  &e  following 

v»  being  suck  Hi  Id  ;  but  M  eoon  r4  bwiU  lowing  c^omiaaiiced  it  very  eDdclenly  deeoeoded 
iii  as  to  press  tbe  Sold  into  tb4}  o?taopbtibi!U&.  It  tbea  s^gain  elevjited  itself  vltb  «Tef 
grvnter  ttiniuoa,  aad  again  descended,  la  swallowiiig  flulid  food  tbe  aame  auddea  »acenl 
•od  deoceat  of  tht  Velnni  tipon  the  de^IutitiQO  pf  each  monucl  wji^i  observable, 

*  ''  E<1inb.  Med.  and  Surg.  Joum,/^  vol.  xlix. ;  aad  **  Pbjdologii^,  AaAtomiQal^  &»£ 
P&ihologLcal  Eeaeart;heft^*^aAf.  iv. 
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concliiaions : — The  excitor  impresSionM  are  conveyed  to  the  Medulla  Ob- 
longata chiefly  tlir^ugh  the  GiossO'pharyngeal,  but  alao  along  the  hranche-S 
of  the  Fifth  pair  distributed  upon  the  faucea,  and  probably  along  the 
superior  laryngeal  branches  of  the  Pneumogaatric  distributed  upon  the 
pharynx.  The  motor  tnjluenct  passes  chiefly  along  the  pharyngeal  branches 
of  the  PueumogaBtricT  which  are  probably  originally  derived  from  the 
Spinal  Acccasory ;  along  the  branches  of  the  Hypoglossal,  distributed  to  the 
muscles  of  the  tongue,  arid  to  the  Btemo-hyoidj  HteTOO-thyTOid^  and  thyro- 
hyoid muscles;  along  tlie  motor  filaments  of  the  Reciu-rent  laryngea!s; 
along  some  of  the  branches  of  the  Fitlh,  Hupjilying  the  elevator  niuaclea 
of  the  lower  jaw ;  along  the  branches  of  the  Facial,  ramifying  upon  the 
digastric  and  stylo-hyoid  muscles  and  upon  tlioae  of  the  lower  jjart  of 
the  face ;  and  probalily  along  some  of  the  branches  of  the  Cervical  plexus, 
which  unite  tliemselves  to  the  descendens  noni.  It  was  further  observed 
by  Dr.  Keid^  that  the  stylo-pharyngeus  muscle  is  usually  thrown  into 
contraction,  when  tlie  roots  of  the  Glosso-pharyngeai  nerve  are  irritated ; 
and  as  this  haa  been  alio  noticed  by  Mayo^  Volkinanu,  and  othera,  we 
are  probably  to  consider  the  Glosso-phaiyngeal  as  a  motor  nerve,  in  so 
fiir  as  that  miiscle  is  concerned** 

70.  Wlmn  the  tbod  has  l>een  propelled  downwards  by  tlie  Pharyng^ 
muscles,  ao  far  as  their  action  extends,  its  further  jirogreaa  through  the 
(Bmphagus  m  cfiected  by  a  kind  of  peristaltic  contraction  of  the  muecniar 
coat  of  the  tube  itself.  This  movement  is  not,  however,  due  onttf  to  the 
dirtet  stirnidus  of  the  muscular  fibre  by  the  pressure  of  the  food,  as  it  seems 
t*>  be  in  the  lower  part  of  the  alimentary  canal ;  for  Dr.  J.  Reid  has  fbtmd, 
by  repeated  experiment,  that  the  continuity  of  the  a?sophageal  branches 
of  the  Pneumogastric  widi  the  Medidb  Oblongata  is  nec^essary  for  the 
rapid  propulsion  of  the  food ;  ao  that  it  can  scarcely  He  donbteil,  that  an 
impression  made  upon  the  mucous  surface  of  the  ojsophagus,  conveyed  by 
the  afferent  fibrca  of  these  nerves  to  tlieir  gangUonic  centre,  and  reflected 
downwards  along  Uie  motor  fibres,  is  the  real  cause  of  the  muscular 
contraction.  If  the  Pneumogastric  be  divided  in  the  rabbit,  on  each  aide, 
above  the  cesophageal  plexus,  but  below  the  pharyngeid  bnmches,  and  the 
animal  be  then  fed,  it  is  found  tliat  the  food  is  delayed  in  the  ceaophagus, 
from  spasuiodic  contraction  of  the  cardiac  sphincter,  which  becomes 
greatly  distended.  Further,  if  the  lower  esctremity  of  the  Pneiunc^gastric 
\m  irritated,  distinct  contractioos  are  seen  in  the  oBsophagefd  tu^>e,  pro- 
ceeding from  above  downwards,  and  extending  over  the  cardiac  extremity 
of  the  stomach.^ We  laave  here,  then,  a  distinct  case  of  reflex  action^ 
withmit  stmation^  occurring  as  one  of  the  regular  aasociattd  frmvemenis  in 
tlie  natimil  C4>ndition  of  the  animiij  body ;  and  it  is  very  intercstiug  to 
find  this  tbllowing  upon  a  reftex  action  with  sensation  (that  of  the 
pharynx),  and  preceding  a  movement  which  is  but  slightly  connected  with 
the  Spinal  Cord  (tha^  of  the  lower  part  of  the  alimentary  canal).  The 
use  of  sensation  in  the  former  case  has  been  already  ehown.  The 
miMCular  fibres  of  the  (Est>phagtis  are  itiso  excitable,  though  usually  in  a 
less  degree,  by  fiirer.t  stimulation ;  for  it  appears  that,  in  some  animals 

•  Op.  mt,  pp.  25S-260.— It  Bceuis  not  imprctbable  that  th«  itbcrep^nt  results  ob- 
tiliied  bf  diffprent  exp^rimeiiterv  oa  tbiA  poial^  nra  putlj  to  be  eiLp lamed  bj  di^ereseeA 
m  the  disttibntfon  of  the  aerret  in  the  vev«tal  wpmi»  «l  »ttima]A  openited-oa. 
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(the  Dog,  for  example),  section  of  the  pneimiogastrlc  does  not  prodtiei 
that  check  to  the  propidsion  of  the  food,  whicli  it  occiisiona  in  the  Rabbit  j 
and  even  m  the  Rabbit,  as  Dr*  M*  Hall  has  remarked,*  the  simple  con* 
traetility  of  the  muscular  iihre  occaaioua  a  distinct  peristaltic  movem© 
along  the  tube,  after  its  nerves  have  been  divided ;  causing  it  to  diecho 
its  contents  when  cut  across.  Such  a  movement,  indeed,  seems  to 
place  in  something  of  a  rhythmieal  manner  (that  is,  at  short  and  tolerah 
reguiar  !ntervals|)  whilst  a  meal  ie  being  swallowed;  but  tis  tlie  ston 
becomes  foil,  the  intervalH  are  longer,  and  the  wave- like  oontractiona  le 
freqiieiiL  The  reopcaiing  of  the  cardiac  orifice,  on  pressure  ixom  itttm 
(wluch  is  usually  resisted  by  the  sphincter,  as  in  the  acts  of  defecation,  ] 
ttirition,  &c,),  is  one  of  the  first  of  that  series  of  reversed  actions  which  con- 
stitutes the  act  of  Vrntnting ;  and  this  is  accompianied  by  a  reversed 
peristaltic  action  of  the  ccsophagiis.  Tlie  indeijendence  of  diese  actions,  on* 
of  another,  and  their  relation  to  a  common  cause,  is  remarkably  shown  bj 
the  &ct,  that  when  vomiting  takes  place  as  a  consequence  of  the  injection 
of  tartar-eiaetic  into  the  veins,  the  reversed  peristaltic  action  of  th€ 
CEfiophagns  is  performed  even  after  its  separation  from  the  stomach*  ■ 
71.  The  food,  which,  thus  propelled  along  the  CESophagus,  enters  tV 
StoJ7ia€h  through  its  cardiac  orifice  in  successive  waves,  is  immediate 
Bubjected  to  a  peculiar  peristaltic  movement^  which  has  for  its  object  w 
produce  the  thorough  ixjtermixture  of  the  gastric  fluid  with  the  nlimentaTy 
tDaafli  and  to  separate  tbe  portion  which  has  been  sufficiently  reduced, 
^lom  the  remainder*  The  fitscicnli  composing  tlie  rauBcular  wall  of  the 
Human  stomach,  are  bo  disposed  as  to  lessen  its  diameter  in  every  direc^ 
tion ;  and  whilst  the  cavity  ia  empty,  they  are  unifonnly  contracted,  so  as 
to  reduce  the  orgim  to  its  smallest  dimensions.  When  food  is  introduced, 
the  contraction  of  the  parietes  as  a  whole  still  continues,  to  such  a  degree  as 
to  make  them  closely  apply  themselves  to  its  surface  ;  but  the  contraction 
of  the  individual  iasciculi  aJtematee  with  relajcation,  in  such  a  manner  as 
to  induce  a  great  variety  of  motions  in  this  oigan,  sometimes  transversely, 
and  at  other  times  longitudlnaDy.  "  These  motions,"  remarks  Dr.  Beau« 
mont,  who  has  enjoyed  a  pecidiar  opportunity  of  observing  them,f  "  not 
onJy  produce  a  constant  disturbance  or  churmng  of  tlie  contents  of  the 
stomach,  but  tlicy  compel  them  at  the  same  time  to  revolve  about  tha 
interior  fi*om  point  to  point,  and  fi*ora  one  extremity  to  the  other/^  In 
addition  to  these  movements,  there  is  a  constant  agitation  of  the  stomach, 
produced  by  the  respiratory  muscles.  The  natiwe  of  these,  and  indeed 
of  all  peristaltic  movements,  has  been  stated  by  Dr.  Brinton  J  to  resemble 
very  closely  those  produced  by  tlie  descent  of  a  perforated  piston  in  a 
closed  tube  containing  fluid,  for  here  there  would  be  fieri pheral  currents 
passing  in  the  same  direction  as  the  piston^  and  a  central  current 
flowing  in  tlie  opposite  direction,  tlirough  tlie  perforation  in  the  piston* 
The  direction  which  the  particles  of  food  take,  as  described  by  Dr.  Beau- 
mont, corresponds  veiy  fairly  with  this  view.     H^  says :— '*  The  bolus  as, 


*  "  Third  Memoir  on  tte  Kerrous  Sjsfcem,''  §  201.  ■ 

f  Bw  the  **  CaBc  of  Aleiis  St»  Martin »  with  Observjutioaa  wid  ExperLmenta  hy  Dr. 
BeftUDJOUt/*  republished  in  this  couotry  b]r  Dr.  Andrew  Combe.— Thin  patient  had 
lu^  tsitilons  orlict  in  his  Btomacb^  remaining  alter  a  wound  which  bod  laid-open  1 
CftTity  ;  but  bin  general  health  had  been  completely  restored* 
t  "Ojoiop.  Anii.  and  Pb^H.,''  vol  t.  pp.  313  and  315. 
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it  enters  the  cardia,  turns  to  the  left,  passes  tlie  aperture,  descends  into 
the  splenic  extremity,  and  follows  the  great  curvature  towards  the  pj^loric 
end.  It  then  returns,  in  the  course  of  the  smaller  ciirvHtiire  (or  as  Dr, 
Brinton  supposes,  through  the  axis  of  the  stomach),  and  makes  its  appear- 
ance again  at  the  aperture  in  its  descent  into  the  great  curvature,  to  per- 
form similar  revolutions.  These  revolution  a  are  completed  in  irom  oue 
to  three  minutes.  They  are  probably  induced,  in  a  great  ineairurD,  by 
the  circular  or  transverae  muficlea  of  the  stouiach.  They  are  slower  at 
first,  than  afler  chymification  has  considerably  advanced;"  at  which  time 
also  there  l&  an  increased  impulse  towards  the  pylorus.  It  is  probable 
that,  from  the  very  commencement  of  chymification,  imtil  tJie  organ  be- 
comes empty,  portions  of  chyme  are  continually  passing  into  the  duode- 
num ;  lor  the  bulk  of  the  alimentaiy  mass  progressively  diminishes,  and 
tiii«  ihe  naore  rapidly  as  the  process  is  nearer  its  completion*  The  ac- 
celerated expidsion  appears  to  be  effected  by  a  peculiar  action  of  the 
tninsverae  muscles ;  and  especially  of  that  portion  of  them,  which  aurrounds 
the  stomach  at  about  four  inches  from  its  pyloric  extremity.  This  Imnd 
is  so  forcibly  contracted  in  tJie  latter  part  of  the  digestive  process,  that  it 
almost  sepinites  the  two  portions  of  the  stomach  into  a  sort  of  hour-glasa 
ibrm;  and  Dr,  Beaiunont  states  that,  when  he  attempted  to  introduce  a  long 
thermometer-tube  into  the  pyloric  portion  of  the  stomach,  the  bulb  waa 
at  first  gently  reaiated,  then  allowed  to  pass,  and  then  grasped  by  the 
muscular  parietes  beyond,  so  as  to  be  drawu-in :  whence  it  appears  tliat 
the  contraction  has  for  its  object,  to  resist  the  paaaage  of  soUd  bodies  into 
the  pyloric  extremity  of  the  stomach,  at  this  stage  of  digestion,  whilst  the 
matter  which  has  been  reduced  to  the  fluid  form  is  pumped-away  (as  it 
were)  by  the  action  of  that  portion  of  the  viscus.  These  peculiar  motions 
continue,  luitrl  the  stomach  is  perfectly  empty,  and  not  a  particle  of  food 
or  of  chyme  remains ;  and  when  they  are  nearly  brought  to  a  close,  the 
contraction  of  the  pyloric  orifice  ako  gives-way,  to  an  extent  sufficient  to 
allow  not  oidy  the  undigested  residue  of  the  food,  but  also  large  solid 
bodies  that  may  ha%^a  been  swallowed  (such  as  coins  and  the  like),  to  pass 
into  the  intestinal  canaL 

72.  With  regard  to  the  degree  in  which  these  movementa  of  the 
Strjmach,  whose  share  in  the  Digestive  operation  is  bo  important,  are  de- 
pendent upon  the  Spinal  cord,  and  are  consequently  of  a  '  reflex'  nature^ 
it  is  difficult  to  speak  widi  certaintj^  owing  to  the  contradictory  resulta 
obtained  by  different  experimentera*  These  contradictiona,  however,  seem 
partly  due  to  a  diversity  in  the  nature  of  the  aniuials  experimented-on, 
and  partly  to  a  difference  in  the  stage  of  the  digestive  process  at  which 
thd  observations  were  made.  It  seems  to  be  well  established  by  the 
reeearches  of  Reid,  Valentin,  and  others,*  that  distinct  movements  may 
be  excited  in  the  stomach  of  the  Eabbit,  if  distended  with  food,  by  irritat- 
ing the  Pneumogaatric  soon  after  the  death  of  the  animal ;  thejie  move- 
ments appear  to  commence  from  the  cardiaG  oriflce:,  and  then  to  spread 

*  Sea  Dr,  Rtld's  "PhystologTcalt  A  nfttomical,  and  Patbol<5gical  Beaarehee,"  dwip.  t*  ; 
TaJentiHj  ^'Be  Functiooi bus  Nervomm  Cere btalinni,'*  IlC.,  ctap.  xL  ;  ftLsoLoDg^i,  '*Aiuit, 
«t  Phjiiol.  do  Sjitlme  Nerreui,"  t^»m,  i.  p.  323  ;  and  "  Pbyaiotogie,'*  vol  i.  p-  2S4» 
1861  I  aad  Biachoff  in  **  MuUer'f  ArchiV  1843.  Pinctui,  '*Kxp,  de  li  Nerrr  Yagi/* 
Wraiitkw,  1856  ;  Hartung,  "  Ueberaie  Nerri  Vug^**  KHmim,  1658 ;  Schiff;  "PhjMO* 
iDgie/'  1859,  p.  420  ;  Bernani,  "  Med»  Times  and  Qm./*  1860,  ToL  ii.p,  1 ;  fiaTitscb, 
*'MaUer'ftArcliiri"18ei,  p.  779. 
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themselves  in  a  s*jrt  of  peristaJtic  manner  along  the  walb  of  tlie  etomach 
hut  no  such  movements  can  be  excited  if  the  utomat^h  be  empty*     Whe 
the  PnenmognBtrica  are  divided  in  the   neck,  the  cardiac  orifice  of  th 
stomach  becomes  Bpaaniodic^lly  contracted* — a  condition  which,  after  iastin 
for  about  tf  drty-aix  hourB,  generally  paaaes  off.    If  preTiously  to  that  perio 
the  animal  be  aUowed  to  eat,  the  food  accumidates  in  the  lower  port  i 
the  (f^ihagits,  and  death  results  from  BUjSbcation.    The  contraction  of  ti 
cardiac  sphincter appearSi  therefore,  to  be  governed  by  other  nerves  than  t 
Pncuniogaatric,  and  in  idl  probability  the   8ymfiathetic  determines 
cloflure ;  but  there  ia  abund^mt  evidence  to  ahow  that  the  peristaltic  moi 
ments  of  the  stomach  are  chieJly  governed  by  the  PnenmogastTica,  and 
materially  impaired  when  these  are  divided.   Yet  after  their  section  if  si 
portions  of  food  be  introduced  into  the  stomach,  these  can  still  be  ps 
pelled  downwards,   eitlier  as  Ludwigf  and  Scliiff|  supj>ose,    from  tl 
refiex  action  of  the  giinglia  of  the  Sympathetic,  or  from  the  contractio| 
of  the  muscular  fibres  produced  by  direct  irritation.     The  moderate  excii 
ment  of  pleasurable  emotiona  is  iavourahle  to  the  operation  of  digestif 
not  only  by  giving  lirraiieQa  and  regularity  to  the  action  of  the  heart, 
thence  promoting  the  circnlation  of  the  blood  and  the  increase  of 
gastric  secretion  \  but  also  in  all  probabihty  by  imiiarting  firmness  4 
r^^hmty  to  the  muacular  contractions  of  the  stomach.  '* 

73.  Much  dJscnBsion  haa  taken  place  upon  the  question,  how  far  CQ 
traction  of  the  parietea  of  the  Stomach  itself  actavely  participates  in  i 
operation  of  Vomiting ;  and  many  experiments  have  been  made  to  detl 
mine  tJie  facts  of  die  ease.  Some,  like  Magendie,  have  gone  so  far  as 
affirm  that  the  stomach  is  entirely  passive ;  gromiding  this  inference  up 
the  fact  experimentally  ascertained,  that  when  the  stomach  was  removi 
and  a  bladder  was  anbatituted  for  it,  this  was  emptied  of  ite  contents  ' 
the  compression  of  the  parietes  of  the  abdomen,  when  tartar-emetic  'm 
injected  into  the  veins.  But  tliis  fact  by  no  means  disproves  the  acli 
co-operation  of  the  stomach  ;  and  judging  from  the  analogy  of  the  uter^ 
bladder,  and  rectmn, — whose  muscular  walla  are  aU  actively  concerned 
the  expulsion  of  their  contents,  though  that  expidsion  is  in  greiit  part  j 
to  the  contraction  of  the  abdominal  muscles, — we  should  be  led  to^cono 
with  the  common  opinion,  of  which  omr  own  sensations  during  the  I 
woidd  indicate  tJie  correctness.  And  this  opinion  has  been  confirmed  ' 
observation  of  a  case,5  in  which,  the  abdominal  parietes  having  been  ao 
dentally  laid-open  in  the  himian  subject^  and  the  stomach  having  whoi 
protruded  itself,  it  was  seen  to  contract  itself  repeatedly  and  forclfe 
during  the  space  of  half  an  ho  lit,  until  by  its  own  efforte  it  had  expel 
aU  its  contents  except  gases.  ]|  Contraction  of  the  Pylorus,  which,  acooi 
ing  to  Budgc,ir  takes  place  with  great  energy,  and  (as  ^ready  mentionti 
relaxation  of  the  cardiac  sphincter,  are  essential  to  the  act  of  voniitii^ 

*  Btrtiitrd,  **  Mwl,  Timca  ruid  Gax.,"  1860,  vol.  Si,  p.  1. 

+  **Phjaiologie,*'  p.  014.  %  *'  Untersucliungen  %vx  Natarlehre,"  viii,  p,  SI 

I  Lepii>e»  in  '*  Bullet,  de  FAead,  Eoy.  d^  Mtdecine,'*  1S44. 

II  Br.  Briui^n  tbbka  it  Improbable  that  ontipcri^italiic  moreineais  ever  oog 
«i]0h  &n  effect  &a  Tomiting'  belo,^  aJwajs  prmluced  by  0.0  tictire  penstaliuja  oectikBioniiig 
energetic  nxial  reeameut  «tr«aiQ.  But  it  i^ppear«  o«TtKia  Ihat  sach  Movemeata  bl 
been  Actu&llj  witnessed  1  botb  in  Maa  and  Animals  {Ladwig,  vol,  |i.  p.  617  ;  Butf 
•'  Vircliow'ii  Arcbiir,'*  toL  xlv.  p*  140  ;  Todd  atid  Bowman,  wl.  il  p.  236),  Thej  I 
diMCcibcd  as  being  mtermjitcni,  and  ceasiDg  during  ileep.  . 

f  Budg^,  "Lehrbucb  der  PhjwoJogie,"  1862,  p,  17&. 
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and  tmlees  the  lattjer  takes  place,  all  tlie  other  movements  will  l>e  in  VBm  i 
for  its  fibres,  when  cotitracted,  caa  resist  the  combined  force  of  all  the 
expnbor  nutBcles.     There  can  be  little  doubt  that  the  violent  but  fruitless 
efforte  at  iromittng  which  we  occasion  ally   witne^  (two  or  three  such 
efforts  frequently  preceding  the  effectual  one),  are  prevented  irom  emptj-^- 
ing  tlie  stomach  hy  the  obstinacy  with  which  the  cardiac  sphincter  is  kept 
closed ;  just  as  the  expiratoiy  effort  which  assists  in  emptying  the  sto- 
mach, ia  prevented,  by  the  firmness  with  which  the  glottis  is  held  abut, 
from  expelling  the  contents  of  the  chest.     It  is  not  true,  as  was  formerly 
supposed,  that  the  diaphragm  actively  co-operates  in  the  effort  of  vomit* 
ing ;   for^  as  was  first  pointed -out  by  Dr,  M.  Hall,*  tliis  effort,  like  those 
of  deffecation,  urination,  and  parturition,  is  essentially  performed  by  the 
muscles  of  expiration;  with  this  difference,  however,  that  the  diaplmigm, 
instead  of  hmng  jja&sive^  is  fixed,  and  snpphes  a  firm  surface  against  wliicb 
the  stomach  is  pressed.     In  this,  as  in  tlie  other  cases  just  referred^to,  the 
expulsive  effort  is  preceded  by  a  deep  inspiration,  after  which  the  glottis 
is  spasmodically  closed  during  its  whole  continuance. — ^The  immediate 
causes  of  vomiting  may  be  reduced  to  three  different  categories.     Ist. 
Tlie  contact  of  irritating  substances  \dth  the  mucous  membrane  of  the 
stomach  itself;  these^  however,  cannot  act   by  direct  stimulation   upon 
more  ^lan  its  own  niuscuJar  coat ;  and  their  operation  upon  the  asso- 
ciated muaeles  must  take  place  by  r^^^xion^  through  the  *  nervous  circle ' 
furnished  by  the  pneumogBstricsf  and  the  motor  nerves  of  expi ration. 
2nd-  Irritations  applied  to  other  parts  of  the  body,  likewise  operating  by 
smpiff-reflcj'  traiasniission ;  as  in  the  vomiting  which  is  consequent  upon 
the  strangulation  of  a  hernia,  or  the  passage  of  a  renal  calculus ;   or  in 
that  which  is  excited  by  the  injection  of  tartar-emetic  or  emetin  into  the 
circulating  current,  where  theae  substances  probably  produce  their  cha- 
racteristic effect  by  tlieir  operation  on  the  nervous  centres.     3rd.  Imprea- 
sionfl  receivetl  through  the  smsorial  centres,  which  may  be  either  sen^- 
tional  or  emotional,  but  which  do  not  operate  unless  they  are  /elf.     In 
this  mode  seems  to  be  excited  the  vomiting  that  is  induced  by  tickling  the 
fauces,  which  first  gives  rise  to  the  sensation  of  nausea ;  as  well  as  the 
vomiting  consecpicnt  upon  disgusting  sights^  odours,  or  tastes,  and  upon 
those  pecidiar  internal  sensations  which  are  preliminary  to  '  sea^sickji^s.' 
The  rccolkction  of  these  BenaatdooB,  conjoined  with  the  emotional  state 
which  they  originally  excited,  may  itself  become  an  efficient  cause  of  the 
action,  at  least  in  individuals  of  pecidiarly  irritable  stomachs  or  of  highly 
sensitive  nervous  systems ;   for  this  plays  downwards  upon  the  sensorial 
centres,  in  such  a  manner  as  to  excite  in  them  the  same  condition  as  that 
which  was  originaUy  produced  through  the  medium  of  the  sensory  nerve 
when  tlie  object  was  actually  present.     (See  ceaf.  xi.,  Sect  3,) 

74.  The  passage  of  the  Chjme,  or  product  of  tlie  gastric  digestinn, 
through  the  pyloric  oriiice,  into  the  commencement  of  the  ItUestinat  tnhe^ 
is  at  first  slow ;  but  when  the  digestive  process  is  nearly  completed^  it  is 
transmitted  in  much  larger  quantities.  The  pyloric  oriiice,  like  the 
cardiac,  is  furnished  with  a  sphincter  muscle ;  but  bow  ^  its  contractions 

*  "  Quarterly  JoitrD&l  of  Science/'  toI.  jnir.  p.  388  <<  9eq, 

+  EiemiLk  obs^rred  that,  after  Miction  of  one  FneumogastriA,  irrftAtion  of  tlie  centric 
Etjiemitj  prodaoec]  [lowi^rfiit  contractionH  of  the  Abdomiiiiil  Masclea,  &iid  iuducod  vomit* 
ling  (Schiff,   '•  PlijK./*  p.  420),   n  f»ct  which   ba^  »leo  b«eu  wiTobomted  hy   Bodge 
('^rhyftiulog,"  im%  p.  180)  ftod  Waller,  "Proriep'a  Tage»beriobt,"  1851,  p.  315)* 
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are  dependent  upon  *  feilex  action/  hiis  not  yet  been  ascertain ed. 
ingested  matter,  whicb  imdeT^oes  further  changes  oi'  a  very  important 
character  ■within  tJiia  portion  of  tlie  canal,  is  gradually  propelled  onwards 
by  the  peristaltic  contractions  of  its  waDs ;  and  these  are  excited  by  tiie 
contact,  either  of  the  products  of  digestion,  or  of  the  aecretiona  poured- in 
by  the  various  glands  tliat  discharge  their  products  into  the  intestinal 
tube,*  In  its  progreea  along  the  small  intestines,  the  nntritioua  portion 
of  iJie  ingested  matter  is  gradually  taken- up  by  the  blood -vessels  and 
absorbents;  and  the  residue,  combined  with  e^crenientitioua  matters 
separated  from  the  bloody  begins  to  assume  the  ffccal  clmracter,  A  lurther 
absorption  ttikes  place  during  the  passage  of  die  foecal  matter  through 
the  hirge  intestines ;  and  thus  by  tlie  time  it  reaches  the  rectum,  it  has 
acquired  a  considerable  de^gree  of  consistency.- — ^The  ordinary  Peristaltio 
movements  of  tlie  Intestinal  canal  may,  to  some  extent,  l>c  referred  to  reflex 
action  through  the  chain  of  Nerves  and  nervous  gangha^  one  layer  of  whicb 
has  been  shown  by  Meissner  to  exist  in  the  submucous  areolar  tissue,  and 
another,  by  Auerbach,  between  the  circular  imd  longitudinal  layers  of 
muscular  tissue  of  tlie  small  intestines,  and  on  tlie  outside  of  tlie  longi- 
tudinal layer  in  the  large  intestine,f  They  may,  however,  be  excited  by 
irritation  of  more  distant  sympathetic  centr^  as  of  the  solar  plexus,  J  and  of 
the  Sympatlie  tic  Gangha  of  the  Neck .  §  Indeed,  the  experim  en  ts  of  Valenti  n, 
Tvho,  more  tliau  any  other  Physiologist,  has  succeeded  in  obtaining  positive 
results  of  this  kind,  indicate  that  the  motor  intlueTice  does  not  originate  in 
the  Sympathetic  Ganglia,  but  is  primarily  derived  from  the  Spinjd  cord.|| 
The  ibilowirig  are  his  general  results,  so  &t  as  they  apply  to  tjiis  part  of 
the  subject. — The  lower  part  of  tJie  CEsophngus  in  the  neck  is  made  to 
contemct  perbtaltically  from  above  downwards,  by  irritation  of  the  roots 
of  the  first  three  cervical  Spinal  nerves,  and  ot'  the  cervical  portion  of  the 
Sympathetic,  throiigh  which  last  the  former  evidently  operate.  The  tho- 
racic portion  of  the  oesophagus  is  made  to  contract,  by  irritation  of  the 
low^est  Sympathetic  ganglion  of  the  neck,  and  of  lie  higher  thoracic 
gangha,  and  also  of  the  roots  of  the  lower  cervical  Spinal  nerves. — Mus- 
cular contractions  of  the  Stomach  arc  produced  in  the  rabbit,  by  irritation 
of  the  roots  of  the  4th,  5th,  6th,  and  7th  cervical  Spinal  nerves,  and  of 
the  Ist  thoracic,  so  that  a  distinct  furrow  is  evident  between  the  cardiac 
and  pyloric  portions  of  the  visciis  j  and  the  lower  the  nerve  irritated,  the 
nearer  to  the  pylorus  do  the  contractions  extend.  Irritation  of  the  first 
thoracic  ganglion  of  the  Symfjathetic  produces  the  same  effect. — Contrac- 
tions of  the  Intestinal  tube,  varying  in  place  according  to  the  part  of  tlie 
Spinal  cord  experi  men  ted-on,  may  be  excited  by  irritation  of  the  roots  of 
tho  dorsal,  lumbar,  and  sacnd  nerves,  and  of  the  trigeminus ;  and  similar 
effects  are  produced  by  irritation  of  the  lower  jiart  of  the  thoracic  portion, 
of  the  lumbar,  and  of  the  sacral  portions  of  the  S)Tnpatlietic, — also  of  the 

*  Tlie  Bile  seemB  to  have  dji  impcrtajtit  sh&ro  la  prodacinig  tbu  effect ;  dace,  whea 
the  dactUH  chulcdochufl  m  ti«dt  ooDEtipatioD  &iwaya  occurs.  The  purgative  action  of 
HercuridB  ^eemj  to  depiad  ia  great  part  upoa  the  increase  of  tba  hepatic  and  other 
secretions  which  it  indmoet. 

+  Auerbflch,  "Caaatfttt't  Jahrcsljerieht;*  1862,  p.  174  ;  Um^  "  Die  Nerven  nnd 
QangUea  des  SaegethlerdaTUie^^'  1859;  Kmose,  ^^  Studiea  des  Fhjs.  Instit.  eq 
Breslau,*'  ISB^^p.  ^L  "  Uolera.  tib.  eLnig  Un^ch.  der  peri^t&lt.  Beveg,  dea  Danjjcauala/' 

X  Ludwig,  "  Phjsiologie,*'  ?uL  ii,  1861,  p,  fll6, 

§  YaLeDtin,  *^De  FuncdoaibaiNerTeTuta  Cerebrahamet  Kerri  Syzupathici^  b^^lc  11* 
ehap.  ii.  11  Ibid. 
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splanchnic,  and  of  die  gastric  plexuses.*  PflUger  was  led  from  hia  obser- 
Yationsf  to  oonsider  that  irritation  of  the  Splanchnic  P^ervea  may,  accordiiig 
ta  circumstances,  check  the  uiovemcnts  of  the  smaH  intestmes  i£  they  be 
already  present,  or  occa^sion  them  if  the  musclea  are  at  rest, 

75.  From  these  facts  it  is  evident,  that  the  movements  of  the  Intes- 
tinaJ  tube  may  be  tnfluetteed  b^  the  Spinal  Cord  ^  and  that  what  is  com- 
ntonly  termed  the  Sympathetic  nen^e,  is  the  diannel  of  that  Inifuence,  by 
the  fibres  which  it  derives  from  the  Spinal  system.  But  it  by  no  means 
thence  foliowa,  that  the  ordinary  peristaltic  actions  of  the  muscles  in 
question  aje  dependent  on  a  stimuiujs  reflected  through  the  spinal  cord, 
rather  than  on  one  directly  applied  to  themselves.  It  is  clear  tliat, 
aJthough  these  movements  are  of  the  first  importance  to  the  wel&re  of  the 
sj-^stem,  such  meana  of  sustaining  them  are  feeble,  compared  to  tliose 
which  we  find  provided  for  the  maintenance  of  the  distinctly -reflex  actions 
of  deglutition,  respiration,  &c.  And  tlie  fact  that  they  aje  capable  of 
b^ing  at  all  times  more  easily  excjted  by  stimuli  apphed  to  the  muscles, 
than  hy  any  kind  of  irritation  applied  to  their  nerves,— taken  in  connection 
with  the  fajct  that  the  muscles  not  only  remain  irritable,  but  will  execute 
regTLilar  peristaltic  contractions,  for  a  long  time  after  any  such  contraciions 
can  be  excited  through  their  nerves,^ — seema  a  yerjf  strong  indication  that 
thoi;gh  the  nervous  influence  is  the  chief,  yet  that  it  is  ?if^£  the  only  agent 
in  calling  these  movements  into  play.  And  as  we  well  know  that  the 
peristaltic  movements  are  aiected  by  particukr  states  of  mind,  or  by  con- 
ditions of  the  bodily  system,  the  coimection  just  traced  satiafectorily  ac- 
counts for  this,  and  is  itself  suificiently  explained.  The  rapidity  with 
which  the  food  traverses  the  intestinal  tube  is  subject  to  great  varia- 
tions. In  a  caac  of  artiticial  anus  which  opened  into  the  upper  part  of 
the  jejunum  J  reported  by  Dr.  BusciijJ  the  first  portions  of  food  usuaDy 
appeared  in  from  22  to  30  minutes  after  ingestion.  Wbibt  in  anotber 
case  re[>orted  by  Dr.  Braune,5  in  which  the  artiJiciul  anna  communicated 
with  the  intestine  a  few  inches  above  the  ileo- colic  valve;  tlie  first  appear- 
ance of  the  fiiod  presented  itself  three  hours  after  ingestion,  and  the  last  about 
fflx  hours  after,  so  that  we  may  consider  the  time  occupied  by  the  tbod  in 
traversing  the  small  intestine  to  be  about  2|  hours.  The  food  having  tra- 
versed tbe  small  intestine  enters  the  ctccnm  by  an  aperture  guarded  by  a 
Talve  (the  lliocffical),  whose  lateral  position  is  clearly  a  provision  for  pre- 
venting the  whole  weight  of  the  Fs&ces  as  the  reoiaina  of  the  tbod  here 
b^n  to  be  called  by  which  it  might  be  forced  back,  firom  resting  upon 
it.  The  Ffficea  in  their  ascent  are  lodged  in  the  sacculi  of  the  Colon, 
by  which  they  ar©  supported  during  the  intervals  of  the  peristaltic  action 
of  the  Muscular  Coat.     In  their  course  tJirough  the  descending  cM^lon^  tbey 

*  BndgQ  «nd  Scbiff,  moreover,  in  ezp^rinieiiti  on  Cftta,  obtained  int^tiDal  moremeDts 
on  direct  irritfttioQ  of  the  Corpom  SlriAii^  Qptic  Tiuvbrnij  Corpora  QniidrifeMiiia,  Foas 
Yarolii,  Medulla  Oblongata,  and  tbe  Pedcmclea  of  tbe  Btnin  and  Ctrebellam,  iJonget, 
however  ("FhjE,'*  IStll,  foL  L  p,  149),  oq  repeating  these  expetirDeats  in  Dogs  and 
lUbbita  wsi  aaabte  to  &mve  at  anj  de  fin  i  tta  result  See  Uadge  i ' '  Lebrb  a^b  d er  ?h jdologie/ ' 
1M%  p.  7 85) I  and  Scbid^  privata  eommanioatiou  io  Lot^get  ("Fbydologie,"  p.  H9)< 
Kmnse  b  of  opinion  tbat  the  pensi«Jtic  movements  of  tbe  iates^xi««  are  chieflj  the 
r^ult  of  tbe  elrculatioii  of  bJood  eontaiidng  a  de^cie^ej  qf  oxfgen^  (See  ^'  Studiea  der 
Fhyaiotog.  Inatltut^  2 a  Bteslau/'  ]663|  p^  H.) 

t  **  Deber  dfls  Hemmungs  ^'erven  ajHion),  fur  die  periEtftlt,  Beweg.  der  (JedSinimeii," 
BertiD,  1S56. 

t  '*  Virchow's  ircbiv,"  vol.  xjf,  p.  140. 

f  **  Arvbivea  a^n^ralea  d«  M^./'  UBl^  p.  ^IQ. 
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paaa  through  its  remarkable  sigmoid  i3exiire,bj  wliich  they  are  prevented  frnij 
directly  preaMg  agaiEst  th  e  Aiml  orifice.     As  regard  s  the  two v  em  en  ts  of  tlij 
krge  intestine,  they  differ  from  those  of  the  small  intestine  iJi  tliat  Uiey  ca 
not,  aceording  toPflLiger^  be  checked  by  irritationof  the  Splanchnic  Nerve 

76*  On  examining  the  outlet  by  which  the  feeeea  are  voided,  we  tin 
that  it  is  placed^  like  die  entrance^  under  tlie  guardianship  of  the  Spir 
Cord ;  subject,  however,  to  some  control  on  the  part  of  tlie  Will*  In  the 
low^  animal%  the  act  of  discharging  excrementitious  matter  is  probably 
as  involuntary  as  are  the  acta  immediately  concerned  in  the  introductiou 
of  nutriment ;  and  it  is  perfonned  a^  oilen  as  there  is  anything  to  be  got 
rid  o£  In  the  higher  daises,  however,  mich  discharges  are  much  leaa 
frequent;  and  reBcrvoira  are  provided,  in  which  the  excrementiliouB 
matter  may  accimmlate  in  the  intervals.  The  associated  movements 
required  to  empty  tlieae,  are  completely  involuntary  in  their  character ; 
and  are  excited  by  the  quantity,  or  stimiiiatiug  quality,  of  the  contents 
of  the  reservoir.  But,  had  volition  no  control  over  them,  great  incon- 
venience would  en^ue ;  hence  sensation  is  excited  by  the  same  stimuhis 
wMch  produces  the  movements,  in  order  that,  by  arousing  the  will,  tlie 
otherw^ise  involuntary  motions  may  be  restrained  and  directed. — -There 
can  be  tittle  doubt ,  from  the  experiments  of  Dr.  M.  Hall,  aa  well  as  from 
other  considerations,  that  tlie  associated  movements  by  which  tlie  contents 
of  the  rectum  and  bladder  are  discharged,  corre^ond  much  with  those  of 
Respiration ;  being  in  their  own  nature  excito -motor,  but  being  capable 
of  a  certain  degree  of  voluntary  restraint  and  assistance.  The  act  of 
Defecation  (as  of  Urination)  chiefly  depends  upon  tlie  combined  contrac- 
tion of  the  al>dominal  muscles,  siinilur  to  that  which  is  concerned  in  the 
expiratory  movement ;  but,  the  glottis  being  closed  so  as  to  prevent  the 
upward  motion  of  the  diajiliragm,  their  force  acta  only  on  the  contents  of 
the  abdominal  cavity  ;  and  so  long  as  the  sphincter  of  the  cardia  remains 
closed,  it  mmjt  press  downwards  upon  the  walls  of  the  rectum  and  bladder, 
— tlie  contents  of  the  one  or  the  otlier  of  these  cavities,  or  of  boUi,  being 
expelled,  according  to  the  condition  of  their  respective  sphincters.  These 
actions  are  doubtless  aHsisted  by  the  contraction  of  the  walls  of  the  rectum 
and  bhidder  themselves ;  for  we  sometimes  find  tlieir  agency  sufficient  to 
ejqx^l  tlie  contents  of  the  cavitie^  when  there  is  a  total  paralysis  of  the 
ordinary  expulsors,  provided  that  tlie  sphincters  be  at  the  same  time 
sufficiently  relaxed.  This  is  more  especially  the  case,  when  their  power 
is  augmented  by  increased  nutrition,  For  example,  in  many  cases  of 
dir^ease  or  injury  of  the  Spinal  Cord,  the  bladder  ceases  to  expel  its 
contents,  tlirough  tho  interruption  of  the  circle  of  reflex  action;  but 
jifter  a  time,  the  necessity  ibr  drawing  off  the  urine  by  the  catheter  is 
tbrmd  to  exist  no  longer,  the  liuid  being  constantly  expelled  as  soon  as  it 
hns  i»ccumu]iite<l  in  small  quantities.  In  such  oises,  the  mucous  coat  is 
found  afl:er  deatli  to  be  thickened  and  inflamed ;  and  the  niuecular  coat 
to  be  greatly  increased  in  strength,  and  contracted  UjKjn  itself  It  would 
seem,  then,  that  the  abnormal  irritability  of  the  mucous  membrane,  and 
the  increased  nutrition  of  tho  muscuhir  substance  which  api>ears  conse- 
quent upon  it,  enable  tlie  latter  to  ex|>el  the  urine  witliout  the  aaststance 
tjf  the  ordinary  expulsors* 

77.  On  the  otlier  hand,  the  sphincters  which  antagonize  the  expellent 
action,  are  usually  maintained  in  a  state  of  moderate  contraction,  so  as  to 
aftbrd  a  constant  chock  to  tlie  egre^  of  Uie  contents  of  the  cavities ;  and 
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this  condition  has  been  fiilly  proved  by  Dr.  M.  llalJ,  to  result  froto  their 
connectioti  with  Uie  Spinal  Cord,  ceiling  completely  when  tJiis  is  inter- 
rupted. But  the  sphinetera  are  certainly  in  part  controlled  by  the  WLU, 
and  are  made  to  act  in  obedience  to  the  warning  given  by  sensation ;  and 
this  voluntary  power  is  trecjuently  destroyed  by  injuries  of  the  Brain, 
whilst  the  Spinal  Cord  remains  able  to  perform  all  iti  own  functions,  m 
that  discharge  of  Uie  urine  and  tkces  occura, — ^In  their  state  of  moderate 
excitement,  the  expidsors  and  the  sphbcters  may  tte  regairded  as  balancing 
one  another,  ao  ikr  as  their  reflex  ^tion  is  concerned  ;  the  latter  having 
mtlier  the  predominaaoe,  so  as  to  retrain  the  operation  of  the  former. 
But,  when  the  quantity  or  quality  of  the  contents  of  the  cavity  girea  an 
ex:e.essiva  stimulus  to  the  former,  their  action  predominates,  iinlesa  the 
Will  be  put  in  force  to  strengtlien  the  reaiatanee  of  the  sphincter ;  this  we 
lire  frequently  exprnendng,  sometimes  to  our  great  discomfort.  On  the 
other  hand,  if  the  Btimulaa  be  deficient,  the  will  must  aid  the  expul^ora, 
in  order  to  overcome  that  resistance  which  is  due  to  the  reflex  contraction 
of  the  sphincters ;  of  tills  also  we  may  convince  ourfielves,  when  a  sense 
of  propriety,  oraprosjiectiver^^ardto  convenience,  occasions  us  to  evacuate 
the  contents  of  the  rectum  or  bladder  without  a  natural  call  to  do  so. 

4-  0/the  Changes  which  the  Food  und€rffoeSf  during  its  pasmge 
along  the  Alimentary  CanaL 

78.  The  object  of  the  Digestive  process,  as  already  pointed-out,  ia  to  reduce 
tlie  Alimentary  matters  to  a  condition  in  which 
they  can  be  introduced  by  AI>9orption  into  the 
Circulating  system.     This  reduction  is  partly 
eflbcted,  as  we  have  seen,  by  Mechanical  means ; 
but  it  is  chiefly  due  to  the  Cliemical  agencies 
which  are  brought  to  bear  ujjon  the  ingested 
substances,  during  their   transit  through   the 
mouth,  the  stomach,  and  tlie  upper  portion  of  the 
intestinal  tube.    The  iirst  of  these  is  exerted  by 
the  Stilt  Vfirif  fluid,  which  is  incorporated  with 
the  food  in  the  act  of  mastication,  and  of  %vhich 
a  large  quantity  descends  with  it  to  the  stomach. 
For    the   secretion  of   this   fluid,    it   will   be 
remembered  that  three  pairs  of  glands  of  con- 
siderable si^e  are  provided ;    namely,  the  pa- 
rotid, the  sublingual,  and  the  submaxillary. 
But  in  addition  to  these,  a  very  impor- 
tant part  of  the  fluid  is  ikrniahed  by  the 
lingual  and  palatine  glands,  aod  by  the 
numerous  foUicuiar  gbnds  lodged  in  and 
beneath  the  buccal  mucous  membrane.  The 
Salivary  glands  are  constructed  upon  that 
follicular  type,  of  which  a  charficterlstic 
example   is  presented    in    the  glantls  of 
Brunner  (Fig.  17);  thetr  ultimate  follicles 
(Fig.  H)  are  very  minute  (their  average 
diameter  being  about  l-l2iJ0th  |«irt  of  an 
inch),  and  are  closely  surromided  by  a 
plesus  of  capillMy  blood-v^sels  (Fig*  £>). 
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^^H             &0I1I  a  simple  canfil.  Bending  oif  bud- like  pro<!eB»es,  which  opens  &om  WM 
^^H             mouth,  and  llesanildBt  a  cellul.'ir  hlastenia ;  a.iid  as  their  evolution  advaneeq| 
^^H             the  largo  parent-cella  of  this  blmstema  form  communicatiouB  with  the  gland-* 
^^H             canalj  which  is  at  tlie  same  time  extending  its  rainiHcat;ion%  and  remain  ai 
^^H             tlie  terminal  follicles  of  these. 

^^H                 79.  Niinierous  researches  have  ahown^  that  the  rharacters  of  the  iioi^ 
^^H             poured  forth  res]je<!tively  from  the  three  principal  glands  are   hf  n 
^^H             means  identical ;  and  that  tlie  buccal  mucuB  has  a  very  important  shjil 
^^H             in  the  o|)erations  of  that  mixed  produpt^  which  constitutes  the  ordlBar 
^^H              S^va.      The    epecitie   grayity    of  this   fluid    is   usually  (according   t 
^^M             Lehmonn)    &om    1004    to    10U6 ;    but   he    states  that   it  may  rise    U 
^^H              1008  or  1009,  or  may  sink  to  1002,  without  any  indication  of  coexlstiii| 
^^H             disease  :  according  to  Jacubowitsch,  however,  its  average  speciiic  gravi^l 
^^H              is  Qo  higher  than  1 002-0.     These  variationa  appear  partly  referable  tc 
^^H              the  amount  of  solids  and  liquids  ingested,  and  to  the  amount  of  the  secrd< 
^^H              tion  f previously  poured- out ;    but  they  may  be  partly  attributed  to  fl 
^^H             difference  in  the  profiortions  of  the  fluids  poured  into  the  mouth  by  the 
^^H              several  glands  which  secrete  them.     The  Baliva  is  foutid  to  contain  a  few 
^^H              epithelial  scales  thrown  o^  by  the  buccal  mucous  membrane,  and  a  sinali^ 
^^H              number  of  minute  corpuscles  proceeding  chiefly  from  the  lingual   auM 
^^H              tonsil litic  glands,   wlriich  perform  curious  epontimeous  and  Amoeba- Ukfl 
^^H               movements.*     Its  reaction  is  always  alkaline  in  health  ;  but  the  degrefl 
^^H               of  alkalinity  varies^  b^ng  greatest  during  and  ailer  mealg^   and   IcaSt^ 
^^H              aAer  prolonged  fasting,  when  the  fluid  is  ahnost  neutral.     The  following 
^^H             are  some  of  the  chief  analyses  of  this  fluid  that  have  been  made  i- —         j 
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«  Brucko,  ''Sltxungibencht  d.  Wiener  Akad./'  Bd.  xlv.                                                 ■ 

t  T*  Simon,  *'  Animal  Cbemistry,"  Sjd.  Soc,  Edit.,  vol,  ii,  p.  4,                                ^ 

t  From  *•  Bonder  Phya.,  *  p.  188,  18i>9. 

i  See  ''  CanaOttt  B  Jabresbericbt/'  1850,  p-  136  j  and  "  Wagner'a  Randirort^rbacb,'* 
B^ud  iii,.  Art.  *  VerdautiDg/                                                                                           ^ 

|]  Inaugural  Diftaertation,  '  *  De  Saliva,'*  D^^rpati,  184  8  ;*  see  aUo  Bidder  and  Sdmid^l 
'*  Dh  Yerd;uiungaaa«fte  nnd  der  Stof vrechsel,"  lSb2.                                                    ^M 

H  "Brit,  aad  For.  Med.'Cbir.  Eev/*  18<SQ,  p,  207,                                                     ^B 
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The  Bubetance  to  wHich  the  designation  ofpti^alm  is  given,  is  that  on  whose 
presence  the  peculiar  properties  of  the  Saliva  appear  to  depend ;  and  it 
aeemd,  as  regards  its  chemiciil  nature,  to  be  an  aJbuminoua  compound,  in 
such  a  state  of  change,  however,  that  it  acts  the  purt  of  a  *  ferment/* 
SuJpbocyanide  of  Potassium ,  considered  by  Beraardf  to  be  only  occasionally 
preeeiit,  and  attributed  by  some  to  ibe  presence  of  carious  teeth,  and  by 
others  conceived  to  have  been  mistaken  for  Nicotine,  tlie  eaaential  oil  of 
Tobacco^  has  been  found  by  liar  ley  to  be  a  constant  constituent  of  the 
Sadiva  in  fiersons  posaeBsmg  perfectly  sonnd  teeth,  and  not  addicted  to 
smoking.  Its  use  may  possibly  be  that  suggested  by  Kletzinakyf  to  pre- 
vent the  formation  of  ftingoid  spores  between,  and  in  the  (^vities  of  the 
teeth.  In  a  medico-legal  point  of  view,  tJie  existence  of  a  sujphocyanide 
in  the  saliva  has  a  spedai  importance ;  aince,  if  in  a  state  of  sufficient  con- 
centration,  it  canaea  the  flabva  to  exhibit  tlie  same  blood-red  colour,  when 
treated  with  a  per-aalt  of  iron,  as  that  which  is  produced  by  meconie 
acid.  (The  difference  between  tlie  tvi'^o,  however,  is  easily  made  apparent^ 
by  adding  a  solution  of  perchloride  of  mercury  j  for  this  causes  the  colour 
produced  by  tlie  sulpbocyanide  to  disappear^  whilst  it  has  no  action  on 
that  which  is  due  to  the  presence  of  mooonic  acid-)  To  determine  the 
nature  of  the  differences  in  the  compoeition  and  physit^l  cliaracters  of  the 
secretion  of  the  several  salivary  gland%  Bernard^  inserted  tnbes  into 
their  ducts,  and  found,  on  placing  a  few  drops  of  vinegar  on  the  tongue  of 
a  dog,  that  the  submaxillary  saliva  was  immediately  secreted,  speedily  fol- 
lowed by  that  from  the  parotid,  and  at  a  later  period  by  that  firom  the  sub- 
lingual. The  parotidean  saliva  was  dear  and  watery,  containing  only  0'47 
per  cent  of  solid  residue  in  the  Dog,  and  076  in  the  Horse  (Lehmann). 
The  fluid  discliarged  by  the  sublingual  glaiid  was  thick  and  viscid, 
wliilat  that  of  the  submaxillary  was  intermediate  in  this  respect  to 
the  others.  Hence  Bernard  was  led  to  suggest  that  the  submaxillary 
gland  ministers  to  tlie  sense  of  taste,  whilst  the  f carotid  is  connected  with 
raastit^tion,  and  the  subhngual  with  deglutition. |j  The  Salts,  according 
to  the  analyses  of  Schmidt,  consist  chiefly  of  Chlorides  of  Potassium  and 
Sodium,  phosphate  of  Soda  (to  which  tie  alkaline  reaction  of  the  sahva 

*  The  following,  according  to  Prof.  LehmAno  ("  Phyriologicai  CUeroistiy/'  CiTendkli 
Society 'a  Edj  toI.  ii,  p.  15),  are  the  distinctive  cheniical  ckimct«r»  of  PtyftUOi — Bdiig 
held  in  aoJatioii  bj  an  idkali,  the  additlou  of  &  little  acetic  acid  tfamvadATu  a  floc^oat 
precipitate,  whkh  readilj  dikolrea  m  an  excetitt  of  the  acid.  When  buikd  with  b|dw- 
ohlor3te  of  &tntnonia  or  sulpb&to  of  magnesia,  tho  olkidme  BolQtioa  of  plyftlm  faooE^met 
yoTj  turbicl  j  It  U  precipitated  by  tannio  acid,  biddoride  of  merctiry,  and  bftsic  acetate 
of  lead  J  but  not  hj  alum,  sulphate  of  oopper,  &c.  When  pure  it  lu  oolonrless  ruid  gela- 
tinouH^  with  a  slight  acid  reactiott*  The  aoetic  Acid  aalotiuQ  is  rtrongly  precipitated  on 
the  addition  of  ferfoejnjudA  of  potasatom  ;  &nd  wbea  hoUed  with  nitric  add,  it  yietda  a 
yellow  aoLntion,  Bj  the9«  r«a£tiona  it  ia  shown  that  ptjallD  cloaelj  redemblea  both 
frlbnmea  *ad  caaeio,  wittont  being  identical  with  either  of  them. 

t  ''  ie^oaB,"  IS59,  t.  n.  p,  243, 

t  '*  Heller  nArchiv."  1833,  p.  39. 

§  '*  Lemons/'  11,  12,  13,  voL  IL  1859  ;  ^d  Lectures,  "Med.  Times  and  Gai."  I860, 

II  Thia  idea  of  id.  Bernard 'b  was  confirmed  by  the  following  cxperimeotM,  He  m^te 
BQ  opeoiDg  into  the  oaaophftgna  of  a  Horse,  from  which  he  drew  the  alimentary  botofi  aa 
it  deacfoded  ;  and  oo  weighinn!:  it,  he  found  that  hj  the  imhibitioo  of  anJiva  it  had  in- 
cr^^aed  el^voifM.  He  next  tied  Wharton  a  dact,  and  found  that  the  animal  required 
it  minntea  to  masticate  what  bad  previooBlj  T^qaired  only  9  miotites  ;  and  the  ma^, 
when  withdrawn  &om  ttie  oesopbaguj^,  was  ct^rered  with  mucus  and  a  gltttinouft  Enid, 
the  Interior  being  dry  and  fri&ble,  and  the  whole  increoaed  in  weigbt  only  tknt  a»<i  il 
h&^f  timea. — An  intereating  fact  m  Oompamtive  Anatomy,  wkioh  fidly  ooufirma  the 
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appears  to  be  due),  EMthj  Phosphates,  and  Oxide  of  Iron*  Bfrmard 
haa  ahown  that  variouB  sdts,  after  their  introduction  directly  or  indirectly 
into  the  Blood,  rapidly  make  their  appe^iraiice  in  the  saliva ;  this  m  par- 
ticularly the  case  with  Iodide  of  Potassium,  which  can  often,  though  not 
always  (Harley),  be  detected  in  the  saliva  long  before  its  appearaoce  in  the 
urine.  The  Tartar  which  collects  ti]>on  the  teeth,  and  the  sahvary  concre- 
tions which  occasion  ally  obstruct  the  ducts,  consist  chiefly  of  ttie  earthy 
phosphates  held  together  hy  abotit  20  per  cent  of  animal  matter.  The  iluids 
which  are  secreted  by  the  three  princijial  glands  appear  (froin  the  experi- 
ments to  be  presently  cited)  to  have  very  different  degrees  of  efficacy^  " 
producing  that  chemical  cliauge  in  the  food  which  it  is  the  peculiar  attributa 
of  this  secretion  to  exert. — Of  tlie  quantity  of  Saliva  wliich  is  secrete 
daily,  it  is  impossible  to  form  an  exact  esttniate^  since  it  varies  greatly 
with  tlie  character  of  the  food  ingested,  and  the  frequency  with  which 
that  fojiid  is  taken  ;  the  secreting  process  t>eing,  indeed,  almost  suspended 
when  the  masticating  muscles  and  tongue  are  completely  at  rest,  unless 
excited  by  a  nervous  stimulus.  The  taste,  the  sight,  or  even  the  idea,  of 
savoury  lliod,  is  sufficient  to  cause  a  flow  of  saliva,  esi>ecially  after  a  long 
fast ;  but  it  is  hy  the  maaticntory  movements  that  this  flow  is  chiefly 
promoted,  so  that  the  amoont  poured-forth  wiU  in  a  great  degree  depend 
upon  the  dttration  of  these  movements, — tliis^  again,  being  governed  by  the 
degree  in  which  the  food  requires  mechanical  reduction.  It  is  calculated 
by  MM,  Bidder  and  Schmidt,  that  the  average  in  Man  is  at  about  ^  J 
pounds  daily ;  but  Harley,  with  greater  probability,  estimates  it  at  from 
1  to  2  lbs.  The  influence  of  the  kind  of  food  upon  the  quantity  secreted 
was  well  sliown  by  Lassaigne,*  who  tbimd  on  abstracting  the  Bolus  of 
food,  as  it  passed  dovni  the  CEsophagus  in  Horses,  tlmt  100  parts  of  green 
stalks  were  mingletl  with  49  parts  of  sahva,  the  same  quantity  of  oats  and 
barley  with  from  1 13  to  18fi  parts,  and  of  dry  hay  with  4(>6  parts  of  saliva. 
Dr.  Dalton,  however^  did  not  observe  such  diflerence  in  Man,f  since  10 
parts  of  tresh  cooked  meat  gained  4ti  per  cent,  whilst  dry  wheaten  bread 
did  not  gain  more  than  55  per  cent  of  its  weight  after  thorough  ma 
tication.  _ 

8t>,  Besides  the  preparation  of  the  food  for  the  ulterior  changes  which 
it  luis  to  undergo,  by  promoting  its  mechanical  reduction  in  tlie  act  of 
ujastication,  and  by  facilitating  tl)e  subsequent  admixture  of  other  wateinfl 
fliiids,  and  besides  the  material  assistance  which  it  affords  to  the  act  of  doX 
glutition,  the  Saliva  lulfilsother  and  perhaps  stiU  more  iiup€>itant  purposes. 
Without  its  st>lvent  action  on  many  of  the  eolid  constituents  of  our  food, 
their  Uuite  would  be  either  greatly  diminished  in  intensi^  or  altogether 
lost.  Moreover,  by  lubriciiting  the  surfacea  of  die  mouth  and  teeth  it 
prevents  tlie  adhesion  of  viscous  substances,  whilst  its  presence  is  of  great 
importance  in  enabling  the  tongue  to  perform  tiie  rapid  movements  requi- 
site for  distinct  articulation,  as  is  clearly  indicated  by  the  thick  and  almost 
unintelligible  utterance  ol'  those  in  whom  from  any  cause  the  mouth  and 

reattlta  of  the  alx)Te  obtterrntioDfi,  bus  bcea  brotaght  to  ligUt  by  Prof.  Owea ;  for 
be  Moerttkined  tb&l  ia  the  Great  Aut-i?iiter  {MifrifitfojJnrifitr  jnlHifa]t  whose  etior* 
uiousljr  elongated  tuiigije  ia  kopt  mui&t  bj  a  krgf;  quantity  cif  n  ptH-Miibrly  vii&oid  saliva, 
fur  Hit  piirpoe^  of  eiiitnppipg  itii  pieji  t)ie  Parotid  gli^n^l  is  of  no  unugufLl  siia,  ^hiJul 
tbe  f^nbiDnxillmry  glaod  t;}(U;uU«  not  only  tdotig  a  greu.t  part  ^>f  tJie  eku^ted  jaws^  ba 
bftcliwiu^a  into  the  ueck. 

*  •*  U  Iteiiti;'  xxl  p,  802.  f  *»Himiwi  PhyHioloEy,"  18GI,  p.  112. 
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tongas  Imvo  become  dry  and  parched.  Lastly  tliere  can  be  no  doubt  that 
it  has  itself  a  powerful  chemical  action  upon  the  iarinaceoua  conntitueuta 
q£  food  I  for  it  has  been  shown  by  Mialhe  that  one  part  of  Ptjalin  dia- 
solved  in  water  can  effect  the  conyaraioxi  of  20  UO  ptirts  of  Stiirch,  firat 
into  dextrine  and  then  into  grape  sugar.  The  rapidity  with  which  thia 
takes  place  under  favourable  circumstancea  is  very  great ;  thua  Vintsch- 
gau*  found  that  if  well  boiled,  thin  starch  paste,  which  had  been  rendered 
blue  by  the  addition  of  Iodine  were  added  drop  by  drop  to  Sah'%^a  at  a 
temperature  of  98*  or  99"*  F,  the  colour  instantly  disappeared;  and 
Dr,  Dalton  found  traces  of  Sugar  in  Starch-paste  which  had  been  kept 
in  the  mouth  within  30  aeconds.  This  power  is  not  peculiar,  howcYer, 
to  the  Saliva ;  for  M.  Bernard  bsA  ahown  that  many  azoti2ed  substances, 
in  a  state  of  incipient  decomposition,  exert  a  aimilar  agency :  still  it 
appears  to  be  possessed  hy  ptyalin  in  a  much  greater  degree  than  by  any 
of  these  (save  the  pancreatic  fluid,  which  resembles  saliva  in  this  property), 
the  tranaformation  of  starch  under  its  influence  commencing  immediately, 
and  continuing  energetically  until  it  m  entirely  effected.  Human  Sabva 
appears  to  be  more  powerM  than  that  of  aniinak;  isince  not  only  is  the 
secretion  of  any  one  of  the  glands  sufficient  to  effect  tliis  converaioa, 
(though  undoubtedly  the  energy  of  the  action  is  materially  increased  by 
the  admixture  of  tlie  Sahva  flowing  from  all  the  glands)^  but  the  trans- 
forming process  is  certainly  not  checked  on  the  passage  of  the  food  into 
tlie  stomach,  which  is  probably  partly  the  result  of  the  lazgeiF  proportion 
of  Ptyabn  which  the  Saliva  of  Man  contains  na  compared  with  that  of  the 
Horse  or  Dog,  and  partly  to  the  atjidity  of  Human  Gastric  Juice  being  much 
less  than  that  secreted  by  the  latter  of  these  animals. f  In  reference  to  the 
otlier  constituents  of  our  food,  Longetf  and  Harley  lie li eve  that  the 
mixed  Sidi  va  possesses  a  shght  emulsifying  i>oweron  oleaginous  substance; 
but  no  satisliictory  evidence  has  yet  been  obtained  tliut  the  Siitiva  has  any 
chemical  action  upon  azotized  compoimds ;  consequently,  ks  regards 
these  oonstituenta  of  the  food,  its  operation  must  h*i  (Considered  as  purely 
physical,  and  we  sliall  find  that  a  different  secretion  is  provided  for  their 
transform ation^  which  has  no  action  upon  ferinaceous  matter.  The 
*^ecretioii  of  the  Saliva  takes  place  intermittingly  under  nervous  influence, 
the  conditions  of  which  have  been  very  carefidly  investigated  by  Bernard,! 
Eckliard,||  SehiffjIT  Adrian,  and  others,  in  the  dog.  The  subnmxillaiy  and 
sublingual  gknfls  are  supplied  by  tlie  chorda  tympani  and  hy  branches 
of  the  sympathetic,  the  different  action  of  which  upon  the  glands,  when 
stimulated,  is  very  curious,  effecting  actually  a  change  in  the  character  of 
the  Saliva  secreted.  If  the  parte  are  cleanly  dissected  out,  the  glands  may 
be  seen  at  rest,  secreting  little  or  no  saliva,  whilst  the  venous  blood  return- 
ing from  them  is  of  a  dark  tint.  If  a  drop  of  vinegar  be  now  pJiiced  upon 
the  tongue  of  the  animal,  the  arterial  twiga  supplying  the  gland  immedi- 
ately enlarge,  the  rapidity  of  the  current  of  blood  ia  increaaed,  the  veins 
pulaate  and  convey  scarlet  blood,  and  an  abunrlant  discharge  of  limpid 
saliva  takes  place.      These  conditions  are  brought  about  by  a  rellex 


•  **  Atti  del  InstitQto  Vcncto,"  1  jt.  1359. 

t  See  T.  Gorup-BesaD^z;,    "  Phjaiolog-  Chemief "  p.  43T  ;  iSckhard,  Onlenatein,  aod 
Bierrliet  in  **  Cafiatatt's  Jahresbericht,"  for  1659,  p*  117;    1M2,  p.  110. 

f  Lecture*.  '*  Med.  Timea  and  tlat.,"  tuI  I  1860,  p.  288-3^1, 

II   **Beilrtitjo,^*  liaurl  iL  p.  205  ■  iii ,  1S«2,|*.4L      %  **  PhjiiologiV'  ^^^^*  P-  ^^3> 
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action  tranamitted  iJirough  the  seuBOiy  branchea  of  the  gustntoiy 
glossopharyngeal  nervea,  and  through  motor  nerves  contained  in  the  chord 
tympani  and  primarily  derived  from  the  fiscial ;  for  if  either  of  tliese  latter 
nerves  be  cut,  the  current  of  blood  becomes  dower,  its  colour  in  the  veins 
black,  the  Becretion  of  Saliva  dimimaheSj  and  vinegar  placed  on  tlie 
tongiie  no  longer  excites  the  secretion ;  whilst,  il'  tlieir  cut  extremities  be 
again  irritated,  all  the  former  phenomena  recur.  That  the  secretion  does 
not  wholly  ceaa©  after  section  of  the  chorda  tymimni,  is  beUeved  by 
Bernard*  to  be  due  to  the  redex  action  of  the  submaxillary  gangUon, 
afi  it  ia  entirely  stopped  "when  that  ganglion  is  also  removed.  On 
the  other  hand,  if  the  sympfithetic  branches  procee^Uug  to  these  glands 
be  irritated,  the  current  of  blood  beciom^  very  slow^  in  consequence 
of  the  contraction  of  the  veaaelsj  its  colour  in  the  veins  very  dark,  and  the 
Becretion  of  Saliva,  whilst  it  diminiahes  in  quantity^  liecomea  at  the  same 
time  remarkably  viacoua,  and  containa,  according  to  Ecklmrd,  a  reniarkable 
number  of  the  sarcode-like  bodies  pos&eaaing  the  power  of  af»OMtaneoiia 
movement.<^ln  reference  to  the  Parotid  glands,  Bernard  supposed  tljat 
the  branch  through  which  the  nervoua  energy  was  conveyed,  ordinarily 
stimulating  them  to  activity,  waa  derived  from  an  anastomosing  loop 
between  the  facial  and  the  auricular  branch  of  the  Fifth,  irrit-jition  of  this 
nerve  causing  a  profuso  secretion  of  watery  Saliva.  Eckhiird,  however, 
conaidera  that  the  iacial  nerve  has  no  influence  uj>on  the  How  of  jjaro- 
tidean  Saliva,  and  that  the  motor  nerves  of  this  gland  are  exclusively 
derived  from  the  auriculo- temporal  nerve.  Irritation  of  the  Sympathetic 
does  not  appear  to  alt^  in  any  way  the  characters  of  the  secretion^  ns  in 
the  case  of  the  subma^dllary  gland,  but  mmply  elfects  a  diminution  In  its 
quantity.  It  may  be  observed,  in  conclusion^  that  tlie  Saliva  cim  be  excited 
to  flow — 1  *  By  direct  irritation  of  the  cut  extremities  of  the  Chorda 
Tympani  nerve  of  the  Facial,  of  the  Fifth,  (tiiough  the  petrosal  nerve  may 
also  have  fceen  excited,  Schiff),  and  of  the  Sympathetic  cord  in  the  ne<i 
(Ludwig),  2«  By  the  reflex  action  {a)  of  the  submaxillary  ganglion,  and 
(6)  of  the  brain  ajid  spinal  cord,  excited  through  impressions  conveyed 
by  the  Glossopharyngeal  and  gustatory  of  Uie  FifUi,  and  taking  effect 
through  the  motor  branches  of  ^e  Facial  running  in  the  chorda  tympani, 
d«  By  mental  stimidi,  as  by  the  sight  or  thought  of  s^ipid  food-  4,  By 
poisona  circulating  in  the  blood,  as  camphor,  woorara,  and  the  salts  of  mer^ 
cury*  5,  By  the  lesion  of  certain  parts  of  the  encephalon,  as  the  floor 
of  fJie  fourth  ventricle  (Bernard). 

81.  On  its  entrance  into  the  Stomach,  tlie  food  is  subjected  to  the 
operation  of  the  Gajftric  Juic^j  which  is  secreted  by  the  follicles  in  its 
walls,  or  by  a  certain  part  of  theuu  This  folliculiu*  appiratus  is  ex- 
tremely extensive^  and  makes  up  the  chief  jmrt  of  the  thickneaa  of  Urn 
gastric  mucous  membrane.  ]£  this  be  divided  by  a  section  perpendicular 
to  the  stiriace  (Fig.  10),  it  is  seen  to  be  almost  entirely  comf>08ed  of  a 
m^fltit^nle  of  |>arallel  tubuli  doaely  applied  to  each  other,  their  aecal 
extretuitiea  abutting  againat  the  aubmucoua  tiaaue,  and  their  open  ends 
being  directed  towards  the  cavity  of  the  Stomach,  Between  the  tubuli, 
blood- vessels  pass-up  from  the  aubmucous  tissue,  and  from  a  vascular 
network  on  ita  eurlace,  in  tlie  interspaces  of  which  the  orifices  of  the 

•  **Bibliathec[ueDmveraelle,**  1863,  p.  262,  Ablationof  the  submaxillary  ganglion 
CHK!»Bi(au  a  ooatiuuotisitLitead  gf  jw  ioitcrnutteiit  secretiou  of  Salira  fr^m  the  aubm&xillajj 
ghuuL 
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tubes  are  seen  (Fig.  11).  These  tubizlar  gknds,  whose  number  is  esti- 
lu&ted  by  Sappey  at  nearly  five  millions,*  however^  have  not  everywhere 
the  same  etructure.  In  tliat  which  raay  be  conmdered  aa  their  most 
characteristic  form,  and  which  presents  itself  over  the  greater  part  of  the 
area  of  the  raembrane,  the  wide  open  orilice  leads  to  a  pit  of  no  great 


fm.  la 


Fio.  11. 


hfmm  Iff  tJu  Sttmaelt  ncai  the  ^\ot^  t 


CiqstUuT  niftirork  df  th«  Using  foamfanoie 
«f  t  be  Stomaek,  with  the  Drificei  of  the  s^uttie 


depth  (Pig,  12,  a%  lined  by  cylinder-epithelium  resembling  that  of  tiie 
sur^ice  with  which  it  m  oontinuons ;  and  from  the  bottom  of  thia  pit,  two 
or  more  passiiges  (^,  ^)  branch-off,  still  lined  by  cylinder- epithelium, 
which  speedily  subdivide  into  the  proper  glandular  cmca  (r?,  c)^  Each  of 
these  cffics,  when  snflSciently  magnified  (Fig.  18),  is  found  to  be  com- 
posed of  a  delicate  basement-membrane  (a),  inflected  over  a  seriea  of 
nearly  globular  cells  (A),  which  ocmipy  almost  the  whole  cavity  of  the 
tube,  and  which  contain  a  finely -granulsT  matter ;  the  narrow  passage 
lell  vacant  in  the  centre,  however,  is  still  surrounded  by  a  layer  of 
epitlieHal  cells  {e),  whose  BraaH  size  is  in  striking  contrast  to  the  large 
dimensions  of  the  gknd-cells.  When  a  transverse  section  is  made  through 
a  cluflter  of  cieea  comiected  with  a  single  external  orifice,  they  are  Ibund 
to  bo  held-together  in  a  bundle  (Fig*  H)  by  the  interposition  of  areolar 
tiasue,  a  thicker  layer  of  which  surrounds  the  whole  fasciculus,  and  iso- 
latea  it  from  others ;  whilst  between  the  cteca  are  observed  the  orificea 
(Hj  a)  of  the  divided  capillary  vessels  which  pass-up  amongst  them, — A 
different  type  of  glandular  structure  frequently  presents  itaelf,  however, 
especially  near  tlie  pylorus  ]  for  the  superficial  orifiee  leads  into  a  long 
and  wide  ibUicIe  (Fig,  15,  a),  lined  with  cylinder-epithelium,  and 
branching-out,  as  it  approaches  the  submucous  tissue,  into  a  snail  nnm* 

•  Hetde,  *  ^  Aiifltomb/*  1S62,  p.  l£9. 
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ber  of  abort  foiliclea  {h  ft),  still  lined  by  an  epttbdium  of  the  same  kinl 
Pia.  12.  Fra.  13. 


m^ 


'^m' 


Fig,  14. 


Fig*  1%  FfpHe  ^astrv  ^iand ;— n,  common  trunk  j  K  i 
iU  chief  hroochfa  j  p,  e,  t^ffxtiinal  cipca  with  sphefQld 

Fio*  13*  Porlloua  of  one  of  thp  t'lwa  mof  e  hlghlj  ^AgnU 
n^  ft^  i!0«ti  lotig^tuiliiLol]?  {&),  nnd  in  inmiverte  flM^ 
tioB  (n);— o,hnfhiTiii'iit  niii>iiihnuiu ;  A^,  LtLt^v  ^Jundnlttrcfll ; 
e,  Mtoall  epItheliiiai-L^tU  Btirromidiiig  Che  CjirLtj, 

KbUikeT*and  Goll  have  clearly  oliown  timt  we  must  consider  the  firat  of  tliem 
aa  the  inBtnmient  of  the  secretion  of  gastric  fliaid, 
while  the  office  of  the  second  la  aimply  to  iVtrniBh 
mucus  for  the  protection  of  the  niembrm'ie.  For 
in  the  Dog  and  Pig,  in  which  the  limitution  of  the 
two  kinds  of  glands  to  particular  regions  of  the 
fltomach  (the  former  to  the  great  curvattire  and 
the  middle  portion,  the  hitter  to  the  pyloric  portion) 
is  well  marked,  it  has  been  fotuid  that  only  the 
follicles  widi  globnliir  cells  furniftli  a  substance 
poflseseing  a  solvent  power  for  protein -com  poundu^ 
the  aecretion  of  the  follicles  lined  by  cylinder-opithe- 
..  ,       Hum  faeinjr  destitute  of  this  property,  and  a^reeinjr 

tbrtjugh  n  duster  of  aoMitia  With  ordinary  mucufl.j  According  to  M*  CL  Bernard^ 
JS^didT^I^M^ikiRiT;  ^hen  the  stomach  ia  empty,  the  cylindrical  epithelium 
*,  a,  Dfiseoi  of  di:rid«d  capii*  which  lincs  them  completely  blocks -up  their  orifices, 
80  that  during  fasting  these  appear  aa  slightly- 
prominent  papillffi  I  but  when  the  secretion  of  gastric  fluid  commenc€% 


*  "Mikroskop.  Aufil."  1S60,  p*  S21.  m 

^  Tlia  hm^  aeoounts  of  tho  Btrocture  of  tUe  macoufl  membmiifl  of  the  Ftomaclii  j^nd 

of  ^e  gastiio  glands,  me  given  bj  Mesai^.  Todd  and  Bowinan,  '  *  Fhyslabgioal  An^tomj/* 
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Pio.  15. 


tbis  epithelitmi  is  cAst-forth  by  the  pressure  from  beneath/  The 
Bo-called  lenticukr  or  solitary  gliuwls  are  foimd 
Bcsttered  here  and  there  in  the  Mibatanoe  of  the 
mucous  membmne,  and  present  a  cioee  analogy  to 
those  found  in  the  Bnmll  inteiitlDe.  The  interior 
BUrfacse  of  the  atomach,  thrown  by  contraetion  when 
the  TiacuB  ia  empty  into  irregular  folds  or  rug® 
(Fig,  16  a)|  presents  throughout  tho  gTe!it42T  part 
of  Its  extent,  and  especially  near  the  Pylorus,  aniall 
%^a3cular  processes  or  prolongations  of  the  mucoua 
membrane  (B),f  resembling  the  villi  of  the  email 
intestine,  of  which  they  must  he  considered  as  the 
rudimentary  condition^  but  differing  easentially  from 
them  iu  the  circumatanco  that  they  contain  no 
lacteal  vessiclii.  The  lymphatics  of  the  stomach  are 
stated  by  Teichmaon}  to  form  two  layers,  a  super- 
ficial and  close  network  surrounding  the  ciecal 
extremities  of  the  peptic  glands,  and  a  deeper  layer 
with  larger  meshes  lying  in  the  submucous  areolar 
tissue,  and  separated  from  tlie  first  by  the  thin 
stratum  of  involuntary  muscular  fibre,  deacrilied 
by  Brllcke  as  the  muscular  layer  of  the  mucous 
membrane,  through  which  many  yessels  connecting 
the  two  strata  pass. 

82,  The  nature  and  composition  oi  the  Ga^trtG 
Juice  which  is  secreted  and  poured-forth  by  the 
peptic  follicles,   have   been   the  subjects  of  much  ^  ^^^^  ^,^^, 
discuaaion  among   Chemists;    and  though  certain  SmkriTS! it«'< 
points  may  be  considered  as  satiafactorily   deter-  *^**' 
mined,    there    are  others   which   still  remain  doubtM, — This  liquid^ 
when   obtained   without  admixture  with  saliva,   is  clear,   transparent, 


V>K' 


J  vv:t.%^ 


App«v«t]e»  or  the  lialnff  nMobnne  of  llw  St&ttaeh,  In  tn  injected  pi«i«fiMoii  :-a.  flmm 
the  ^miTei  forlkN  ofth*  nig» .— b,  (hjfflith*  upUrhtKSfii'liood  of  ttie  Rj-kuTUi  where  thoc«lflrrt 
of  the  Butric  rbmde*  occupj  tbe  IntAnp^^t  ofiJbt  dw^^^A  pat^oom  oi  the  tttfcnlu  utworlL 

ToL  it.  pp,  l&O  et  teq.;  by  Pt^f-  KolOker,  •^MikroikopiacheAniittjnue/*  b»»diL  {163  ; 
by  Dr.  Briiitoti,  in  tbe  Supp^  to  tbd  **  Cyc,  Anatomy  imd  Phyiiobgj,**  aad  by  the  mine 
writer  in  the  *'M^.-Chir.  ReT^/rJoly  1862,  p.  189. 

*   "Gftxelte  M6dica^^'  M&r^  1344. 

t  Tkii  fact  wa*  tnt  broogbt  into  promlaeot  notiee  by  Dr.  Ueill,  la  hit  Memiiir  '  On 
tbe  Strarture  of  ih^  MucoQ*  Memtirmne  of  tho  Hiuaaa  Stoaiftch,'  in  the  **  Aroer-  Juam. 
ofMe-L  Scl/'Jan.  1851. 

+  ''DuSimgader  Hjfftem,''  iSfllp  p*  7(1. 
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colourleaa  or  eligLtly  yellow,  and  haa  very  little  viicitlity,  Mi«;rosC(5pic 
examiiKition  indicates  the  persiatance  of  a  few  of  tlie  cells  esciiviated 
from  the  interior  of  the  gaatric  follicles;  but  these  for  the  most 
part  leave  no  other  traces  than  their  nuclei  and  a  tine  molecular  matter 
arising  from  theur  diaintegration.  The  proportion  of  solid  matter  wliich 
the  Gastric  Juice  contains,  and  the  proportitja  which  its  chief  organic 
constituent — the  pepmn^  or  *g",istric  ferment'— bears  to  the  inorganic 
reaidue,  seem  to  vary  greatly  in  different  animals.  The  following  Uble 
ehowa  the  composition  of  the  Gastric  Juice  aa  obtained  from  the  best 
analyses  in  man  and  aome  animals: — -* 
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83.  The  most  characteristic  feature  of  the  Gastric  Juico  ia  its  decided 
aeidiiifj  which  is  very  perceptible  to  the  taste,  and  is  constant  throughout 
the  animal  kingdom*  With  regard  to  the  nature  of  the  acid,  however, 
there  haa  boan  much  discrepancy  of  opinion  amongst  Chemists;  for, 
simple  as  tlie  probleni  of  its  determhiation  might  seem,  yet  it  is  compli- 
cated by  the  very  peculiar  property  which  lactic  acid  poBsesaeSf  of  deconi- 
pofling  tbe  alkdine  chlorides  at  a  certain  eleration  of  temperatnre,  tlie 
degree  being  partly  determined  by  the  strength  of  the  solution.  Hence, 
gappoaing  lactic  acid  to  be  present  in  the  stomach  with  chloride  of  sodium, 
the  iiuid  which  jjasses  over  by  distillation  will  at  first  be  destitute  of 
hydrochloric  acid ;  but,  as  tlie  liquor  becomes  more  concentrated,  and  the 
temperature  rises,  hydrochloric  acid  will  appear.  This,  it  lias  been  alleged 
by  Bernard  and  otlier  Chemists,  ia  the  true  source  of  the  Hydrochloric 
acid  which  may  be  always  obtained  from  the  gastric  juice  by  this  method; 
and  it  ia  affirmed  by  them  that  Lactic  acid  is  the  real  agent  in  the  solvent 
process  to  which  that  lluid  ia  subservient,  the  presence  of  free  lactic  acid 
in  the  stomiich  having  been  determinai  by  otiier  means.  In  like 
manner »  Dr.  F.  G.  8mith|f  on  examining  the  contents  of  the  stnmach 
of  Alexis  St*  Martin,  two-and-a-half  hours  after  a  small  quantity  of 
bread  had  been  eaten,  obtained  evidence  of  the  presence  of  lactic,  and 
of  tlie  absence  of  all  but  the  alightest  trace  of  hydrochloric  acid.  On 
the  other  hand,  the  great  readiness  with  which  hydrochloric   acid  w^aa 

•  V.  Gonip-BcBfttieJ!,  **PhyB,  Chera.,"  1862,  p.  4fl0. 
f  "  Ejtperim,  upon  DigeBtioD/'  Pbiliidelpkm,  1856* 
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obtained  many  yoars  iigo  by    Prof.  Dunglison    from  tha  ptire  gastric 
fluid  drawn  from  the  stoiiiueh  of  Alexis  8l  IMiirtin,  atid  the  lact  tliJit  tUo 
smell  of  hytlrochloric   acid  might  tie  distinctly  recogj^rijaed  In  tJie  fresh 
juicej*  are  strong  evidences  in  favour  of  tiie  belief  that  {im  originally  main- 
tained by  Dr,  Proui)  tree  hydrochJoric  acid  is  present  in  this  iluid,  and 
tbat  it  IB  the  priucifial  if  not  the  only  source  of  its  acidity.     And  an 
opportunity    havinf?    IrKjen    afTordad    to   Dr,    Bence  Jones^   of  obtain- 
ing a  fluid  continually   vomited  in  large  qimntities  from  the  stomach 
d*  a  patient   aflected    with    Sarcina    \*entriculi,    and    this  fluiil,   wliich 
presented  aU   the  ostensible  charact-era    of  Gastric  jnice^  having   been 
pLiced   in    the  hands  of  Prof,    Graham  for    examination,  this  distin- 
guished Chemist  has  succeeded  in  aejianvting  hydrochloric  acid   troni  it 
by  his  fiiethoci  of  ^  liquid  difftiMonf*  which  is  not  open  to  the  objection 
that  applies  to  distillation ;  and  idthongh  he  haa  found  iVee  lactic  acid  t^ 
be  also  present,  its  quantity  is  comparatively  amatlf    Jt  apfKSirn,  tlicii,  to  Im* 
a  reasonable  conclusioni  that  whilst  hyth-ochloric  acid  is  originally  [mured 
forth,  and  is  therefore  the  acid  obtained  by  those  cxperinienterH,  who 
have  employed  mechanical  irritation  to  the  empty  stomach ;  other  acida., 
as  the  lactic,  butyric,  or  even  acetic,  may  be  form©*!  during  ihgestion,  and 
may  thus  have  been  obtained  by  those  who  have  examined  the  con  teats 
of  tJie  stomach  only  during  or  towanls  the  close  of  that  prooeits.     Allow- 
ance must  also  be  made  for  di0erene€*s  exietinp  in  rlifFerent   animals, 
and  perhaps  also  at  d  life  rent  ages,   since    M,    WiL«?mann   has  remarket! 
that  the   pepsin  of  the  st-ornach   of  the  pig  is  entirely  <l€^itute  of  the 
power  to  coagidate  milk,  althongh  the  pepsin  of  the  gbomach  of  the  calf 
posBeaaes  it  in  a  very  high  degree ;   tt-otn  which  he  is  led  to  suppose  that 
the  |jower  of  the  hitter  def»ends  mxin  a  particular  nnxlific^tion  of  pepmn,  or 
perhaf»s  upon  another  suljstsmcc  accomptmying  it,  which  ceases  to  be  ionnetl 
when  tlie  young  animal  Is  no  longer  nourislie<l  by  the  milk  of  its  mother*  J 
84.  The  peculiar  orgaiiic  '  ferment'  of  the  fl^i^tric  juice,  to  which  the 
mwne  of  Ptpauft  has  been  given,  was  first  obtained  in  an  ist>laied  state  by 
Wasmann ;   who  hfm  given  the   following  account  of  the  pn>|>ertieft  and 
reactions  of  that  which  he  procureti  from  the  mucous  mcml*mne  of  the 
stomach  of  the  Pig,  which   gre^itly  rei«>m!4c^  that  of  Man.     Wlion  this 
mcmlinine  is  digested  in  a  large  quantity  of  water  at  from  Hi*^  to  lh>°, 
mimy  other  matters  are  removed  from  it  be^tde^  [lept^in ;   but  if  this  wat^>r 
be  |xitu'ed-off,  and  the  digeition  be  continued  with  fresh  wsiter  in  the  c^ld, 
very  little  but  jiepsin  m  then  taken-up.     Pepsin   apijcarsi  to  be  hut  sjiar- 
ingly  soluble  in  w^atcr ;  when  its  solution  is  evaj>orated  to  dryness^  there 
remains  a  greybh,  viacid  masSf  with  the  odour  of  glue,  an<l  havijig  the 
appearance  of  an  extract     The  solution  of  tliij?  in  water  Is  turbid,  and 
still  possesses  a  portion  of  the  characteristic  f>awer  of  pepsin,  but  greatly  re- 
duced.   When  strong  alcohol  is  added  to  a  fresh  solution  of  pepsin,  tl>e  latter 
ia  precipitated  in  white  flocks,  which  may  bo  collected  on  a  filter, and  produce 

•  See  Prof.  DaagliBon'a  "Human  Phyaiology,"  7tb  edit,  toI.  L  pp.  5Z5-B. 

+  For  his  kaowledge  of  this  fact,  the  Aothof  h  in Jebted  to  Prof.  flrah»tn.— THat 
Hjdroehloric  acid  19  the  EUDTC^of  theikiiiditf  <^f  tUe  gn^lric  jaicc  haa  itlsa  bei?n  malntAlniHl 
liy  Enderlla  (''CtLOStatfn  J&hreftbericht,"  1843,  p.  149),  aad  reoentlj  by  lUibbenet 
r**  Diflquiiitiotias  deSaoeo  Gustrioo."  dim.  inaug*,  0orpat»  1S60),  bj  Bidder  and  Sehmidt 
("  Die  VCTdumjngraa^fto  Dud  der  atoffwec4i»er')|  »fKl  bj  Grueocwildt  nad  8cbrooder  in 
their  Thnefl  just  cited. 

*  Bm  Prof.  Graliiun^fl  *»  Klementa  of  Cliomj^try/*  p|^.  10SM033. 
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a  grey  compact  maaa  when  dried.   Pepsin  enters  into  chemical  combinatfd 
witli  many  acids,  forming  comjioiinds  which  still  redden  litmus  |mper 
imd  it  is  when  thus  imited  with  acetic  and  muriatic  itcida,  that  its  fiolvent 
powera  are  the  gr^test.      The  recent  investigations  of  Briicke  *  appear  to 
prove  that  pepf^in  is  secreted  and  stored-np  in  the  cells  of  the  stomach  in 
the  neutral  state,  and  that  it  is  only  at  the  moment  of  discharge   tliat  it 
becomes  mingled  with  the  acid;  the  origin  of  which  laat,  however,  he  does 
not  attempt  to  exjjlaUi.     He  found  in  the  course  of  his  ejq)eriments,  tha^ 
if  the  attnnacii  of  an  animal  be  tlioroughly  washed  with  water  till  all  tracfl 
of  acidity  is  removed,  a  fre&h  portion  of  pepsin  can  be  obtained  on  further 
maceration,  poaseaaing  a  perfectly  neutral  reaction*     In  his  last  reaearchea 
lie  obtaiiK?d  pure  pepsin   by  digeating  tlie  finely-divided  stomach  with 
illluted  pluTsplioric  acid,  and  precipitating  with  Jime  water,  when  tlie  pep- 
sin fell  strongly  aflherent  to  the  phosphate  of  VtmQ ;  it  \nt9  then  dissolved 
in  diluted  b3^drocliloric  acid,  and  tlie  solution  treated  with  a  solution  of 
choleaterine  ;   the  pepsin  again  fell,  adiiering  to  the  choleaterine,  Irom 
which  it  was  separated  by  ether*      The  pepsin  so  obtained  was  certainly 
not  an  albuminous  substance,  since  it  gave  no  precipitate  with  nitric  acid^ 
corroflive  sublimate^  taonlc  acid,  or  iodine;  though  when  mingled  with  ; 
dilute  saluiion  of  hydrochloric  acid,  it  exerted  active  golvent  powers 
albumen*      These  observations,  which  naturally  suggest  that  the 
gastric  juice  ia  not  secreted  as  a  whole  by  any  one  set  of  glands,  but  i 
the  pepsin  and   hydrochloric   or    lactic  acid  arc  fbrmed  separately,   ii~ 
si ngidarly  corroborated  by  an  experiment  wliich  led  Bernard  f  to  tlie  same 
conch tsioQ,    for   he  injected   sacceesively  lactate  of  iron  and  ferrocy- 
anide   of  potosfflum    into   the    jugiilar    vein    of  a   rabbit,   and   fotmd 
that  on  account  of  the  alkalinity  of  the  blood  and  secretions,  and  of 
the   tissues   generally,   no   blue   discolouration    was   anywhere   percep- 
tible in  them,  though  on  the  addition  of  a  tlrop  of  sulphuric  or  otlier  acid 
to  any  part  of  the  body,  Prussifui  blue  discolouration  was  immediately 
produced.     Now,  on  examining  the  stomach,  the  ^stric  follicles  were 
colourless,   but   the   surface   of  the  mucous  membrane  was  uniformly 
diacoloured^   whence  it  appears  that  the  acid   of  the   gastric  juice   is 
formed,  or  at  least  excreted,  by  the  most  superficial  celhtlar  layers  of  the 
gastric  mucous  membrane, — The  solvent  jiower  of  thfi  gastric  juice  is 
difficult  to  determine,  since  it  diiFers  with  the  animal  and  with  the  nature 
of  the  food*     The  gastric  juice  of  Camivora  is  the  most  active,  then  that 
of  Herbivora*  whilst  that  of  Man  appears  to  be  comparatively  feeble;  and  in 
this  jxiint,  tlierefore,  he  appears  to  be  most  closely  aUied  to  the  Herbivora, 
Lehmann   and    Corviaart    estimated   that   on    tlse   average   20    oz,      " 
the  gastric  juice  of  the   dog   were   reqiured  to    dissolve  1   oz,  of  co 
agulated  albumen;  but  M.   Koopmans|  sli owed  tlmt  whilst  the  stronglji 
acid  gastric  jtiice  of  the  Camivora  was  best  adapted  for  the  solutioi 
of  animal  albumen,  the  weakly  acid  gastric  juice   of  the   Herbivon 
wae  fiw  more  efficacious  in  dissolving  vegetable  albumen  or  gluten*     Iii' 
oomplete  corroboration  of  th esse  results  are  those  of  M*  BrUcke,5  who  ob* 
served  the  quantity  of  fibrin  which  was  dissolved  in  3ialf-an-hour  by  ^ 

*  "  Beitfttgic  auT  Lehro  Toa  tier  Y^rd&nung  8ltx*-B€ne}it  der  K*  Akad  d*  WIbb,  Wiea,*^ 
ISS9,  p.  131  f/  t^,  and  hand  sliii,  1S61,  p.  601, 
t  'Metoua,**  1859»  p.  376^77.  $  "Nederlimd  Lauoet,"  L  v.  ISSe, 

§  *'Sii£an^bencbt(l«r  Wien  Akad*/  1850,  p*  ISl;  ISGI,  p*  601. 
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ion  of  pepsin  with  one-jmrt  of  hjdiocliloric  acid>   He  then  added  to 

'siiec^aBiva  portions  ol'  tLe  pejism  sdution  2,  3,  4,  5,  C^  7^  8,  %  10,  11, 
and  12  parts  of  hydrochloric  acid^  and  found  tliat  to  dissolv©  the  same 
quantity  of  fibrin,  1,  3,  4,  5,  7,  14,  18,  24,  41,  and  102  hours  were 
respectively  require.  If  eiill  more  acid  were  added,  the  solution  ivas 
not  completed  till  after  the  expiration  of  eight  days  or  more.  Hence  it 
apf>ears  that  weakly  acid  gastric  juice  is  tlus  l*est  eolvent  for  fibrin.  In 
other  experimeiits  Briicke  observed  that  whilst  an  artificial  gastric  juice 
c3onUuaing  O'l  per  cent  oxacid  was  the  most  advantageous  for  the  diges- 
timi  of  fibiin,  an  aeid  of  double  that  atrength,  or  Q-2  per  cent,  was 
beat  adipted  to  efibct  the  rapid  solution  of  coogidated  albimien.  From 
these  experimeots  we  may  draw  the  concltision  tliat>  in  enfeebled  condi- 
tions of  the  atomach,  preparations  of  gluten  should  be  administered  instead 
of  the  albujuinous  oompounda  of  animal  origin ;  and  they  may  serve  to 
explain  the  advantage  resulting  from  the  employment  of  uncooked  meat 
in  the  wasting  diseases  of  children, 

85.  It  is  only  when  eitlier  alimentary  or  some  other  substances  capable 
of  eicdting  irritation,  are  present  in  the  stouiijch,  that  the  gastric  juice 
is  f)oured  forth.  So  long  as  it  is  empty,  the  secretion  which  moistens 
its  walls  is  neutral  or  even  alkaline  ;  but  as  eoon  as  food  is  taken,  acid 
is  poured  fortli,  and  this  in  increasing  quantities,  untQ  a  certain  time 
after  the  commencement  of  the  digestive  process,  when  the  acidity  of  the 
stomach  is  at  its  maxinnun*  In  proportion  as  the  alimentary  matter  is 
dissolved,  however,  and  is  either  at  once  absorbed,  or  escapes  tii rough 
the  pyloric  orifice,  the  acidity  of  the  stomach  diminishes ;  and  as  boou 
as  its  cavity  Is  emptied,  the  secretion  of  its  walls  is  neutral  again,*- — It  is 
dJiHcuU  to  give  even  an  approximative  estimate  of  the  quantity  of  iluid 
thus  poured  forth  from  tlie  walls  of  the  stomach.  Any  attempts  to  deter- 
mifie  it  by  calculating  what  would  be  reqwed  to  dissolve  the  whole  of 
the  albuminous  com|50unds  ingested,  are  very  unsatisfiictory ;  since  the 
power  of  dissolving  these  is  i>osseased  by  other  fluids,  rendering  the 
secretion  of  a  much  amaHer  amount  of  gastric  juice  requisite  tlian  would 
otherwise  be  ihe  case.  Corvisart,  from  experiments  on  dogs,f  estimates  it  at 
alxiut  l-20th  of  the  weight  of  the  animal  per  diem ;  Harley4  at  1-1 5th ; 
Lehmann,  at  I- 10th;  wliilst  Grimewaldt  obtained  nearly  |  lb.  avoird, 
from  a  woman  of  116  lbs.  weight,  with  a  gastric  fistula,  in  15  minutes  ;§ 
and  Schmidt  gives  as  the  mean  of  experiments  on  the  same  woman,  580 
grains  hourly,  or  30"8  lbs.  av.  of  gastric  juice  per  diem.| 

86.  A  very  important  series  of  observations  on  the  conditions  under 
which  the  gastric  juice  is  secreted,  was  made  some  years  since  by  Dr. 
Beaumont,  in  tlie  remarkable  case  of  Alexis  St.  Martin,  already  several 
times  referred  to.f  **  The  inner  coat  of  the  stomach  (as  seen  tiirough 
the  fistulous  orifice)  in  its  natural  and  healtliy  state,  is  of  a  light  or  pale 
pink  colour,  varying  in  its  hues,  according  to  its  fidl  or  empty  state, 

^  See  Dr.  Benc«  Joam,  la  *'  Medical  Times,"  Jane  14,  lSfi2. 
t  LongeL  **  Phyfiidogie,*'  1861,  p.  183,  toI,  I 
Z  **Med.-Cliir.  BeTiew/*  IStiO,  p.  211. 
I  Quoted  by  M,  EdwardB,  **  Lemons,  **  U  v\l,  1862,  p.  2L 
J I  **  Anti&L  der  Chemie  Ton  Llebig  uad  W^Vhler,"'  vol,  xcii.  p.  42. 
H  See  Dr,  Beaumoafa  *^Eiperiwieiiti  «Dd  Obterratioaft  oa  the  Gaitric  Joiee  md  the 
Fh;slolog7  of  DigeatioD/^  reprinted  wttb  notes  b^  Dr.  Andrew  Gambe,  Edinb^,  1838. 
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It  is  of  a  Boft  or  velvet- 1 il«c  appeamnce,  and  !a  conRtjintlj  coyered  with  n 
very  thin,  tnuiiparcrit  Yiscxd  mucus,  lining  tlic  whole  interior  of  the 
organ.  By  applying  flllment  or  other  irritants  to  the  internal  coat  of 
the  stomachj  and  obser>''iug  the  efFect  through  a  magnifying  gJiisa^  in- 
nuiiiemble  lucid  jMDjnts,  and  very  fine  [nervoixa  or  vasctilar]  [wipill®  can 
he  seen  arising  from  the  villous  membrane,  and  protruding  tJirougli  the 
iimcous  coat,  from  which  distils  a  pure,  Hnipid,  colourless,  slightly  viand 
Jiuid.**  (Tlie  papillae  here  described  apf^ear  to  be  the  orifices  of  the 
gastric  foHiclea^  which  are  iisfually  cloeed  by  their  epitliebiil  cells  during 
fainting,  and  which  would  seem  to  become  prominent  when  the  vti  a  teryo 
of  the  secretcsd  fliiid  first  causeij  this  plug  of  cells  to  he  cast  forth.)  **  The 
fluid  thus  excited  ia  invariably  dij^tinctJy  acid.  The  mucus  of  tlie 
atomajt^i  h  lews  fiuidj  more  viscitl  or  albuniinouei,  semi-opaquej  ftometitnes 
a  bttle  sidtiahj  and  does  not  possess  the  slightest  character  of  acidity. 
The  gastric  fluid  never  appejirs  to  be  acgiLtnulated  in  the  cavltj^  of  the 
stomach  while  fasting ;  and  ia  seldom,  if  ever,  discharged  from  its  proper 
Beceriiing  vesaela,  except  when  excited  by  the  natural  stimulus  of  aliment, 
mechanical  irritation  of  tubes,  or  other  excitants.  When  aliment  ia 
received,  the  juice  m  given  out  in  exact  profiortion  to  its  requirementa 
for  solution,  except  when  more  food  has  bean  taken  than  la  necessary  for 
the  wanta  of  tlie  system." — The  observationB  of  Dr.  Beaumont  have  lieen 
confirmed  by  those  of  M»  Blondlot*  and  of  M.  Cl.  Bernard,|  ivhich  were 
made  upon  Dogs  in  whose  stomachs  fistulous  openings  were  maintiiine<3 
for  a  length  of  time.  They  found  that  the  flow  of  gastric  fluid  is  mori 
excited  by  pepper,  salt,  and  soluble  stimulants,  than  it  is  by  mechaiaca] 
irritation;  and  that  if  mechanical  irritation  be  carried  beyond  certriiw 
limits,  so  aji  to  produce  pain,  the  secretion,  instead  of  being  more 
abundant,  diminishes  or  ceases  entirely ;  whilst  a  ropy  mucus  is  pourec 
out  in.s^tead^  and  the  movements  of  the  stomach  ore  considerably  increaflcd 
The  animal  at  the  siune  time  appears  ill  at  ease,  is  agitated,  has  nausea 
andf  if  the  irritation  be  continued,  actual  vomitiag ;  and  bile  has  beer 
observed  to  flow  into  the  stomach,  and  escape  by  the  fistulous  opening 
Similar  dis<:»rders  of  ttie  functions  of  the  stomach  result  from  violeni 
pain  in  other  parts  of  the  body ;  the  process  of  digestion  in  such  casei 
being  suspended,  and  sometimes  vomiting  excited.  When  acidulate* 
substances,  as  food  rendered  acid  by  the  addition  of  a  little  vinegar,  wer( 
introduced  into  the  stomach,  the  quantity  of  gastric  fluid  i>oured-out  wa 
much  smaller,  and  the  dij^estive  process  consequently  slower,  than  w*hei 
similar  food,  rendered  alkaline  by  a  weak  solution  of  carbonate  of  soda 
was  introduced.  If^  however,  instead  of  a  weak  solution,  car1>onate  o 
soda  in  crystal  or  in  powder  was  introduced  into  the  stomach,  a  larg 
quantity  of  mucus  and  bile,  instead  of  gastric  fluid,  flowed  into  th^ 
stomach ;  and  vomiting  and  purging  very  oflen  followed.  Wben  ver 
cold  water,  or  small  pieces  of  ice,  were  introduced  into  the  stomach,  th 
nmcous  membrane  was  at  first  rendereti  very  pallid  ;  but  sotin  a  kind  c 
reaction  followed,  tlie  membrane  became  turgid  with  blood,  and  a  larg 
quantity  of  gastric  fluid  was  secreted.  If,  however,  too  much  ice  wa 
employed,  the  aninial  appeared  ill,  and  shivered ;  and  thgestion,  Instea 
of  being  rendered  more  active,  was  retarded.     Moderate  heat,  applied  • 

•  **  Tmit€  ADaljtiqne  de  Ia  Dige«tioo." 

f  *'Ar<^tr.  d'An&t.  Q^n.  et  de  Pbj&iol,"  Sab,  18iS. 
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the  muooufl  eurfiiue  ot'  tlie  stomach,  appeared  to  have  no  jiarticubij' 
action  on  digestion;  bnt  n  high  degree  of  hesit  produced  moat  serious 
consecjuences.  Thus  die  introduction  of  3  httlc  boiling  water  threw  the 
animal  at  once  into  a  kind  of  adynamic  state,  which  vras  followed  by 
death  in  tliroe  or  four  Lours ;  the  mucous  membrane  of  the  ston^ach  wiw* 
found  red  and  swollen,  whilst  an  abundant  exudatioa  of  Ijlackisii  blood 
Iwid  taken  place  into  Uio  cavity  of  the  origan.  Similar  iiyurious  eiKjcts 
residtetlj  in  a  greater  or  leea  degree,  from  the  introduction  of  other 
irritants,  eudi  as  nitrate  of  silver  or  ammonia ;  the  dig^tive  functions 
beittg  at  once  alx^listiedf  and  the  mucous  suriace  of  the  organ  rendered 
highly  sensitive, 

87.  That  the  qimntity  of  the  Gastric  Juice  Becreted  from  the  walls  of 
the  stoma*:h  dejienda  rather  upon  the  general  re^iuiremeuti  of  the  syBtcra, 
than  upon  the  quantity  of  food  introduced  into  tlie  digestive  cavity ,  is  a 
]>rinciple  of  the  highest  practical  importance,  and  caimot  lie  too  steadiJy 
kept  in  view  in  Dietetics.  A  dejinite  proportion  only  of  ah  men  t  can  be 
J  Perfectly  digestctl  in  a  given  quantity  of  liie  lluid;  the  action  of  which, 
like  other  chexriical  operations,  ceases  aHer  having  been  exercised  on  a 
fixed  and  definite  aiuount  of  matter.  **  Wlien  the  jnice  has  become 
SJituratedj  it  refttses  to  dissolve  more ;  and,  if  an  excess  of  Ibod  has  been 
taken,  the  residue  remains  in  the  stomach,  or  piEaes  into  the  bowels  in  a 
crude  state,  and  becomes  a  source  of  nervous  irritation,  pain,  and  disease, 
for  a  long  time."  The  unfavourable  efiect  of  an  undue  burthen  of  food 
upon  the  Stomach  itself,  interieres  with  Its  healthy  action  ;  and  thus  tlie 
quantity  retiUy  appropriate  is  not  dissolved.  The  febrile  distiurhance  is 
thus  increased;  and  tlie  mucous  membrane  of  the  stomach  exliibits 
evident  iudicalions  of  its  morbid  condition.  The  description  of  tlieae 
indications  given  by  Dr.  Beaiunout,  is  peculiarly  grupliic,  as  well  as 
hygienical ly  important,  "  In  disease,  or  partial  derangement  of  the 
healthy  fiinction,  the  mucous  membrane  presents  various  and  essentially 
ditftiront  apjxiaranceH.  In  ibbrile  conditions  of  tlie  sj^stem,  occasioned  by 
whatever  cause, — obstruct-ed  perspiration,  undue  excitement  by  stimu- 
lating liquors,  overloading  the  stomach  with  food,  fear,  anger*  or  whatever 
depresses  or  disturbs  tlie  nervous  system, — the  villous  coat  becomes  some- 
times red  and  dry,  at  other  times  pale  and  raoist,  and  loses  its  smootli 
and  healtliy  apj>earance^  the  secretions  become  vitiated^  greatly  dimi- 
nished, or  even  suppressed ;  the  coat  of  mucus  scarcely  perceptible,  the 
follicles  fiat  and  iiaccid,  with  set^^tions  inaufhcient  to  prevent  the  jjapillse 
from  irriUition,  There  are  sometimes  found,  on  the  internal  coat  of  tlie 
stomach,  eruptions  of  deep-red  pimples,  not  numerous,  but  distributed 
here  and  there  u]ion  the  villous  membrane,  rising  above  the  sxu-fkce  of  the 
mucous  coat.  These  arc  at  first  sharp-jiointed,  and  red,  but  frequently 
iHiK^ome  tilled  with  white  purulent  matter.  At  other  times,  irregular, 
circumscribed  red  patches,  varying  in  size  and  extent  from  half  an  incli 
to  an  inch  and  a  half  in  circimiference,  are  found  on  the  internal  coat. 
These  appear  to  l^e  the  effects  of  congestion  in  tlie  minute  blood-vessels 
of  the  stomach*  There  are  nl?^  seen  at  times  aniall  aphthous  crusts,  in 
connection  with  these  ret!  piitche^*  Abrasion  of  Uie  lining  membrane, 
like  the  rolhng-up  of  the  mucous  coat  into  amidl  sljreds  or  strings,  leaving 
the  papiilfiD  l>are  for  an  indefinite  Sfiacc,  is  not  tm  uncomnujii  appearance. 
These  diseased  ap|>earauces,  when  very  slight,  do  not  id  ways  aflect  eaaen- 
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tially  the  ga^C  apparatca,  Wlien  c^:>nflicleml>le,  and  panieulfirly  wb 
there  are  corresponding  Byinptonis  of  discaaet — ns  dryness  of  the  moiil 
thiret,  a<?cclenited  pldse,  &c, — ito  ffamtrk  juice  ctin  be  eoctrm'tt^d  %  the 
ulimtjitanf  stmmlus.  Drmka  are  inimediately  absorbed  or  otlienA^iae 
disiHJsed-of ;  but  food  tfiken  in  tljis  condition  of  tlie  Btoniadi  remaini 
undigested  ibr  twenty-fonr  or  forty-eight  lioitra,  or  niore^  increa^ng 
the  derangement  of  the  alimentary  canal,  and  aggravating  the  general 
Byniptoma  of  disease,  AAer  excessive  eating  or  drinking,  cb^Tniticatioii 
IS  retarded  ;  and,  tiiough  the  appetite  be  not  always  impaired  at  first,  the 
HiiidB  become  acrid  and  sft^arp,  excoriating  th^  edges  of  the  a|3ertur^^  and 
almost  invariably  producing  aplithoim  j)at<ihes  and  the  other  indicatioua  of 
a  diaeaaed  state  of  the  internal  menibrane.  Vitiated  bile  is  alao  found 
in  the  storaach  under  these  circunifltanecs,  and  ilocculi  of  mucus  are  mom 
abundant  than  in  heidth.  Wlienever  this  morbid  condition  of  tlio 
stomach  occurs,  with  the  usual  accom^janying  ^niptoms  of  diseaae,  thefre 
is  generally  a  corresponding  appearance  of  the  l»nguG.  Wlien  a  healthy* 
stsite  oi'  the  stomach  is  restored^  the  tongue  invariably  becomes  clean*"* 
The  Tenifierature  of  the  Stomach  rises  with  the  increase  of  vascular  and 
secretory  activity  which  takes  place  during  digestion.  Dr.  F.  &>mith  ibun€ 
the  ordinary  tcmprature  of  St.  Martin's  stomach  while  fasting  to  b& 
$tJ^-91l*  Fahr.,  whilst  during  digestion  it  rose  to  lOO'^-K^r  Fahr.f 

SH.  That  the  secretion  of  Gaartric  Juice  is  affected  in  a  very  marked 
manner  by  conditions  of  the  Nervous  system,  is  indicated  by  the  effect  of 
mental  emotions  in  putting  an  immediate  stop  to  the  digestive  proci 
when  it  is  going-on  with  fiill  vigonr.  It  does  not  appear  to  be  exaci 
determined  by  wliat  eJmnnel  such  inJlnence  Is  conveyed,  Ex|>erimen1 
which  have  been  made  upon  ajiimab  with  a  view  of  ascertaining  th« 
share  which  the  nervous  inAuence  conveyed  by  the  Pneiimt^astrica  takes 
in  digestion  J  have,  from  inattention  to  imporUint  points,  led  to  strangely 
contradictory  results  iu  the  hands  of  different  ex|)erim enters.  Benuml, 
with  many  others,  considers  that  divisioti  of  these  nerves  instantnnectiiBly 
checks  the  elaboration  of  the  gastric  ilnid»  and  dierefore  puts  a  stop  Uj 
digestion ;  and  he  points  to  the  paJlor  and  Haccidity  of  the  stomach  which 
immediately  succeed  the  operation,  the  sliglit  and  su|jertieial  digestion 
t)f  the  aOmentary  mass  which  takes  place,  and  to  the  additional  circum- 

*  Dr.  A*  ComWA  cotnmvDt&rj  on  the  above  pftuoge  h  ^<x>  ftppo&lte  to  be  nmiit«d. 
**  Many  p<^rp>na  who  obvionslj  live  too  freely,  protest  agninst  the  fact,  becauee  they  f«^el 
00  imiuettinte  incouTeiiience,  either  from  Uie  ipnutity  of  foud,  iirtheatimalAiite  m  whidt 
thej  haLutuAtly  todulge  ;  or,  ia  other  wutchti  beouose  they  oxptirieotie  no  p&is,  eJcknie^St 
cr  £e&dAdie, — oothiag,  perhapi^  exeept  dight  fulne^ai^d  oppreeeioD,  which  aooD  gu  oJiV 
Ubwrvalioa  ejit^aded  over  a  fitifBcient  length  of  time,  howeviar,  BhowaihattiiecoDcIusioQ 
drawn  is  entirely  fallaeioufSj  and  that  the  real  nniouiit  af  Injury  t»  not  felt  &t  the  moineat^H 
merely  because^  for  a.  wist  purpt^ae,  nature  has  deprived  uk  of  any  eoiUKjioiumess  of  eithij^| 
the  exLsiencft  or  the  state  of  the  itomach  do  Hug  health.  In  aocordaiiee  with  lhtS|  D^^ 
Eeaumodt'e  ^porimeot^  prove,  that  exteosive  eryUiernaUfi  inflaiinnation  of  the  mnoona 
CfMt  ii(  the  Btamaeb  w&&  of  friequent  occurreace  io  Rt.  Martin  a/ler  excesseii  in  eating, 
ftad  cwpeciany  in  drinking,  eren  whmi  no  marked  general  sjiuptoia  w&a  pre«oni  U* 
uidltiate  its  exivtenoe.  Opcaalonaltj,  febrile  heat^  n&ujwa,  beaciacbef  and  thirst  wtrre 
complained  of,  but  n*it  alwayn.  Had  St.  Martin's  etoroacb,  wid  its  inflamed  patches, 
not  been  vkibki  Uf  the  eyet,  be  too  might  have  pleaded  that  bin  temporary  ej(eeaae«  dJd 
bim  no  barm  ;  but,  when  they  presented  tbeu^aelvoa  in  sntsb  kgibie  chiiraeter»i  that  Dr. 
Beaumont  could  not  musss  seeing  tlieruj  ar^ment  and  supposition  veris  at  an  t:nd,  and 
the  bmad  fact  could  not  be  deniod/* 
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that  in  the  rabbit  iliere  U  a  suddeti  cbmige  in  the  reaction  of  tbe 
urine  from  alkaline  to  acid,  the  latter  being  tlie  normal  condition  in  tlie 
fasting  state^  and  therefore  showing  that  all  action  on  tho  food  must  havo 
stopped,*  He  further  obaerves,  that  on  galvanijdDg  the  pneuniogastrics 
an  abnridant  flow  of  gastric  juice  takes  pla^.f  Longet,  however^  main- 
taini^  that  diviaion  of  the  pneiiniogastrica  operate  rather  in  paralyzing 
the  muscular  movements  of  the  stonmch  than  in  stopping  the  secretion 
of  the  gastric  juice;  for  he  states  that  if  a  small  quantity  of 
milk  were  given  to  the  animal  24  or  even  48  hours  after  the  section, 
and  when,  therefore,  there  could  be  no  gsntric  juice  remaining  in 
the  stomach,  it  was  invariably  clotted  after  death,  or  upon  making 
the  ammal  vomit;  and  small  quantities  of  mejit  or  other  food  were 
digested  readily  enough,  though  large  luassca  were  only  suj>eriicialJy 
digested,  because,  the  nauscular  power  of  the  stomach  being  para- 
lyzed, tlie  fooil  was  not  properly  intermingled  with  the  gastric  juic#*  Dr* 
Jolin  Ueid  §  showed 'long  ago  that;  in  Bonte  instancea  at  least,  a  re-estab- 
lish ment  of  the  digestive  power  manifested  itself  after  an  interval  of  some 
days,  if  the  animals  siurvivetl  the  eflTect  of  tlic  operatioa.  In  the  animals 
which  dietl  within  the  Jirst  four  or  five  days,  no  indicatioii  of  this  restora- 
tion could  be  discovered  by  Dr,  R. ;  in  those  which  iurvived  longer, 
great  emaciation  took  place ;  but  when  life  was  sufficiently  prolonged,  il»e 
power  of  ossimilatiou  seemed  almost  oimpletely  restored.  This  was  the 
case  in  fotir  out  of  the  seventeen  dogs  experimented -on ;  and  the  evidence 
of  diis  restoration  consisted  in  the  recovery  of  flesh  and  blood  by  the 
auinialflj  the  vomiting  of  half-digeated  food  permanently  reddening  litmus 
paj*er,  the  disappearance  of  a  considerable  tjuantity  of  alimentary  matter 
from  the  intestinal  canal^  and  the  existence  of  chyle  in  the  loctOils.  So 
also  more  recently  Budge  |  states,  that  after  careful  division  of  the  vagi 
at  the  oesophageal  opening  in  rabbits,  he  observ^ed  that  the  animals  ate 
as  freely,  secreted  as  good  gastric  juice,  and  digested  as  nnturally  as 
held  thy  ones;  and  hy  carefiil  tending  he  was  enabled  to  keep  them 
alive  for  months.  He  attributea  the  serions  effects  which  occur  in 
many  Lnstanoea  after  iection  of  the  pneumogastrica  in  the  neck,  to 
the  injury  inflicted  on  the  pulmonary  branches,  and  to  the  consequent 
disturbance  of  the  respiration,  which  necessarily  affecte  all  the  otlier 
functions,— The  observations  and  experiments  of  Sedillot  and  SchiifH 
fully  corroborate  Iionget's  conclusion,  tliat  the  pneumogastrics  are 
chiefty  the  motor  nerves  of  tJic  stomach.  It  may  serve  to  account 
in  Bome  degree  for  tlie  contrary  results  obtained  by  other  experi- 
menters, to  state  tliat  seven  out  of  Dr.  R.^s  seventeen  exf>eriincnta 
were  performed,  beJbre  he  obtained  any  evidence  of  digestion  after 
the  ojHiration,  and  tliat  the  four  which  furrdahed  this  followed  one  another 
almost  in  succ^siou  \  m  that  it  is  easy  to  understand  why  those  who 
were  satisfied  with  a  smaU  number  of  exj>eriments,  should  have  been  lad 

•  Bernard,  •*  Lc^fmi,"  l&ft9,  vol  ii  p-  81. 

t  '*Metl,  T.  &Dd  Oa^ette,^*  vul.  ii,  1860.     t  "Phjaologie,"  vol  t  p.  SSC-T,  X861. 

%  **  Kdinb.  Med.  and  Surg,  Jotira.,"  April,  1839  ;  ttud  **  Pbjsialn^c*!^  AafclomicaJ, 
fcisd  Pmlnjlogic*!  Keaearchet,"  ciuk  v.— Dr.  Reid'i  rejnitt«  hnvq  been  wafirnicd  as  to 
IhiB  importatit  jHirticiilftr  by  Hubbeaet  (Op.  ciU)  wid  more  reoeallj  bj  Biddur  wid 
Scbuudt,  "111.  Med.  Zeitae^,"  1S52,  keR  rm.  p.  IISL 

Ii  '*Fbjaiol*>gie;'  p,  175,  1862.  f  '*Pli^6k>i^*  f.  421»  18tU 
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to  deny  it  altog^then  The  inquiries  whidi  have  been  made  in  reference 
to  the  actiijn  of  the  ajinpathetic  upon  the  Becretion  of  the  gastric  juice, 
are,  owing  to  the  ditficiiltieB  wliich  attend  experiments  njK>n  t!iis 
point,  comparatively  few,  Dondera*  ii  inclined  to  think  that  the 
secretion  is  in  eome  measure  under  the  eontrol  of  the  sjmjiatLetic, 
which  is  flo  lurgely  distributed  to  the  stomach,  and  especially  to 
its  vessels,  and  refers  to  the  expeTLmenta  of  Pincus,  who  endea- 
voured to  ahow  that  section  of  the  pneiimogastrica  had  little  inilu- 
ence,  unless  made  at  the  ct^aophageal  torHmeii,  when  the  symftathetic 
branches  were  also  divided  ;  the  stoppage  of  the  secretion  was  then  ob- 
served to  be  complete  and  perfect.  But  we  have  already  seen  that  this 
IS  not  the  result  of  the  experiments  of  Bttdge,  and^  indeed^  the  latter 
observer  has  extirpated  the  cceliae  and  meseraic  ganglia^  as  well  as 
divided  tlie  pneumogastrieS|  and  still  foimd  (witli  one  exception)  that 
after  the  lapse  of  nine  hours  the  stomach  gave  an  acid  reaction ;  and 
thcHC  residta  are  fully  corroborated  by  Iiavii»ch,  wiio  found  that  section  of 
the  vagi  at  the  oesophageal  openings  involving  section  of  the  ^j-^tn pathetic,!' 
bad  httle  or  no  inHuence  upon  eitlier  the  secretion  of  the  gastric  juice 
or  the  absorption  of  the  chyme,  though  the  latter  may  be  somewhat  pro- 
longed; and  by  Bchlff*  who  divided  the  splanchnic  nerves  witliout  effect. 
Very  recently,  also,  Adrian  |  ha^s  only  obtained  negative  results  as  rc^^irda 
the  gastric  secretion  alter  extiqjation  of  the  CVjeliac  Plexus,  which  he 
ajjpeiirs  to  have  accomplished  with  great  dexterity,  as  the  animals  lived 
for  months  afler  the  o]jeration.  Bernard,  however,  states  §  that  on  galva- 
nizing tlie  sympathetic  nerves  distributed  to  the  stomachy  a  sudden 
arrest  of*  the  secretion  occnrred, 

H\k  It  must  bo  held  as  demonstrated  by  these  experiments,  then,  that 
all  the  arguments  which  have  been  drawn  from  the  effects  of  lesion  of  tlie 
Pneiimogiistric  and  8ym|jiathetic  nerves  upon  tlic  innctions  of  the  Stomach, 
in  favour  of  the  doctrine  that  Secretion  depends  upon  Nervous  agency 
must  be  set  aside*  That  these  nerves  have  an  iniporUint  infiuenee  on  the 
gastric  secretion,  is  evident  from  the  deficiency  in  its  amotmt  soon  after 
their  section,  as  well  as  from  otlier  facts.  But  this  is  a  very  different 
p rofMisit ion  from  thfit  just  all uded-to  ;  and  the  difference  has  been  very 
happily  illustrated  by  Dr.  Keid,  "The  movements  of  a  horse,"  he 
obBervea,  *^  are  independent  of  the  rider  on  his  biick, — in  other  words,  the 
rider  doe^  not  fiirnish  the  conditions  necessary  for  the  movements  of  the 
horse ; — but  every  one  knows  how  much  tli^e  movements  may  be 
InflueTiced  by  the  hand  and  heel  of  the  rider." 

DO.  Our  knowledge  of  the  nature  of  the  process  of  Gastric  Dif^eattB 
has  been  greatly  advanced  hy  recent  inquiries ;  and  we  are  noiv  in  a  con^ 
dition  to  state  with  considerable  precision  what  it  is,  and  what  it  is  not^ 
the  province  of  the  gastric  juioe  to  effect, — There  can  no  longer  be  any 
doubt^  tJiat  tlio  o|>eration  is  one  eaeientially  of  ehem tea f  Rolutitm  ;  and  that 
the  vitfff  attributes  of  the  Stomach  are  ordy  exerciseil  in  the  prejmi-ation 
of  the  solvent,  anr2  in  the  ]ierformance  of  those  movements  which  pro- 
mote itrt  nctiou  on  tljc  alinientjiry  matters  submitted  to  it.  The  first 
Biries  of  facta  which  cleorlv  demoustrated  this  position^  were  those  that 

'  **Phyf*.,^  1S69,  vol  L  p.*225).  t  '*  Aliilkrtt  Arcliiv,"  18til,  p,  779, 

Z  Beklipd,  **Beitnlge,"  UnU  iii.  lStS2.       g  "Metl  T.  and  Uiuette,"  1860,  t^  " 
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reaulted  fitrtn  the  very  paixis-taking  observations  made  by  Dr,  Beaumont, 
in  tLe  taiae  of  8t.  Martin  already  referred-to.  By  introducing  a  tube  of 
india-rubber  into  the  empty  Stomach,  I>r,  B,  waa  able  to  obtain  a  supply 

.of  gastric  juice  whenever  ho  desired  it^  the  tube  serving  tJie  purpose  of 

'  Btimulatiiig  the  follicles  to  pour-forth  their  secretion,  and  at  die  fame 
time  conveying  it  away  ;  and  witli  the  fluid  thua  obtained,  he  was  able  to 
make  various  experimenta,  which  showed  that  the  change  which  it  effects 
upon  alinientaiy  matter,  when  it  is  kept  at  a  temperature  of  dH"^  or  100% 
and  frequently  agitated,  is  not  less  complete  than  that  which  take^  pkc6 

)  when  the  same  matter  is  submitted  to  its  operation  within  the  stomach, 
but  requires  a  longer  time.  This  is  readily  accounted -for  when  wo 
remember,  that  no  ordinary  agitation  can  produce  the  same  effect  wiUi 
the  curious  movements  of  the  stomach  \  and  that  the  continual  removal, 
from  its  cavity,  of  the  matter  which  has  been  already  dissolved,  must  aid 
the  operation  of  the  solTeiit  on  tlje  remainder.  The  following  is  one  out 
of  inajiy  experimente  detailed  by  Dr.  Beaumont  "At  11|  o*clockj  a.m., 
after  having  kept  the  iad  (listing  for  17  hours,  I  introduced  a  gum-eiaetic 
tube,  and  drew  off  one  ounce  of  pure  gaatric  liquor,  unmixed  with  any 
other  matter,  except  a  small  proportion  of  mucus,  into  a  three-ounce  vial, 
I  then  took  a  solid  piece  of  boiled  recently-salted  beef,  weighing  three 

[drachms,  and  put  it  into  the  liquor  in  the  vial ;  corked  the  vial  tight, 
and  placed  it  in  a  saucepan  filled  with  water,  raised  to  the  temperature 
of  lUO^,  and  kept  at  that  point  on  a  nicely -regulated  sand-bath,  In/ort^ 
minutesj  digestion  had  distinctly  commenced  over  the  surface  of  the  meat. 
In  Jrjh/  minutes,  the  fluid  had  become  quite  opaque  and  cloudy  j  the 
external  texture  liegan  to  separate  and  become  loose.  In  siar///  minutes, 
chyujc  Ij^an  to  form*  At  1  oVlockT  P-M,,  (digestion  having  progressed 
with  the  same  regularity  a^  in  the  last  half*hour),  the  cellular  texture 
seemed  to  be  entirely  destroyed,  leaving  the  muscuhir  fibres  loose  and 

p  unconnected,  Hoating  about  in  line  small  shreds,  very  tender  and  soil, 

'  At  3  o'clock,  the  muscular  fibres  had  diminished  one-half,  since  the  last 
examination.  At  li  o'clock,  they  were  nearly  all  digested ;  a  few  fibres 
only  remaining.  At  7  o'clock,  the  muscular  texture  was  completely 
broken  down,  and  only  a  few  of  die  small  fibres  could  be  seen  floating  in 
the  fluid.  At  9  o^clock,  every  part  of  the  meat  was  completely  digested* 
The  gnstric  juice,  when  taken  from  the  stomach,  was  as  clear  and  trans- 
parent as  water.  The  mixtttre  in  the  vial  was  now  about  the  colour  of 
whey.  After  standing  at  rest  a  few  minutes^  a  fine  sediment  of  the  colour 
of  the  meat  subsided  to  the  bottom  of  the  vial. — A  piece  of  beef,  exactly 
simUar  to  that  placed  in  tlie  vial,  was  introduced  into  the  stomach, 
through  tl>e  aperture,  at  ilie  same  time.  At  12  o'clock  it  was  withdrawn, 
&nd  foiuid  to  tie  as  little  aifected  by  digestion  as  that  in  the  vial ;  there 
was  liltle  or  no  difference  in  their  appearance.  It  was  returned  to  the 
Btomach  ;  and,  on  the  string  being  drawn  out  at  1  o^clock,  p*n.,  the  meat 
found  to  lie  all  completely  digested  and  gone.  The  effect  of  the 
ric  juice  on  the  piece  of  meat  suspended  in  the  stomach,  was  exactly 
to  that  in  the  vial,  only  more  rapid  atler  the  first  half-hour,  and 

r«ooner  completed.  Digestion  commenced  on,  mid  was  confined  to,  the 
surface  entirely  in  botli  situations.  Agitotion  accelerated  the  solution  in 
the  vial  I  by  removing  the  coat  that  waa  digestc-d  on  the  surface^  envelop- 
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ing  the  retnainder  of  the  meat  in  die  gastric  fluidj  and  giving  this  fluid 
access  to  the  undigegted  portions-"*  Mirny  variittions  were  made  in  other 
experiments ;  some  of  which  striking! j  displayed  the  efTects  of  tliorough 
mastication^  in  aiding  both  natural  and  artiticiaL  digestion.  ^^m 

91 .  The  attempt  was  made  by  Dr.  Beanmont,  to  determine  the  rela^H 
tive  digestibility  of  difierent  articles  of  diet,  by  observing  the  lengtli  o^t 
time  requisite  for  their  solution. f  But,  as  he  himself  points-out,  the 
rapidity  of  digestion  varies  so  greatly,  according  to  the  quantity  ejiten^ 
the  nature  and  amount  of  the  prerious  exerciaej  the  interval  since  the 
preceding  meal,  the  stjite  of  health,  the  condition  of  the  mind,  and  the 
nature  of  the  weatlier,  that  a  much  more  extended  inquiry  would  he 
i>ecesatiry  to  arrive  at  results  to  be  depended -on.  Sonie  important  infer- 
ences of  a  general  character,  however,  may  be  drawn  from  his  reaearclies. 
— It  seems  to  be  a  general  rule,  that  the  flesh  of  wHd  animals  is  more 
easy  of  digestion  than  that  of  the  domesticated  races  which  approach  them 
most  nearly.  This  may,  perhaps,  be  partly  attributed  to  the  BnialJ 
quantity  of  fatty  matter  that  is  mixed-tip  with  the  flesh  of  the  former, 
whilst  that  of  the  latter  is  largely  pervaded  by  it.  For  it  appears  from 
Dr.  B/s  experimenta,  tiiat  tlie  presence  in  the  stoinacli  of  any  substance 
w^hich  is  difficult  of  digestion,  interferes  witli  tlie  solution  of  food  that 
would  otherwise  be  soon  reduced.  It  seems  that,  on  the  whole,  Beef  is 
more  speedily  reduced  than  Mutton,  and  Mutton  sooner  than  eitlier  Veal 
or  Pork.  Fowls  are  far  from  possessing  the  digestibility  that  is  ordinarily 
imputed  to  them ;  but  Turkey  is,  of  all  kinds  of  flesh  except  Venison, 
the  most  soluble, — Dr.  Beauniont^s  experiments  further  sliow,  that  bulk 
is  as  necessary  for  healtliy  digestion,  as  the  presene>e  of  the  uutrietil 
principle  itself.  This  fact  has  been  long  known  by  experience  to  im- 
civilised  nations.  The  Kamschatdales,  tor  example,  are  in  the  habit  of 
mixing  earth  or  saw- dust  with  tlie  train-oil  on  which  alone  they  are 
frequently  reduced  to  live.  The  Veddahs  or  wild  himters  of  Ceylon,  on 
the  same  principle,  mingle  the  pounded  fibres  of  soft  and  decayed  wood 
witli  tiie  honey  on  wliich  they  feed  when  meat  is  not  to  be  had ;  and  on 
one  of  tiiem  being  asked  the  reason  of  the  practice,  he  replied,  ^^  I  cannot 
teO  you,  but  I  know  that  the  beUy  must  be  filled."  It  is  fiu^her  ^Knvn 
by  Dr.  B.,  that  soups  and  fluid  diet  are  not  more  readily  chymifled  than 
solid  ahment,  and  are  not  alone  flt  for  tlie  support  of  the  system  ;  and 
this,  also,  is  conformable  to  the  well-known  results  of  experience ;  for  a 
dysj^eptic  patient  will  frequently  reject  chicken-broth,  when  he  can  retfiin 
solid  food  or  a  richer  soup,^ — l>r,  Beaumont  also  ascertained,  that  moderate 
exercise  faclhtiitcs  tligestion,  though  severe  and  fatiguing  exercise  retards 
it.  If  even  moderate  exercise  be  taken  immediattl^  after  a  fuH  meal, 
however,  it  is  prolmbly  rather  injurious  than  beneficial ;  but  if  an  hour 
be  permitted  to  ela])se,  or  if  the  quantity  of  food  taken  have  been  small, 
it  is  of  decided  benefit.     The  influence  of  temperature  on  the  process  of 


*  fixpenm^to  2  and  %  of  First  Seri«ft. 

^  It  is  importjiknt  &i>  bear  iu  tnisd,  that  the  dlgwtibilltf  of  djfereat  siibatanoesi 
no  reltttiGia  to  tb^ir  sutrieut  valu^^  which  vn  entircl;  depoadetit  ntu  tkoir  chemii!^  coiu- 
poaition.  Of  courHe,  however  nutntiouii  a  sDbataace  inBj  be,  it  la  valueleas  ob  ru  iirticle 
of  diet  if  It  Cftnnot  be  diftaolv^jd  ;  butj  on  the  other  hftnd,  oubstancea  whieh  arc  Tory 
eA«Uy  dij^ifist^d  (^eh  as  fiiriiiactsoaii  luutt^TB)  may  bare  a  low  nutritive  volue^  througb 
cotitaiaiug  but  a  vij:fy  aimdl  pruporLioti  of  &:t^tix@d  cunstiiuimtc* 
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eolutioQ,  IB  remarkably  shown  in  some  of  Dr.  B.'s  experiracBta,  He 
found  that  the  gsislric  juice  had  a<^iroely  any  influence  on  the  food  sub- 
mitted to  it,  when  the  bottle  was  exposed  to  the  cold  air,  instead  of  l:»eing 
^  Jcept  at  a  temperature  of  100'.  He  obeervetl  on  one  occasion,  that  the 
injection  of  a  single  gill  of  water  at  50"^  into  the  stomach,  siifiicod  to  lower 
its  t©mi>erature  upwards  of  S(f ;  and  that  its  natural  heat  was  not 
restored  for  more  than  lialf  an  hour.  Hence  the  practice  of  eating  ice 
after  dinner,  or  even  of  drinking  largely  of  cold  fluids,  is  very  prejudicial 
to  digestion. . 

02.  It  is  fej  from  being  trne,  however,  that  (according  to  tJie  older 
views  of  its  power)  the  Gastric  juice  is  capiible  of  actbig  upon  ail  the 
nutritive  comftonents  of  the  food.  The  mistake  probal>ly  arose  from  the 
wducHim  to  which  these  matters  are  subjected  in  digestion,  tlie  aHmentury 
bolus  being  completely  dieintegnited,  and  its  |>artie!c3  saturated  with  the 
Huids  of  the  stomach,  bo  that  the  whole  forms  a  homogeneous  liquid  of 
pultaoeous  consistence,  to  which  the  name  of  clupnt  is  given.  This  chyme 
wiU,  of  course,  vary  greatly  in  its  composition,  accoi3ing  to  tlie  projior- 
tion  of  the  different  alimentary  substances  that  have  entered  into  the 
composition  of  tJje  food ;  and  ita  apfiearance,  also,  is  far  from  imiform, 
being  aometimea  like  gruel,  but  sometimes  more  creamy,  always,  howevefj 
having  a  strong  acid  reaction. — All  tlie  more  recent  and  accurate  experi- 
ments of  those  who  have  studied  the  chemistry  of  digestion,  lead  to  the 
conclusion,  tliat  tlie  solvent  powers  of  the  Gastria  juioa  are  entirely 
limited  to  nzQtktd  substances;  and  that  it  exerts  no  action  whatever, 
upon  either  starchy,  saccharine,  or  oleaginous  matters*'  Although  the 
change  in  the  starchy  particles,  which  commences  in  the  mouth,  is  usually 
continued  in  the  stomach,  yet  its  continuance  is  ontireiy  dependent  upon 
the  pfiesenoe  of  the  salivary  iluid ;  being  completely  checked,  when,  hy 
tying  the  (Esophagus,  that  fluid  is  prevented  from  passing  into  the 
stomadi.f  Saccliarine  matters,  being  readily  soluble  in  water,  do  not 
require  the  agency  of  ^e  gastric  fluid  lor  any  other  purpose  than  the 
solution  of  their  investments,  whereby  they  are  set  free ;  and  it  docs  not 
ap|3ear  that  it  exerts  any  converting  power  upon  them.  So,  again,  Oleagi- 
1  ftoua  matters  are  merely  liquefied  and  rcjduced  to  a  state  of  fine  division,  and 
rare  diffused  in  a  state  of  susjiension  through  the  pulpy  chyme*  Accord- 
fdng  to  the  researches  of  Meissner  and  others|  the  solution  contains  two 
new  substances,  Peptone  and  Para  peptone,  whatever  may  have  been  the 
albuminons  comi>oimd  originally  introduced  into  the  stomach.  Neither 
of  tliese  two  new  compountis,  into  which  the  Albumen,  Syntonin,  Fibrin^ 
or  Gluten  have  been  divided,  are  precipitable  by  heat;  fi*om  whicli  it  is 


*  For  although  in  Dr.  Smith'^  experimeuti  <m  Alex.  St.  tfartln  {Uc*  cit,)  Gljcoee  vaa 
foond  in  the  coDteDta  of  tbe  strwnach,  wbtn  hrm^l  nad  wnter  were  ictroduoed  thpangh 
the  dstuTaos  orific«  and  with  drawn  ailcr  on  hour  ivtid  a  fanl/|  themaD  carefall;  aTfiidlng 
to  Bvallow  hlfl  Bali  fa  during  that  period  ;  iti  formation  maj  wltb  gi%at  prohtihllUj  be 
attributed  to  the  oon joint  action  of  the  wantUh  nnd  TDoiatnne  of  the  Btoouich,  and  by  no 
meana  provci  anj  cotiTerting  agency  Ui  Imve  been  exercised  apoii  it  by  tJje  gastric  juice* 
f  See  Frericbs  in  **  Wagner^a  Hanclwort^rbuiih,*'  ba^  iii.  Art.  '  Veidannng.* 
t  See  a  aeriea  of  six  papers  poblished  by  MffiHGierlii  ^'Healeand  Pfeuifer's  Zeit* 
ficbrift."  No,  vi,  the  mo«t  recent,  is  in  baadiiv,  p,  78.  Ko»  t.^  hand  iiii»  (BerichteJ, 
p.  %65.  N&,  IT,  band  lii.  p,  46.  No,  ill.  band  x.  p.  i.  Ko,  ii,  band  Tiii.,  p.  280. 
No.  L  band  vij.,  p,  1.  For  BriicWi  eicpenment«  aee  "Sitaniigaberlcht  d,  K.  Akad«  e 
Wiexi/*  Kxxni,  ;  aud  far  Pimke'B  iee  "  ArchiT  fur  Path.  Auat,/'  band  jdiL  p.  44  a* 
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obvious  that  a  process  of  cliemica!  traiisfonnation^  as  "wcU  as  of  solution, 
haa  taken  place j- — a  conclusion  wKkh  is  further  corroborated  by  the  e^pe- 
rimeiits  of  Bernard,  who  tburid  that  on  injecting  a  solution  of  albumen 
in  veiy  dilute  hydrochloric  acid  into  the  general  circidation,  the  liquid 
speeiiily  iiassed  off  by  the  renal  secretion,  whilst  after  injecting  the 
aolution  of  albunicn  in  gjistric  juice  no  trace  of  this  could  be  detected 
in  the  urine.  The  two  compounds  may  be  sefiarat*^  tVom  one  anotlier 
by  the  sijuple  ncutralixation  of  the  acid  liquid  by  an  Jilkuli,  when  a  Binall 
quantity  of  a  white  iiocculent  precipitatei  insoluble  in  pure  water,  Imt 
slowly  disaolve<l  by  feebly  acid  aud  alkaline  fluids^  falla,  which  in  termed 
Parapeptone.  By  fitr  the  larger  projiortion  of  the  albuminous  aubstiuice^ 
however,  is  converted  into  Peptone,  which  is  contaii^ed  in  the  fluid  tiom 
which  the  Pa^a{:^eptone  has  been  precipitated^  but  i^  thrown  down  from 
its  solution  as  a  white  colourless  substance  on  the  addition  of  alcohol ^  cor^ 
rosive  sublimate,  or  tiumic  acid.  Mill  on' s  reagent,*  which  iruimrts  a  red 
Goiour  to  albumen  (solid  or  dissolved)  when  heated  to  140^-202**  Falir, 
reddens  it,  but  givea  no  precipitate^  It  is  remarkable  that  protracted 
boiling  in  water,  and  also  exposure  to  the  actioa  of  ozone,  produce 
metainorfdioses  on  albmninous  substances  anaJogous  to  those  effected  by 
the  act  of  digestion. — Gelatijio  and  Gelatine-yielding  tissues,  fis  the  con^ 
necting  tissue^  teiidons,  ligaments,  ^c,^  are  reduced,  accorcling  to 
Meizler,  by  ^e  actaon  of  the  gastric  juice  to  a  syinipy  lluidjj  which 
has  no  power  of  coagulation,  though  it  gives  tlie  orditiary  re- 
actions of  Gelatine*  Its  diffusibihty,  or  power  of  passing  tlirough 
animal  membranes,  is  Bomewhat  increased. — -Meissner,  on  the  other 
hand,  considers  it  undergoes  a  change  analogous  to,  though  not  exactly 
identical  with,  those  ex])erienced  by  tlio  albimiinous  compounds  in 
the  stomach ;  and  recetitly  Meissner  and  Kirchner  find  that  Gelatine 
is  not  RecessBrily  deprived  of  its  coagulability  by  the  action  of  Uie 
Gastric  Juice.  §  The  action  of  the  gastric  juice,  therefore,  seems  to 
stand  in  the  place  of  a  high  tcmi>eTatiu*e  and  a  i>owei-ftd  oxidizing  agent ; 
but  tJiough  albuminoufl  aubstancea  are  converted  mto  i>eptones  during 
digestion,  yet  as  no  peptones  are  found  in  the  fluids  of  the  body,  but 
simply  albumen,  this  conversion  seems  to  be  only  acconiplistied  for  the 
purpose  of  promoting  its  absorption.  For,  as  Prof.  Graham  has  shown, 
albumen  has  a  verj^  low  thfoaive  [Xjwer,  and  a  very  high  endosmotic 
equivalent;  and  although,  when  sulijected  to  considerable  pressing,  its 
solutions  will  filter  slowly  through  animal  membranes  (thus  affording 
a  rationale  of  its  occasional  appearance  in  various  transudations),  yet 
it  is  obvious  that  unlera  some  such  preliminary  change  took  place,  a 

*  A  eotution  gf  loerGury  in  aitno  oatd  (sontfuiiing  a  proto  and  a  [M^rsalt). 

f  iliher  compQuudii  named  metApepton^  ftnd  dyapeplotiee,  olitamefl  by  M^ft^n^r  fn 
C«««ini  iyntoninj  aad  nther  albumlaauB  substaucea,  appear  to  \^  only  tiit^nnt'dijitc  ete^ia 
m  ihe  maia  procew  of  tbelr  decompodtlon  tuto  n  Im-g^r  ijortioo — pt^pUiuef  aciliible  in  [jarxj 
wiiteri  And  t^  Bxuidler  purtianp  pttrapt^ptoDe,  inBoliible  in  pnre  wattit ;  ttud  Memtiur 
tt(i|^cRtfi  that  the  opera tiun  of  the  PanLTi^tic  Jaica  maj  be  to  i^uvert  ptirap@pioue  intu 
pflplotMjj  find  by  tbuB  r^ndtiriug  itHolnbLe,  to  make  it  avaiitLblc  furthe  purposes  of  nutrition, 
iioflfor  V.  Wjtticb'a  *  Expts,  on  P<jptoue«,*  ''K^nigsb.  Med.  Jalirb.,"  band  xil  1S052, 
[J,  lim  to  2U7. 

t  Eehkimd  Meisaner,  '^Bericht,"  1860,  p.  26». 

%  **  Heulu  aud  PfenT.  ^Its  ,**  btind  jtir.  \m%  p.  S€S, 
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very  ingufficient  supply  of  this  nmterial  would  gain  entrance  mto  the 

93,  Thi»  action  of  tlie  Gastric  solvent  upon  the  azoti^ed  const! fcnenta 
of  the  food,  is  dejiendent  upon  several  accessory  conditions.  One  of  the 
most  imjKjrtant  of  theae  iB  iejnjreraturt**  A  heat  of  from  96°  to  100^  in 
required  to  keep*up  the  solvent  prooess,  which  is  retarded  according  to 
the  depression  of  the  tliermometer  below  this  standard ;  so  that  at  tlie 
ordinary  tempemttire  of  the  atmosphere  it  is  completely  suaj)ended,  to  he 
renewed,  however,  with  an  increment  of  heat.  On  tlie  other  hand,  a 
trifling  elevation  of  temperature  above  1 00^  occasions  a  decomposition  in 
the  gastric  juice,  whicii  entirely  deatrojs  its  solvent  power, — The  next 
condition,  which  sf^eeially  affects  the  time  required  for  the  process  of 
solution,  is  motmt.  This  does  not  act  mechanically,  by  way  of  *  tritu- 
ration,*  as  was  once  supposed ;  for  fcMxl  is  found  to  be  digested,  when 
enclosed  in  metallic  balls  perforated  to  admit  the  access  of  giistric  juice 
to  their  interior.  But  it  answers  tlie  purpose  of  UioroughJy  subjecting 
F  the  whole  of  the  aUmentary  boluja  to  the  agency  of  the  gastric  solvent 
Iby  bringing  each  part  succeeaively  into  contact  with  the  lining  membrane 
of  the  «toniach  from  the  surface  of  which  the  flujd  is  effused. — The 
r&navai  of  ihe  maftsps  alrmdr/  re.d\iccd  or  dissolved^  also,  has  a  most  im- 
portant effect  in  faciUtating  the  solution  of  the  remainder.  This  removal 
is  (hie  in  [>art  to  the  absorfition  of  the  matters  in  a  state  of  sohition,  into 
the  blood-vessels  of  the  walls  of  the  stomach  (^  107)  j  and  in  jiart  to  the 
guccesaive  escajie  of  the  reduced  portions  througli  tlie  pyloric  orifice 
(§  HS). — The  importance  of  the  previons  state  of  minute  divmon  and 
ineoi'poratwn  mlh  aqueotis  Jluid^  in  promoting  the  action  of  the  gastric 
sol  vent  J  lias  been  already  d  welt-on  (§  78). 

94,  Although  the  Chprn^  or  product  of  gastric  digestion,  which 
^escapes  through  the  pyloric  orifice  into  the  duodenum,  contains  much 
a^tized  matter  in  a  state  of  actual  gotution^  a  considerable  proportion 
of  it  is  still  only  reduced  and  mechanically  mtstpefided ;  and  the  solution 
of  the  latter  is  continued  in  the  intestinal  tube.  In  the  iarinaceous 
jiart  of  the  food,  moreover,  no  great  amount  of  change  has  hitherto  been 
effected ;  and  the  sugar  which  has  been  generated  by  the  agency  of  the 
salivary  ferment,  is  probably  absorbed  into  tlie  blood-vessels  nearly  as 
fast  m  it  is  formed.  In  the  condition  of  the  fatty  matters,  no  important 
change  is  perceptible,  except  such  as  results  from  the  solution  of  the 
membranes,  &c.,  that  enclosed  them.  Hence  we  see  that  the  process  of 
Digestion,  so  fiir  from  being  completed  in  the  stomach,  has  only  been 
carried  one  stage  fiiriher.  Soon  after  its  entrance  into  the  Duodenum , 
the  chyme  is  subjected  to  the  actions  of  the  Bile,  the  Pancreatic  fluid, 
and  that  secretion  from  the  glandular  in  the  walls  of  the  intestuie  itsell^ 
(proceeding  chiefly,  perhaps,  from  the  glands  of  Brimner,  |  98),  which 
is  known  under  the  name  of  the  *  Succus  Entericus,* — ^Of  these,  the 
Pancreaik  iiuid  will  be  first  noticed.  The  structure  of  the  Pancreas 
closely  resembles  that  of  the  Salivary  glands  (§  90);  for  it  consists  of 
racemose  clusters  of  secreting  follicles,  which  form  the  terminations  of 
the  ramifying  divisions  of  the  duet ;  each  cluster,  with  its  blood- vessels, 
lymphatics,  ner^^es,  and  connecting  tissue,  forming  a  lobule;  and  the 
aeimrate  lobules  being  held- together  hj  areolar  tissue,  as  well  as  by  the 
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veeaels  and  duets.  Like  the  Halivary  glands,  moreover^  iti*  deirelopm^iife 
commenoes  by  a  sort  of  budding-forth  of  the  alimentary  canal  at  a 
piu-ticular  spot,  upon  which  a  ma^s  of  cells  has  preTionslj  accumulated. 
The  secretion  of  this  gland  resembles  saliva  in  its  general  appearance, 
being  clear  and  colourless,  free  from  smell,  alkaline  in  its  reriction,  and 
very  viscid.  Upon  the  ajipli cation  of  hefit,  or  upon  the  addition  of 
any  of  the  Btronger  mineral  acids,  it  coagulates  in  a  solid  mass  like  the 
white  of  an  egg.  Its  properties  acem  to  vary  according  to  the  period  of 
digestion  at  which  it  is  collected,  being  at  first  very  tenaeiona  and 
coagulating  conipiefcely,  wliilst  at  a  later  |ieriod  it  be<3omes  thinner,  more 
alkaline,  and  less  perfectly  coagulable  by  heat  its  solvent  jxjwers  upon 
various  constituents  of  tlie  ibod  being,  at  the  same  time,  less  strongly 
marked.  The  comix>aitinn  of  tlie  Pancreatic  Juice  of  tlie  Dog  ia  repre^ 
sentecl  in  th^  following  Table.*  fl 


tn  1000  PArtM. 


From  a  per- 

QiAdotit  Pas- 

cri-atlLFuh 

tiiJii. 


From  th*  PanLTeatie 


Wnter      . 

Solid  reaidoe     «■•...*<«.* 

Fancreatin  *,.,..  ^  »,,.  . 
Salta »     *     - 

SodA  tisonihiDed  with  F&acreaiiQ       ,     ,     >    i     * 

Chloride  of  sodiuiQ * 

Chloride  of  ]>otasaiuiD .  **.,*.  ^  * 
Fbo0phat<a  of  limo  .,..*.*«*. 
Phoaphate  of  magneBia  witli  traces  of  o^ide  of  iroit 
^ribftsic  phosphate  of  soda  *«,..*. 
LiiD0  oomhiadd  with  PiuicroiLtin  .,*,.. 
Magnesift  oombiaed  with  Pancreatin    »    .     .     , 


980  45 
19 -55 

22'Tl 

S*31 

0*07 
O'Ol 
0*01 

a  "01 


&00  76 
99 '24 

90*44 
8 -SO 

0*58 
1Z5 
0*02 
0-41 

0-12 

0^32 


884*4 
115  0 


Leudne^  Guanine,  and  Tyrosine,  appear  to  he  coastant  constituents  of  tho 
substance  of  the  gland,  and  Leucine  has  occasionally  bc?en  found  in  ths. 
aecretion.  The  nature  of  the  organic  substance  whidi  forms  so  large 
part  of  the  solid  residue  of  the  pancreatic  juice,  and  which  is  so  singular  1;^ 
prone  to  decomposition,  hii.^  not  been  accurately  determined.  Bernard  states 
that  it  resembles  albinnen  in  being  precipitatetl  by  beat,  acids,  alcohol,  and 
metallic  salts,  but  differs  in  being  thrown  down  by  sulphate  of  magnesia,  and 
by  the  circtimstance,  tlrnt,  after  being  precipiliifced  by  alcohol,  it  c-an  be 
redisaolved  in  water.  The  quantity  of  tho  secretion  which  is  poured 
fortli  in  24  hours,  has  been  varioiusly  estimated  ;  and  perhaps  the  differ- 
ences are  due,  oa  Bernard  ha^i  suggested,  to  tJie  circumstance  that  when 
the  operation  for  the  formation  of  a  pimcreatic  fistula  has  been  attended 
with  much  violence,  when  the  gland  has  become  inflamed^  and  the  health 
of  the  animfd  has  in  consequence  suffered,  the  lliud  secreted  is  abnormal, 
and  differs  both  in  quantity  and  in  many  of  its  most  essential  properties 
from  the  heattby  secrettoiL.     From  theae  considerations,  and  from  tb€ 

*  Gontp-Be^Aaes,  **Phy«oL  Chemiei,'*  1862,  p,  487. 
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probably  interniittent  character  of  iJia  nacretory  act,  it  is  manifest  tlmt 
only  an  approxiinative  estimate  of  the  absolute  quantity  can  be  made.  Bar- 
nard  ^timatea  the  quantity  aecreted  per  hour  in  the  dog^  for  every  1  lb. 
weight  of  the  aninmlj  at  about  15  grains;  SSchmidt  and  Ejrbger  at  from 
20  to  35  grains.*  A  nma  weighing  100  lbs.,  at  this  rate  would  secrete  15 
or  IS  lbs,  of  pancreatic  juice  per  diem  I  Bernard  deseribes  the  gland  aa 
pale  and  flaccid  during  the  period  of  fastings  and  as  rosy  (but  not  deep 
red^  S4.!hifff )  some  time  after  food  hm  been  token,  wlven  the  secretion  ia 
rapidly  poiired  forth.  The  activity  of  the  gland  seems  to  be  greate&t 
at  the  midiUe  or  towards  the  close  of  ga&tric  dlge8tion|,  and  at  the 
l^eriod,  therefore,  of  the  passage  of  the  contents  of  the  stomach  into  the 
srnaU  intestine.  As  the  organ  is  of  considerable  size,  is  very  constant 
amongst  the  Vertebrata,  and  imiformly  discharges  its  Becretjon  into  the 
duodenum,  it  is  natural  to  suppose  that  it  must  exert  an  important  influ- 
ence in  preparing  the  food  for  atraorption ;  and  this  ia  fully  borne  out  by 
our  knowledge  of  the  serioua  interference  to  the  due  performance  of  this 
operation,  resulting  from  disease  of  this  organ,  and  of  the  extreme  in- 
stability of  the  organic  matter  contained  in  its  secretion. — From  the 
researches  of  many  experimenters,'  it  appears  to  be  well  ascertained — 
1.  That  the  pancreatic  juice  can  convert  starch  into  sugar,  2,  That  it 
can  emulaiiy  fat,  B.  That  it  can^  to  a  certain  and  limited  extent^ 
dissolve  aibumon.  The  saccharifying  influence  of  the  pancreatic  juice 
ujjon  starch  wt^  first  observed  by  ViUentin,  and  may  be  proved  by  add- 
ini:^  the  healthy  secretion  obtained  by  a  fistulous  ofieniug, "  or  even  an 
inlWon  of  the  gland-subst^mce,  to  either  crude  or  boiled  starch;  for  though 
the  energy  of  the  action  is  much  greater  in  the  latter  case,  yet  even  in 
the  former  the  starch -grains  become  rapidly  altered  in  form,  dis- 
intcgratef  and  dissolve ;  grape-sugar  being  at  the  ^me  time  produced. 
From  Schmidt's  experiments  it  appears,  that  one  part  of  the  secretiou 
can  convert  about  four-aad-a-haJf  parts  of  starch  into  grape-sugar,  § 
The  neceiwity  which  exists  for  the  conversion  of  starch  into  sugar,  before 
it  can  be  absorbed,  renders  evident  the  advantage  which  attends  the 
presence  of  a  gland  possessing  a  similar  transforming  power  to  that  of 
mliva,  at  some  distance  from  the  mouth,  where  it  may  act  upon  the  crude 
starch  now  softened,  swollen,  and  otherwise  affected  by  the  combined 

•  See  M.  Kdwarda,  **  Le^ona  am-  U  Ptjroologi^"  I860,  p.  622.  Colin  obtained  about 
10  OK.  per  hoax  ^m  a  cow  of  mediiim  size  and  &aiu  k  borso,  bot  oiklj  3  dfacbms 
frdm  A  pig. 

t  '"  Wagncr'i  ArcbiT,"  bwid  iiL,  1862,  p.  271. 

t  Wdmnauii  obtfenred  la  ft  dog  dutiag  tlie  &r«t  honr  tSi^  a  fall  meaA,  l^lOgmlu^ 
lecreted,  whilst  aHera  45  hoara'  fait  onlj  7|  gnuDi  {*^  Henle  nad  Pfeaffer'i  Zeitaf^hntt,^* 
N,  F.  band  iii.,  p.  Ml).  Krciger  obuined  384  gnms  during  the  1st  hoar,  271  in  the 
20(1,  S25  in  the  3nl,  4th,  5th,  and  6th,  17$  m  the  7th,  Stb,  axiddth,  165  fmm  th«  lOth 
to  the  Hth,  and  103  fmm  the  19th  to  the  24  th.  Carruart  Attn  bu  tea  the  a^ereHoa  to 
&  kind  of  eharging  of  the  pancreas  vith  albamlooiu  oompoanda  absort^  during  digestion, 

•  for  on  the  i attraction  of  food^  ^^  ^^  the  prcxlncto  of  gastric  digestion  bdowthe  enttim^e 
of  the  pAQcreatic  dtict^  no  inqrease  in  the  flow  of  the  lecretion ooemrod  {'*  Atdiir.  Qen. 
d«  Med.,^*L,  1861.  p,  533). 

§  Iq  nnbealthy  conditbDa  it  is  not  uniikel;  thai  the  sme  changes  maj  Uke  place, 
^m  fta  ixmt  vben  paneneatic  jnice  is  allowed  to  remftia  long  upon  starch -paste  at  a 
^m  moderateij  high  teEnperatnre  ;  these  chAiigea  being  acotvMpanied  mlh.  the  eTolatioa  of 
^m  hydrogen,  nitrogen,  and  carbonic  adds,  ladioatiiig  the  ooenriVDoe  of  the  lactic,  bot/ric, 
^M       or  even  ateohoUe  fermentation. 
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lieat  and  moistuxo  of  the  Btomach,  and  wliich  would  otherwise 
being  acted  on.     The  pancreatic  juice  is  not,  howev<?r,  excliiatvt*lj  < 
tlned  for  this  function ;   sharing  it  with    the  *  biiccub   entericna/   wliia 
has  been  shown  by  Frerichf*  and  Iliibennet,  and  especially  in  the  inter 
eating  case  recorded  by  Buiich,*  to  be  alao  posseeiad  of  tins  converting 
power-f-^-But  secondly ,  it  hns  been  affirmed  by  M.  CL  Bernard,  and 
strong  evidenoe  has  been  adduced  by  bim  in  support  of  kin  Btatemeut, 
that  the  essential  purpose  of  the   Pancreatic   fluid  is  to  promote   the 
absorption  of  fiitty  matters,  by  reducing  them  to  the  state  of  an  ejnuhion^ 
which  is  capable  of  ftnding  its  way  into  the  lacteals.     That  this  fluid 
poflseases  tho  emulsifying  power  m  a  peculiar  degree^  may  lio  considered 
AS  having  he^n  iuUy  demonstrated  by  hia  experiments ;  for  on  mixing  it 
with  oil,  butter,  or  any  variet}^  of  fiitj  at  a  temperature  sufficiently  high 
to  render  the  latty  eubfiUmce  liquid^  and  then  stirring  the  mixture  for  J 
few  rainutea,  an  emubion  ia  produced,  bearing  a  strong  reacniblance 
chyle.     This  emulsion  does  not  cease  to   present  ita  peculiar  asp 
al^owgh  leil  standing  for  some  time;  whereas  although  bite,    buHv 
gastric  juice,  blood-serum ^  and  other  animal  flm'ds,  have  a  certain  etJiuJ- 
aifying  power,  yet  after  a  short  time,  the  oil-particles  run  togetlier  a^iis 
almost  as  if  ttiey  had   been    merely   sliaken-up  with  water,     Furthe 
it  is  asserted  by  Bernard^  that  in  the  Rabbit  (in  whii^h  the  yiancreati 
duct  discharges  itself  some  inches  lower  down  in  the  intestine  than  do 
tlie  bOe-duct),  when  &tty  matters  have  been  introduccHl  into  the  alimen-^ 
tary  canal,  they  undergo  no  considerable  change,  until  they  have  passed 
the  orifice  of  the  pancreatic  duct ;  an  oily  emulsion  being  then  for  the 
first  time  foiind  in  tho  intestinal  c^nal,  and  the  opaque  whiteness  of  chyle 
allowing  itseh'  in  the  contents  of  tkhoee  absorbents  onlyj  which  originate 
in  the  intestinal  vlUi  below  that  orifice.     So,  again,  M.   Bernard  aiiirms 
tliat  by  putting  a  ligature  round  the  pancreatic  duct,  the  digestion   of 
oleaginous  matter  is  so  completely  prevented,  that  it  ia  found  unchanged 
in  the  lower  part  of  the  intestinal  tube,  and  no  opalescent  chyle  is  foimd 
in  the  lacteals.      This  position  is  further  strengthened  by  the  &ct  ascer- 
tained by  clinical  observation, |  that  there  is  a  close  relation  between  disease 
of  tlie  pancreafi,  and  the  discliarge  of  fatty  matters  per  anum.    Frerichs, 
Lebmann,  Lenz^§  and  othera,  endeavoured  to  show  that  the  statements  of 
M*  Bernard  were  too  exclusive  in  their  characterj  and  that  the  digestion 
and  absorption  of  iat^  matters  took  place  afW  the  pancreatic  duct  bad  been 
tied  (sufficient  time  having  been  given  for  tkhe  evacuation  of  any  pancre- 
atic fluid  that  might  have  been  in  the  alimentary  canal  previously  to  the 
operation)^  and  even  in  die  lower  part  of  the  email  intestine^  into  which 
these  substances  liad  been  conveyed  by  injection,  after  it  had  been  com- 
pletely sei>arated  by  a  ligature  from  the  upper  port  into  which  tlic  pan- 
creatic fluid  was  poured.    Bernard  repliai  witli  great  acumen  to  these 
observers,  that  after  tying  the  duct  tbey  did  not  in  most  instances  take 
care  to  aacertain  whether  a  second  duct  was  present  or  not,  a  circumstanQ 

•  "  Virchow*«  AwliiT  f.  path.  Anal,  unci  PhjBioI,**  vol.  xiv.  p.  140, 

t  See  alBo  *^  Caii»tAtt's  Jaiirenbericht."  1S62,  p,  112. 

t  See  Dr,  Bright'*  r^seftrclies  on  this  [Hjiut,  in  "  Med.*Chir,  Tnuui,,'*  toL  xtiU^ 
also  an  Artiek  on  pAacroutic  J}k<Nue  and  Ffrlty  Disditirges,  in  ^*  BriU  &nd  Pnr.  Med,- 
Cbir.  Kev,/'  vol  jfii,  p.  164. 

§  '*  De  Adipu  Conooctbne  el  Atttorptionflf^^  Doipit,  1850. 
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of  common  occiirrence  in  mme  aninials ;  and  secondly^  that  when  the 
experiments  were  in  other  resj^cta  sjitiafactorUj  j^eribrmed,  the  etnulaifi- 
cation  of  the  fkts  might  sttll  have  been  effected  by  the  increased  activity 
and  development  of  certain  glands  which  he  has  observed  between  the 
coata  of  the  duodetiiim,  in  immediate  proximity  to  the  entrance  of  the 
duct  of  the  pancreas,  and  the  secretion  of  which  he  found  to  resemble 
very  closely  that  of  tlie  pancreas  itself  It  must  be  obBerved,  however, 
that  B^^rard  has  dissected  out  theae  glands,  aad  ascertained  that  their 
collective  weight  does  not  exceed  l-3^5th  that  of  the  paucreiis ;  and, 
therefore^  the  fnnction  of  that  gland  can,  in  the  first  instance ^  at  least,  \ye 
but  imperlectly  discharged  by  them.  Colin  (of  Alfort),  moreover,  made 
tome  ingenious  experiments,  in  which  he  determined  the  quantity  of  fat 
contained  in  the  chyle  of  cowa  and  other  aniiuals,  both  beJbre  and 
after  ligature  of  tJie  pancreatic  duct,  and  after  axtirpation  of  the 
gland.*  He  was  unable  to  discover  any  remarkable  difference  in 
its  composition.  Similar  experiments  were  made  by  llerbst,  Schiff  and 
Dondera,  from  which  the  conclusion  may  be  fairly  drawn,  that  lliough 
tlie  pancreatic  juice  is  of  considerable  importance  in  the  em ulsifi cation  of 
fiitty  bodiesj  yet  that  its  action  is  not  indispensably  requisite  for  their 
absorption;  and  it  is  possible,  as  Frericba  and  Hiibbenet  state,  that 
the  Succiis  Entericus  may  poasess  an  emidsifying  power  of  coaaiderable 
energy,  and  quite  sufficient,  in  the  absence  of  the  pancreatic  juice,  to 
prepare  a  due  amount  of  fat  to  supply  the  demands  of  nutarition.  lu 
BuBch's  cas&j  however,  already  referred  to,  the  digestive  action  of  the 
fluid  poured  forth  by  the  lower  part  of  the  Jejunimi  and  Ileum  upon 
fatty  bodies  introduced  into  them  through  the  fistulous  orifice,  was 
exceedingly  imperfect,— K  the  part  played  by  the  pancreatic  fluid  in  the 
digestion  of  fiitty  bodies  is  atOl  in  some  measure  doubtful,  \u  capability 
of  eflEecting  a  solution  and  metamorphosis  of  albuminous  bodies  is  still 
more  difficult  to  detemiine*  There  appear  to  be  three  views  in 
respect  to  this  power:  1st,  that  of  Corviaart,  Schiff  and  Mitchell,t 
who  are  of  opinion  that  healtliy  pancreatic  juice,  or  the  infusion 
of  a  healthy  pancreas,  or  even  a  solution  of  the  precipitated  pancreatine 
in  distiiled  water,  possesses  a  distinctly  solvent  action  on  albumen, 
converting  it  into  a  peptone-like  substance.  2ndly,  the  view  sup- 
ported by  Keferstein,  Ilallwachs,  Brinton,  Punke  and  others,  that 
though  the  pancreatic  juice  is  certainly  capable  of  effecting  a  solution  of 
albumen,  yet  that  this  action  only  occurs  with  the  supervention  of  putre- 
faction, Srdly,  the  view  entertained  by  Bernard,  which  certainly  fieems 
the  most  rational,  that  the  eolvent  power  of  the  pancreatic  juice  for  alhu- 
minoua  substances  is  only  exercised  when  it  is  mixed  with  bite,  and  then 
only  after  the  preparatory  action  of  the  gastric  juice.  This  is  substanti- 
ated by  the  experiments  of  Skrebitzki  and  Bidder,  which  led  to  the  con- 
clusion that  the  pancreatic  juice  can,  under  some  circumstances,  dissolve 
albumen,  converting  them  Without  putrefaction  into  peptone-like  bodies. 
But  to  effect  this  two  important  conditions  are  requisite ;  namely,  that  the 
pancreatic  juice  should  be  obtained  from  an  animal  that  was  in  the  act 
of  digesting  its  food ;  and  secondly,  that  the  solution  should  jjosfiess  a 
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*  "Oompi.  Bmd.t'  18M. 


t  **  Araer.  Joomml  of  Med.,^'  1800. 
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weakly  acid  reaction**  These  obBervera  tnnde  infiisiona  of  the  fresh  piin- 
creas  uf  piga,  and  found  that  they  presented  an  acid  reliction,  wbich  they 
considered  might  possibly  be  due  to  the  acidification  of  the  fatty  anb- 
Btancea  unavoidably  mingled  with  the  proper  juice.  Pieces  of  albumen 
were  gradutiUy  disaolved  at  a  temp,  of  100*  Fahr.,  with  the  production 
of  a  strong  broth- like  odour.  Before  any  action  had  taken  pkce  on  the 
cubes  of  albiunen,  coagulation  occurred  on  heatdng  tiie  fluid ;  but  after 
digestion,  no  precipitation  took  plac«j  though  alcohol  and  tannic  acid 
readily  proved  the  presence  of  some  peptone  or  similar  substance;  so  that 
the  digestive  operation  bad  not  only  acted  on  the  albumen  introduced, 
but  also  on  the  albuminous  fiubstances  origixially  present  in  tlie  inftision. 
The  conclusion  which  seems  naturally  to  follow  from  thi^e  premises  ia^ 
that  the  alkaline  pancreatic  juice^  ii3  it  issues  from  tlie  gland,  has  but 
little  action  on  albimiinous  compounds ;  but  when  it  becomes  slightly  acid, 
either  by  incipient  decomposition  or  by  admbcture  with  the  gastric  juice, 
it  acquires  the  power  of  converting  albumen,  and  that  insoluble  form  of 
albumen  called  parapeptone,  into  the  soluble  peptone,  and  so  effecting 
their  solution, "1^  In  a  remarkable  and  well*observed  case  of  atrojihy  of 
the  liver  and  pancreas  described  by  Dr.  J.  A.  Fl^e,  a  considerable  quan- 
tity of  fat  and  undigested  muscular  fibre  was  foimd  to  pass  away  in  the 
feces,  but  after  the  daily  administration  of  a  calf  s  pancreas  nearly  all  the 
J  at  and  a  great  proportion  of  the  jmtsctilar  tiiisue  disappeared*  J 

db,  Tlie  Duodenum  receives  not  only  the  Pancreatic,  but  also  the 
Biliarif  secretion ;  and  from  the  coQstimcy  with  which  this  iluid  is  poured 
into  the  upper  part  of  the  intestinal  tube,  or  even  into  the  stomach  itself, 
in  all  animals  which  Lave  any  kind  of  hepatic  apparatus,  §  it  seems  a 
^gitinmte  inference  that  this  secretion  is  not  purely  excrementitioiis,  but 
Berv^  some  important  purpose  in  the  digestive  process.  It  is  not  eaay^ 
however,  to  state  with  precision  wliat  tlm  pnrjxjse  is.  The  results  of 
many  of  the  experiments  which  have  been  made  to  determine  it,  are 
vitiated  by  the  fact,  that  the  pancreatic  duct  in  most  cases  dischai]ges 
itself  into  the  intestinal  tube  at  the  same  point  with  the  hepatic^  and 
has  thus  been  frequeittly  involved  in  operationa  performed  upon  it. — As 
the  most  important  constituents  of  Bile,  and  the  agency  of  tlie  Liver  as 
an  assimilating  and  depurating  organ,  will  be  more  appropriately  con- 
sidered elsewhere  (chaps,  IV,  and  ix.),  we  shall  here  limit  ourseh'es  to  the 
eonsideration  of  what  may  be  regarded  as  the  beat- established  factg  in 
r^ard  to  the  uses  of  the  biUary  secretion  in  the  digestive  process. 

9B.  When  its  action  is  tested  out  of  the  body,  by  mingling  it  with  the 
difterent  constituents  of  food,  it  is  found  to  exert  a  slight  action  in  con- 
verting starch  into  sugar,  [|  It  has  no  action  ufxin  cane-sugar,  until  it  has 
stood  a  considerable  length  of  time ;  but  then  it  converts  it  into  lactic 

'  Henle  and  MtisOTicr*ii  "Bericht,"  1861). 

+  See  Henle  wad  MtiBaner'a  "  Bericht,*'  1859,  p.  S3S,  Brinton  in  ■*Ihiblin  QBiulerly 
Jonmid,"  1859,  p,  IM  ;  luid  in  "  Malia-Chb,  Rbt,,"  1862,  foL  iL,  p,  203.— ^.Gtinip- 
Bos&noK,  '♦Phjra.  Cbero,"  p.  487.     Sob  iff  id  *' CatiBtatt*B  Jflhreabericbt,*'  1862,  p.  132, 

t  *'  Dondari'  AroMv,"  1362,  Bd.  ili.  pt.  ii.,  p.  1S7. 

I  Seo"Priiw,  of  Comp.  Fiiy»./^  4th  Edit.,  §§  4fj5— 41L— The  Bimpleftt  condition 
of  the  LiT^r,  meh  u  we  moet  with  in  the  higher  Radiata,  and  in  the  b*er  Articnkta 
and  MolInncA,  conaista  m  n  ieries  of  fk>Hiclea  lodged  in  the  WbXU  of  ihe  stocnAoh  ajid  of 
the  upper  part  nf  the  [ntofitiDd  tutie. 

y  Ti  OOTnp*BesRnei,  1862,  p*  467. 
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iMJid.  This  cliange  it  speedily  exerts,  as  do  nearly  aJl  other  animal  sub- 
sUncesj  upon  grape -sugar.  It  has  no  action  on  albuminous  substances, 
even  when  acidulated.  And  although  it  will  fi>rm  an  emulsion  with 
oieaginotia  matter,  and  especially  with  the  tatty  acids,  yet  the  em ulaifi ca- 
tion is  leas  complete  than  that  which  is  effected  by  the  jmncreatic  fluid 
alone,*  But  if  the  action  of  the  Bile  is  only  subsidiary  to  that  of  the 
Pancreatic  Juiee,  it  is  certain  that  it  very  materially  aids  the  absorption 
of  olejiginous  bodies  by  enabling  them  to  pass  more  easily  through  the 
coats  of  the  intestine;  Wistinghattsenf  and  HoiFman|  having  sliown  that 
the  force  requisite  to  effect  the  filtration  of  an  oily  aubatance  through  an* 
aninial  membrane  is  much  less  when  the  membrane  is  moiatened 
with  an  alkaline  fluid^  or  with  bile,  than  when  it  is  moistened  with  pure 
water.  Bile  appears  to  be  deficient  in  any  materials  corresponding  to 
the  peculiar  ferments  of  the  sahvaj  gastric  juice,  and  pancreatic  aeoretioQ ; 
and  hence  its  office  in  digestion  must  be  of  a  different  character  from 
that  of  either  of  thoae  fluids.  The  nature  of  this  oflSce  may  be  partly 
judged -of,  from  what  takes  place  when  fre^h  bile  is  miugled  with 
fresh  gastric  juice  r  a  precipitation  of  the  tauro  and  giyoocholate  of  soda 
and  of  the  colouring  matter  of  the  bile  then  taking  place,  the  super- 
natant fluid  still  retaining  tlie  acid  reaction  of  the  gastric  j idee.  Dr. 
Dal  ton  has,  however,  sliown  §  that  tliis  precipitation  does  not  take  place 
with  chyme,  or  the  product  of  gastric  digestion^  that  is  to  say,  with 
gastric  juice  holding  albuminoge  or  peptones  in  solution;  and  therefore 
that  the  gastric  juice  and  bile  are  not  really  antagonbtic  to  each  other 
in  the  digestive  pfl'ooesfl.  The  admixture  of  the  bile  with  the  chyme  seema 
further  to  have  the  effect  of  checking  destructiTo  chemical  changes  in  lu 
composition,  For  M.  Bernard  found  that  when  two  similar  pieces  of 
meat  had  been  immerse  J  ibr  three  months,  one  in  a  bottle  of  gastric  juice 
alone,  and  the  other  in  a  mi3fture  of  gastric  juic*  and  bile,  a  strong 
ammoniacal  odour  resulting  from  decomposition  was  emitted  from  the 
former,  whilst  the  latter  wjis  ptwe  and  (rete  from  any  smell  whatever. 
And  it  was  remarket!  by  MM.  Tiedemann  and  G  me  I  in  (and  also  recently 
by  Hoffmann),  that  when  the  bile  was  prevented  from  passing  into  the 
alimentary  canal,  the  contents  of  the  latter  were  more  ftetid  than  usual 
Moreover,  it  is  found  that  the  admixture  of  bile  with  fermenting  sub- 
stances checks  the  process  of  fermentation ;  and  M.  Bernard  has  shown  by 
ingeniously -contrived  experiments)  ||  thjit  this  power  is  exertad  alsb 
to  some  extent  in  the  living  boily.  Hence  we  can  understand  how  the 
reflux  of  bile  into  the  stomach  should  seriously  interfere  with  the  prooess 
of  gastric  digestion  ;  and  how,  when  there  is  a  deficient  secretion  of  bile, 
or  more  food  is  swallowed  than  the  bile  provided  for  it  «in  act- upon,  or 
the  character  of  the  biliary  secretion  itself  has  undergone  any  serious  per- 
version, there  should  be  much  more  than  the  normal  ajiiount  of  putrefac- 
tive fermentation,  n^  is  inflicated  by  an  evolution  of  flatus,  and  very 
frequently  by  diarrhcBa*  Further,  the  want  of  proi>er  neutralization  ol' 
the  gastric  Huid  will  cause  the  continuance  of  acidity  in  the  con  ten  t«  of 

•  Dr.  B«iioe  Jcmea,  tn  the  "Medical  Times,'*  July  6,  1851. 
+  **  Emliwiaotisch  Yerauche/'  diH^ert.  iaatig,,  Dorpat,  1861. 
t  "Ctjerclse  Aufttatsoe  too  Qticckmlber,"  1S54,  Wttrtsbni^, 
§  *'Fhy»,/^  18151,  p.  176, 
U  "  Amer.  Jonm.  of  Metl  Soi./*  0«t,  1&51,  p.  351« 
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the  intestinal  canaL^  which  in  its  turn  Induces  a  state  of  irritation  of  its 
mucous  membrane,  and  a  perversion  of"  ita  Becrefcions:  and  It  is  ODe  of  tlie 
beneficial  reaulta  of  *■  altertitive  *  medicines,  employed  to  remedy  this  con- 
dition^ that,  bj  augmenting  the  secretion  of  bile,  tiiey  tend  to  reproduce  a  state 
of  neutrality  in  the  contents  of  die  alimentary  canal,  Schiff  •  and  Budgef 
liave  shown  thattlie  bUe  produces  eneigetic,  and  indeed  almost  tetanic  ejiasma 
of  the  muscles^  both  voluntary  and  mvoluntary,  when  applied  either  to 
the  tissue  itself  or  to  the  nerves  aupplying  it.  Ita  importance,  therefore, 
in  mauitainiiig  the  perisftaltic  action  of  the  intestine  is  probably  consider- 
able, whilst  by  exciting  ttie  involuntary  muscular  fibre-cells  of  the  vUli 
it  very  probably  materially  aids  the  movement  of  the  chyle  in  the  lacteals. 
Moreover,  the  presence  of  a  proper  quantity  of  bilo  in  the  intestine  seems 
to  promote  the  secreting  action  of  l5ie  intestinal  glandulm ;  tins  apjKjars 
from  the  tendency  to  consti|mtion  which  is  usuiiUy  c^^nsequeiit  upon 
deficiency  of  the  secretion^  and  from  the  diarrhcua  which  proceeds  from 
its  excess ;  and  is  confiTmed  by  the  purgative  properties  wHch  inspissated 
ox^gall  hits  been  found  to  possess, 

97.  Notwithstanding  all  its  uses,  however,  it  must  he  admitted  that 
the  prevention  of  the  discharge  of  bile  into  the  alimentary  canal  is  not 
attended  with  the  deleterious  residts  which  might  have  been  anticifiated 
from  it;  for  it  has  been  found  by  the  experiments  of  Schwann,  Blondlot, 
and  Bernard,  that  if  the  bile-duct  i>e  divided,  and  a  tube  be  inserted  in  it 
in  such  a  manner  as  to  convey -away  the  secretion  through  a  fistulous 
orifice  in  the  abdominal  parietes,  the  animab  thus  treateti  may  live  for 
weeks,  months,  or  even  years,}  although  they  usually  die  at  last  with 
signs  of  inanition.  Of  the  quantity  of  bile  daily  poured  into  the  alimen- 
tary canal  of  Man,  we  have  no  other  mode  of  forming  an  estimate,  than 
by  observing  the  quantity  poured-out  from  the  bilc-diicts  of  animals  in 
such  experiments  as  those  just  cited,  Nasse  and  PlatnerJ  obtained  from 
a  dog  105  grains,  and  Stackman  108  grains  per  diem,  for  ev^y  1  lb,  of 
body -weight.  On  these  dfita  a  man  weighing  154  lbs,  should  form  about 
2^  Ibfl,  of  bile  daily.  Bidder  and  Schmidt  give  a  somewhat  higher  esti- 
mate, viz,  56  oz,  or  3 J  lbs.,  of  which  they  consider  about  5  per  cent,  to 
be  solid  matter, *-- It  appears  from  the  researches  of  numerous  investigators 
that  the  nite  of  secretion  is  by  no  means  unifonn,  Arnold]]  found  that 
it  attained  its  maxim itni  an  hour  or  two  alter  food,  Voit*!"  two  hours 
afber,  KoUiker  and  I^IiiUer  between  the  6th  and  8th  hours,  and  Bidder 
and  Schmidt*^*  about  10  or  12  hours  after  a  full  mejil.^ — As  Dr.  Dal  ton  has 
remarked,  a  distinction  should  be  drawn  between  the  time  at  which  the 
largest  qiiantity  of  bile  is  discharged  into  the  intestine,  and  that  at  which 
liie  secretory  activity  of  the  liver  is  at  its  height.  In  his  own  experi- 
ments, which  app^r  to  have  been  conduobed  with  much  care,  a  oaii 

•  ''Aftihtv  ffir  PhjB.  Heilk,,"  t,  ix.,  p.  60. 

t  "  Fhjsiologie,"  p,  195,  18G1. 

X  Al  tlie  meeting  of  tlie    French  Academy,  June  22,  IS.*^!,   M.   BIundM  gn-re  the" 
hbtotj,  and  ah  a^^coaat  of  the  po^t^aiDrtem  euimiQatioD,  of  a  dog  that  htid  Uved  fivo 
yeari  without  the  paesage  of  aiiy  bile  iota  the  iatesttjial  tube, 

i  BMiitiVa  "Phyibl,"  1S02,  p.  501. 

11  **Zur  FhyB*  dtrGKIle,"  Mannheim,  1854, 

*ll  '^Flijv.  Chmn,  Uatorauohangen/"  Aagshurgi  lS5Tt  p«  41* 

*•  " YerdaauDgBBifte  uad  StoUwechtel,"  5|  114^209, 
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eiderable  qimntily  of  bile  was  djachargod  into  the  intestiiie  soon  after 
feeding,  as  is  shown  in  the  following  table  :* — 


Ttmeftfter 

recdLof. 

QnMititf  of  fluid 
In  15  EuLDUtoi, 

Dry  rcsidoe  of 
the  iaroo. 

Qmntit^of 

bd!«T  matter. 

lYoportioB  of 
bilinry  flutter 
tu  dry  f  widoe. 

Imiuedi&telf 

eiOgrwjiB. 

33  gr&i^. 

lOgrttbfi. 

.30 

1  Hotir 

1090      „ 

105      ,, 

*      »i 

,03 

3     n 

780      „ 

60        , 

*      It 

.07 

6    ,, 

760      ,, 

73     „ 

Si    ,t 

.05 

9     ,, 

SfiO      ,, 

78  ,; 

*      ,1 

,06 

12     ,* 

325      ,, 

23      „ 

3      M 

J3 

15     ,p 

347       r. 

18      u 

*      ., 

.22 

18     „ 

21     n 

384      ,, 

11       M 

1       o 

.0& 

2*     n 

163      „ 

H   . 

81    » 

,34 

25    ,. 

151      n 

5      n 

8     ,t 

.60 

The  secretion  diminishes  conmderably  wlien  food  la  withheld  for  some 
time;  the  quantity  poured- out  after  ten  days*  Btarration  being  only  aboat 
one -eighth  of  what  it  ii  when  at  its  maximiun.  StUl  it  is  obvious,  that 
altjiongh  ita  rate  is  thtis  greatly  intlueDced  by  tlie  stage  of  the  digesfeiYe 
process  (which  is  the  Jess  to  be  wondcred-at,  when  it  ia  TemembeT^  that' 
tlie  Becretion  is  formed  from  blood  that  ia  diarged  with  newly- absorbed 
and  imperfectly-assimilated  matters),  the  excrementitious  character  of 
the  secretion  requires  that  its  eliminatioii  shall  be  constantly  going-on  to 
a  certain  d^jee ;  but  a  receptacle  is  provided  in  Man,  as  in  most  others 
^nong  the  higher  animals  whose  digestion  is  pedbrmed  at  intervals,  faae 
the  atoring-up  of  the  lliiid  until  it  can  be  usefully  employed  in  that  pro- 
ooaa.  The  intestinal  orifice  of  the  ductus  choledochus  is  closed  by  a  sort 
of  sphincter ;  and  the  fluid  secreted  during  the  intervab  of  digestion,  not 
being  propelled  with  a  force  s^ifficient  to  dilate  this^  flows  back  into  the 
gall-bladder,  which  dilatea  to  receive  it.  The  presence  of  food,  smd 
especially  of  the  acid  productsf  of  gastric  digestion,  in  the  duodeQ-om 
886ms  to  excite  the  walls  of  tlie  gall-bladder  and  of  the  bihary  ducts 
(which  contain  a  large  quantity  of  non -striated  muscular  fibre),  to  a  con- 
traction fiufhciently  powerful  to  propel  thdx  contents  into  the  intestine, 
ill  spite  of  the  opposition  of  the  sphincter ;  but  whether  this  takes  phice 
through  a  reflex  action  of  the  nervous  system,  or  through  the  direct 
stimulation  of  the  muscular  coat  of  the  duct  by  the  fiassage  of  ahmentary 
matters  over  ita  orifice,  we  Iiave  at  present  no  means  of  satisfactorily 
det^Tuining,  It  will  be  recollected  tliat  the  gall-bladder  is  usually  found 
distended  with  bile,  in  cases  of  death  from  starvation  (§  59),  notwith- 
standing tlie  diminution  in  the  amount  actually  secreted.  Of  the  bile 
which  is  poured  into  the  intestinal  tube,  by  far  the  greater  proportion 
to  be  re^absorbed  (§  108). 

•  Ditlton,  **PbyB*/*  1861,  p,  174,— The  tlog  asftl  for  these  experiments  weighed 
36 1  lbs. 

t  BcTOflrdand  KUthe  ("  Canstatt'sJahresbeTicht,'*  1861,  p.  131)  found  that  t^ntcbing 
thepointof  entranee  of  the  blliftry  duct  jntt>  the  mtestine  with  &d  alkaline  Hold  hjwi 
little  or  D0  effect,  whilst  brushing  ii  lightly  uver  with  ui  acid  solutlitn  Immedi&telj 
1  &  discharge  of  Mle  to  take  pltK^e. 
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9S.  Besides  the  biliary  and  pancreatie  Becretione,  there  m  poured  inb 

th^  iipper  part  of  the  Intestijml 
Fig,  17-  canal  a  ihiid  secreted  in  its  own 

waJb,  whicli  has  received  tli^^H 
designation  ofSu  ecus  En  te ric  i/«^H 
It  eeeme  not  improbable  that  ' 
the  secretion  of  Ui  is  fluid  luay 
be  the  fouclion  of  tlie  Glands 
of  Brunner,  which  are  emaU 
raceinoBe  clusters  of  foUiclcs 
(Fig.  17),  imbedded  in  tlie 
walls  of  tik^  duodenum,  extend- 
mg  also  to  the  commencement 
of  the  j ej unum.  The  Intestinal 
juice  ajipears,  from  the  re- 
searchea  of  B  idd  er  andSchni  idt,* 
to  be  a  colotirlesB  viecid  liquid, 
invariably  alkaline  in  its  reac- 
tion, and  containing  from  3  to 
3 1  per  cent  of  solid  matter. 
The  total  amount  daily  secreted  in  Man  is  estimatefl  by  these  experi- 
menters at  about  7  o;c. ;  the  rate  of  its  secretion  seems  to  be  most  rapid 
five  or  six  hours  after  a  meal ;  and  its  quantity  is  considerably  increased 
shortly  ailcr  the  ingestion  of  Huid,  and  tliis  without  any  diminution  in  the 
projHjrtion  of  its  solid  constituents.  The  properties  of  this  secretion  are 
extremely  remarkable ;  for  according  to  the  results  obtained  by  Bidder 
and  Schmidt  and  tlieir  pupil  Zander  (which  are  now  admitted  by  Leh- 
mann),  it  exerts  a  solvent  action  on  albuminous  bodies  scarcely  inferior 
to  that  of  the  gastric  juice,  and  a  power  of  converting  starch  into  sugar 
which  is  scarcely  less  than  that  of  saliva  or  pancreatic  fluid.- — In  an  ex- 
periment of  Frerichs,  referred  to  by  Donders^f  a  loop  of  intestine  was 
ligatured  and  reintroduced  into  the  abdomen-  After  a  few  hours  it  waa 
found  to  contain  a  tenacioua  alkaline  mucus,  in  which  no  albumen  was 
present,  as  neither  Alcohol,  Tannic  Acid,  nor  Metallic  Salts  occasioned 
any  precijjitat^,  Busch,  who  obtained  an  analogous  fluid  directly  from 
the  hiunan  sttlyect  in  health,  found  it  to  <X!ntain  5*47  per  cent  of  solid 
residue ;  and  though  small  in  quantity,  it  was  capable  of  being  consider- 
ably increased  liy  mechanical  irritation, 

9y,  The  fluid  of  the  Small  Intestines,  wliich  is  compound®!  by  the 
intermixture  of  thi  biliary  and  pancreatic  secretions  with  the  salivary 
and  gastric  fluidsj  and  with  the  secretion  of  the  intestinal  glandul®, 
appears  to  possess  tJie  very  peculiar  power  of  dissolving,  or  of  reducing  to 
an  absorbable  condition,  alinaentary  substances  of  every  class;  thus 
possessing  mor«  of  the  character  of  a  *  universal  solvent/  than  eitliCT*  of 
these  secretions  has  in  its  sejiarate  state.  It  completes  the  conversion  of 
starchy  into  saccharine  matter ;  and  thus  enables  the  former  to  supply 
the  blcHjd  with  an  imporUmt  pdmlum  for  tlie  comhustive  process,  which 
is  at  otice  absorbed  into  the  blood-vesee3s.     It  emtiMfies  the  oleaginous 

•  Op.  tih^  §g  260^*232;  ud  LehiDAaa's  *' Phjiiolpgiecbea  Oi€mi«,"  2a(i  Edit, 
l^ad  li.,  pp.  95—99. 

t  **fhjs.*'1860,  p.  23T. 
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matter,  and  thus  renders  it  capable  of  being  introduced  into  the  lacteals. 
And  it  not  only  restores  to  the  state  of  solution  those  albuminous  com- 
pounds which  may  have  been  precipitated  by  the  addition  of  bile  to  the 
product  of  gastric  digestion;  but  it  also   exerts  a  powerful  solvent 
influence  upon  albuminous  substances  which  have  not  been  submitted  to 
the  previous  agency  of  the  gastric  fluid  (as  has  been  shown  by  experi- 
mentally introducing  pieces  of  meat,  through  a  fistulous  orifice,  directly 
into  the  duodenum),  and  it  thus  completes  the  solvent  process  which  had 
been  very  &r  from  perfected  in  the  stomach.*     In  Busch's  interesting 
case,  in  which  the  contents  of  the  stomach  and  duodenum  were  completely 
prevented  by  a  fistulous  opening  from  entering  the  small  intestine,  it  was 
clearly  determined  by  accurate  chemical  analysis  of  the  faeces,  as  well  as 
indicated  by  the  great  improvenient  in  the  health  which  resulted  from 
introducing  food  into  the  lower  part  of  the.  intestine,  that  the  fluids 
secreted  by  the  jejimum,   ilemn  and  large  intestine  were  capable  of 
dissolving  albimien  (though  with  the  evolution  of  a  putre&ctive  odour, 
probably  due  to  the  absence  of  the  bile)  and  of  converting  starch  into 
sugar.     There  seemed,  however,  to  be  little  or  no  emulsifying  power 
exerted  on  the  fiits,  which  were  also  but  very  slightly  absorbed,  the 
greater  part  reappearing  in  the  fieces.     In  this  case  the  woman  lived  for 
six  weeks,  previous  to  her  coming  under  the  care  of  M.  Busch,  upon  the 
absorption  which  had  taken  place  in  the  stomach  and  duodenum.     A 
great  portion  of  the  products  of  digestion  flowed  ofl*  by  the  fistulous 
orifice,  and  she  had  become  much  emaciated.     The  treatment  adopted 
was  the  reintroduction  of  this  discharged  fluid  into  the  lower  orifice  of 
the  fistulous  opening,  and  she  rapidly  regained  her  health  and  strength. 
What  is  the  precise  share,  however,  of  the  various  secretions,  in  producing 
this  composite  result,  cannot  be  stated  with  any  degree  of  certainty. — ^It 
is  obvious  that  the  amoimt  of  each  kind  of  alimentary  substance  that  can 
be  thus  prepared  for  absorption  in  a  given  time,  will  vaiy  with  the 
amount  of  the  secretion  by  whose  agency  this  preparation  is  specially 
afi*ected ;  and  as  there  are  many  indications  that  liie  quantity  of  each 
that  is  taken-up  in  absorption  is  limited,  and  that  it  bears  a  relation  to 
the  wants  of  the  system,  it  is  probable  that  the  amoimt  of  the  solvent  or 
reducing  fluid  secreted  by  each  glandular  apparatus,  is  regulated  (as  we 
have  seen  it  to  be  in  the  case  of  the  gastric  juice  (§  87)  by  the  demand 
set-up  by  the  nutrient  operations,  rather  than  by  tibe  amount  of  alimen- 
tary matter  that  is  waiting  to  be  digested. — ^The  processes  of  digestion 
and  conversion  are  probably  continued  during  the  entire  transit  of  the 
alimentary  matter  along  the  small  intestine,  and  at  the  same  time  the 
products  of  that  conversion  are  gradually  being  withdrawn  by  absorbent 
action ;  bo  that,  by  the  time  it  reaches  the  csecum,  the  undigested  residue 
contains  little  else  than  the  innutritious  or  insoluble  components  of  the 
food,  together  with  the  excrementitious  portion  of  the  bile  and  of  other 
secretions.     Up  to  this  time  the  contents  of  the  canal  appear  to  possess  an 
acid  reaction ;  for  in  an  old  person,  with  an  artificial  anus  opening  into  the 
lower  part  of  the  ileum,   examined  by   Dr.   Braun,f  the  chyme  was 

*  See  the  •ceoant  of  M.  CI.  Bernftrd's  reseftrches  in  the  *'  Amer.  Joam.  of  Med.  Sd.," 
Oct.  1851,  p.  866;  Zander,  *'De  Sacoo  Enterioo,"  inang.  diss.,  Dorpat,  1850;  and 
Pzeriolia,  art.  Verdawungf  in  "Wagner's  Handwdrierbncb,"  band  ilL 

t  '*AichiT.  G«n.  de  M6decine,"  1861,  p.  610. 
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Btill  acid  J  tbough  the  raucoios  membrane  was  alkaline  to  test-paper. 
In  tiie  caecum,  liowever,  the  acidily  eeems  to  become  still  more  marked, 
at  least  in  the  Ilerbivora,  owing  to  the  Ibrmation  oi"  lactic  a*.4d  from  tlie 
starchy  materials  of  the  ibod;*  but  in  Camivora,  according  to  Bernard,f  tlie 
contents  of  the  crecimi  are  alkaKne,  owing  to  nitrogenous  icmientation. 
That  digestion  will  still  take  place,  though  imf>erfectly ,  in  die  large  intestine  ~ 
is  shown  by  the  obserrations  of  Stainhaxiser  J  upon  a  woman  who  had  ; 
artificial  anus  communicating  with  the  large  intestine-  When  food  was 
introduced  into  the  lower  part  of  the  bowel,  it  was  for  the  most  part  dis- 
charged unaltered ;  but  albiuaien  was  to  some  extent  dbsolved,  either H^  as 
Bloiiillot  conceivesj  from  the  presence  of  lactic  acid,  or  possibly  from  that  of 
butyric  and  acetic  acifls,  This  fact  is  of  importance,  as  showing  llie  mode 
in  which  iujections  of  nutrient  substaiiceB  per  anum  act  in  prolonging 
life  in  cases  where  the  passage  of  food  along  tlie  npper  part  of  the 
intestinal  tube  la  interrupted. 

lt}0.  The  Intestinal  ttibe  is  furnished,  tlnt)ughout  ita  entire  length, 
with  innunjerablc  simple  open  glandiila?,  the  *  foUiclea  of  Lieberkiihn ; ' 
these  are  straight  narrow  casca,  standing  side  by  side,  with  very  little 
intervening  substance  (except  where  the  Peyerian  bodies  lie  amongst 
them),  and  corresponding  in  lengtli  witli  the  thickness  of  tlie  mucous 
membrane.  Their  orifices  are  seen  in  the  interspaces  between  the  villi, 
where  they  are  so  closely  set-together  as  to  seem  like  tlie  apertures  of  a 
aieve ;  arid  they  are  arranged  in  rings  around  the  Peyerian  glanduke. 
The  precise  nature  of  their  secretion  is  unknown ;  and  it  seems 
not  improhablo  that  notwithstanding  the  close  resemblance  which 
they  bear  to  one  another  irf  anatomical  characters,  tJiere  may  be  some 
variety  of  frmction  among  them. 

101.  The  mi  digested  residue  of  the  food,  mingleil  with  tlio  products  of 
secretion  that  have  been  poured  into  the  alimentary  cimal,  gradually 
acquires,  In  the  large  intostinoj  the  ordinary  consistency  of  Faeces,  tlirotigh 
the  continuance  of  the  absorbent  prooeK,  whereby  the  su|>erfitioug  fluid 
is  removed*  The  condition  of  tJiis  residue  has  been  jmrticularly  studied 
by  Dr.  Hawitsf  and  Dr,  Marcet*5  By  the  former  observer,  muscular  fibres 
are  stated  to  bo  almost  entirely  dissolved,  especially  in  the  fiesh  of  fish  and 
bares,  though  less  rapidly  in  that  of  poultry  and  other  animals,  only  a 
few  fragments  remaining.  Dr,  Marcet,  however,  found  muscular  fibres, 
exhibiting  clearly  their  well-marked  structure,  almost  coustantly  pre^sent 
and  in  considerable  quantities ;  aiid  he  is  inclined  to  believe  that  when 
meat  is  daily  taken,  only  the  juices  are  extracted,  the  fibres  themselves 
undergoing  but  little  digestive  action.  The  cells  of  cartilage  and  fibro- 
cartilago,   the  fibres  of  elastic  tissue,!  and  &tly  matter,  are  frequently 

*  Bloodlot,  '^Traitd  ftdolTtique  de  la  Dtgeatit>D,?*  p,  103, 

t  *'  Liqukls  of  the  Organiaoi,"  p.  30,  186&* 

t  Qnntetl  iri  Milno-Kdwj^rds,  vuL  vii.  p,  136,  IS 62* 

§   '*M^.  TimeB  and  Gai.."  July  SI.  1858. 

[|  It  has  beep  piiiated  out  to  the  Autlior  by  his  friend  Mr.  Quekett,  tlmt  elaatic  fibres 
aro  QccaalonBlly  to  bu  mct-with  m  the  HuEnan  fa>coa,  ivliich  pr^iietit  aa  appearajiD«  of 
bmDHverw  diYiaioti  {probably  resaltmg  from  IncipieDt  decompositioii)  olo9e]:y  rcAembling 
that  which  in  tLormal  id  the  iigajaeiitum  iiuoh^  of  the  Qh'aSe,  So  cLiHtuiefcir  iudeed,  doea 
the  tmiisTCTse  divUiOQ  then  become,  Uiat  Uieee  fibres,  when  peouliarly  nbaotkut  (an 
ihfij  nre  Ui  tlie  frcoes  of  persona  who  hart?  for  somo  time  h&m  liritig  upon  mutton-chypa, 
and  hAve  not  pat  aside  the  segment  of  the  iiorta  which  each  chop  includes)*  h&re 
Actually  beca  mistakeo  for  a  Coul'^rvoid  growth  is  the  ffeoea. 
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fotmd  unchanged  in  the  fmea ;  mod  cryatala  of  cholcsterm  may  usually  be 
obtained,  especiaUy  after  the  use  of  pork- fat* — ^^Aa  retgaitls  ve^eiubie  sub- 
Stances,  Dr.  Rawitz  states  that  ho  frequently  found  large  quantities  of  oell- 
membranea  imchnnged  in  the  faeces ;  also  starch-ceUs  (which  were  rarely 
Been  by  Dr.  Marcet)^  deprived  of  only  part  of  their  contents.  The  green 
colouring  principle,  chlorophyll,  was  usually  unclianged.  The  walls  of 
the  sap-veseeb  and  spiral  vessels  were  quite  unaltered  by  the  digestiyo 
fluidj  and  were  usually  found  in  large  quantities  in  the  fasces ;  their  con^ 
tents,  probably,  were  removed."* — Besides  the  undigested  residue  of  the 
food,  the  microscope  enables  us  to  recognize  the  brown  coIouriug-Baatter 
of  the  bile,  epithelium-ceUa  and  mucus-corpuscles,  and  various  saline 
particle  fispecially  those  of  the  ammoniaco-magnesian  pbosphatejf  whose 
crystals  are  well-defined ;  moat  of  which  are  derived  from  the  seeretions, 
— The  quantity  of  ikcal  discharge  which  is  daily  passed  by  an  adult 
Beema  to  vary  from  2  to  10  oz,  Dr*  Edward  Smith  fouud  the  average 
weight  in  prisoners  at  the  Coldbath  Fields  Prison  to  be  8*55  oz. 
These  men  were  fed  upon  a  full  dietary  with  brown  breud,  and  the  pro- 
portion of  the  feces  to  the  solid  food  was  as  1 :  4-5.  Severe  labour 
on  the  treadmill  was  found  to  diminish  the  quantity  of  fsoceSj  whilst  the 
rest  of  Sunday  occasioned  a  considerable  increase.  The  proportion  of 
water  was  very  unilbrm,  vix.  75^5  per  cent;  and  an  average  of  41-8 
grains  of  nitrogen  was  daily  eliminated  from  tlie  system  by  this 
cbannel.}  Of  the  dry  fseces,  from  23  to  31*5  per  cent  (the  jiroportion  being 
highest  when  an  abunditnt  meat  diet  has  been  consumed)  consists  of  an 
Inorganic  ash;  the  composition  of  which  is  stated  by  Enderlin5  to  be  as 
follows : — 

AllcBlmocyond«m^d^Iptuite».     ....  J  l^^H  Soluble  b  wnt^r. 

Pkoa^hntu  of  lims  aftd  moffnma     .     ,     ,     .  80*372  \ 

SalpLaieoflime ^,53^  V  Iiu»luble  in  wmter. 

Silica 7-940 1 

The  potash  generally  predominates  greatly  over  the  soda,  but  especially 
when  the  diet  has  chiefly  consisted  of  muscular  flesh.  The  reaction  of  the 
Fseces  is  usually  acid,  but  aometimes  neutral  or  alkaline.  The  study  of  the 
oompomtion  of  the  Organic  portion  of  the  Faeces  is  attended  with  so  much 
difliculty  and  unpleasantness^  that  it  has  hitherto  been  scarcely  proaecuted 
systematically.  According  to  the  recent  inquiries  of  Dr.  Marcet^l]  healthy 
Human  excramej>£s  contain,— L  A  j>eculiar  substance  crystallizing  in 
acicular,  silky,  Ibur-sided  prisms  usually  grouped  into  stell^,  not  sub- 
ject to  spontaaeous  decomposition,  possessing  feeble  affinities,  fusing  at 

*  Quoted  from  Dr.  Kirkea'  "  Phjeiology."  See  also  the  Memoir  of  Dr.  E*wit2, 
"Oberdie  KiufacLan  NahrttiigstmtteV  Breslau,  1&46  ;  and  tha  Analjaiji  of  Wehatrg 
And  Ihriug**  Iimugaral  Theaea  in  **  Brit*  and  For.  Med»-Cliir.  E^Tiew,'*-  toI,  iit,  p*  528. 

t  Ci^rtalft  of  thift  Bait  sometime*  wour  in  perfectly  normmi  fmcm  ;  and  in  those  oaoei 
in  which  the  secreted  fluids  and  the  e*iDteijii  of  the  intettiiifl  iiBftd%  undergo  deoom* 
position,  OS  in  typlm^»  cholera,  &nd  <^rtain  forms  of  djseatei^,  thef  are  found  in  Uifo 
nitmben  and  of  considerable  stxe. 

^Smitliand  Milner,  *llep.  on  the  Influence  of  Prk,  Djscip*'  "Syd-  80C  Tesr-Book, /* 
lasi,  p.  83. 

§  *'  Ann.  dcr  Cbem.  nnd  Pharm.,*-  1814.  Porter  in  do*,  t.  UxL,  and  FkiBchmmin  in 
»*Fog8Bnd©rirfl  Aniuden/'  1840. 

II  *'Pivc«<Hlin^  of  tho  Hoj^al  Societj,**  Juna  15^  ISMj  &Dd  Harcb  12,  13^7. 
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abcut  203*  F»,  containing  SuJpbur,  and  liaviiig  a  eomposition  expressed 
Uy  tlie  formiila  C^Hj^^^O^;  this  be  proposes  to  call  Bxcretine. 
2.  Stearic  and  Margaric  Acids  in  cozubioation  with  hashes.  3.  A  cqIout- 
ing  matter  similar  to  tliat  of  blood  and  iirine.  4.  Pancreatina  or  an 
analogous  form  of  albiunen.  6.  An  acid  olive-coloured  substance  of  a 
fetty  natm-e,  tenned  Ej^cretoUc  acid,  which  ia  probably  tmited  in  fbces 
with  Excretine  or  a  baaic  ffubstance  closely  allied  to  it.  Neither  butyric 
nor  lactic  acid  could  be  discovered  in  healthy  Human  excrement  j 
altliough  the  former  preaenta  itself  in  the  excrements  of  Camivoroua^i 
Mammalia,  which  contfiin  also  a  substance  allied  is  ite  nature  to  e%cfetin^^H 
but  not  identical  with  it.  ^^ 

102.  Planer*  has  recently  examined  the  Gases  developed  in  the 
alimentary  canal  of  Dogs  ailer  different  kinds  of  food,  and  in  Man 
afber  death*  The  gas  contained  in  the  stomach  consists  chiefly  of 
air  swallowed  with  the  food,  and  was  usually  small  in  qiiautity. 
Tb©  Oxygen  soon  disappeared.  In  the  small  intestines,  Carbonic 
Acid  and  Hydrogen  are  developed  in  nearly  equal  proportionT  whether 
the  diet  be  Animal  or  Vegetable.  The  experimeuta  of  Pasteur f 
afford  some  explanation  of  their  appeanmc«,  at  least  in  Herbivora, 
by  showing  tJiat  with  the  development  of  numerous  infusory  animal  - 
cul®  in  the  intestines,  Starch  and  Sugar  are  converted  into  Lactic  and 
Butyric  Ac  ids,  and  tliat  with  the  development  of  the  latter  there  is  an 
evolution  of  Carbonic  Acid  and  Hydrogen:  thiis — one  equivalent  of  Sugar 
Ci,Hi,Oi,  =  (C,H^t\)  H0  +  4C0,  +  ^H.  In  the  large  intestine  Carbonic 
Acid  is  chiefly  present,  but  is  mingled  with  Sulphuretted  Hydrogen  (ailer 
Animal  diet),  and  iJ*  the  food  have  been  long  retained  in  the  body,  with 
Carburet  ted  Hydrogen  (C^H^).  It  is  more  than  doubtful  whether  Gases 
can  be  disengaged  from  the  blood,  and  excreted  or  secreted  into  the 
intestines,  as  Msigendie  eupixjued ;  but  there  seems  no  reason  to  doubt 
that  if  gas  were  already  developed,  exchange,  according  to  the  ordinary 
laws  of  diffusion,  might  lake  place  between  it  and  the  gases  of  the  blood. 
In  a  dog  which  had  been  fed  for  6  days  Ott  pure  Animal  diet,  and  was 
killed  5  hours  allor  a  mcal^  he  found — 
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In  another  dog  fed  with  Bread  for  8  days,  there  was  only  sufficient  gM^ 
for  aoalyaia  in  the  amaU  intestine  \  it  consisted  of — 


CO,. 
38 -TS 


Ruge^  has  carefully  examined  the  Gases  of  the  largo  intestine  in  the 
Human  subject  after  different  kinds  of  food,  and  finds  their  composition 
tolerably  constant, — Nitrogen  Gas  prejionderatiiig  after  the  use  of  flesh, 

*  H^lo  mi  BCfiissa^r'a  *'  Benekt  far  1300, **  p.  274* 

^  '^Aniialee  de  Cbimi^,^^  1858|  p*  404  H  #rg. ;  *^Compt^  Eendna  de  TAcad^inid 
dfiiScienoea,*'  1860,  p.  S49, 

t  '*B<ittr%e  zur  Kenntiiisti  der  Darm  GasoSitstuigBbaneht  d.  k,  Akml.  d«  Wiaseu- 
aoiukftea'*  (Wiea),  1862,  p.  729. 
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Hytlrogen  after  milk^  and  Carburetted  Hydrogen  after  Vegetable  (Legumi- 
nous)  diet.  Though  the  gases  were  fiometimea  offensive^  they  never  pave 
more  thmi  a  truce  of  Sulphuretted  Hydrogeu*  The  IbllQwii^  table  luclud^ 
hia  chief  remilta : — 

Composition  of  ike  Gmti  of  the  lat-ge  intmtim  after  the  nse 
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103.  Of  rfie  degrees  in  wMch  the  BiJe,  as  a  whole,  nornmllj  enters  into 
the  composition  of  the  fo&ces,  it  is  difficult  to  speak  with  precision-  I  la 
principal  cor^stitiients  can  lie  efisDy  recognized  in  the  upjoer  part  of  the 
small  intestine ;  but  the  iiirther  we  descend  in  the  intestinal  canal,  tba 
lesB  of  them  do  we  meet- with;  and  in  the  contents  of  the  large  inteetinej 
and  in  the  evsicuated  fbces,  they  are  seldom  to  be  discovered.  How  far 
this  result  depends  upon  dieir  removal  from  the  alimentary  canal  by  re- 
abaorption,  and  how  &r  upon  the  loss  of  their  characteristic  properties  by 
deeorapoaition,  cannot  be  stated  with  certainty.  That  tlie  eolonring- 
inatter  of  the  fbcea  is  in  great  part  derived  from  the  bile,  is  ahoT-vn  by  their 
piilenesa  when  that  secretion  is  not  duly  poured  into  the  intestinal  tnbe. 
And  it  is  probable  ttiat  Uie  pecidiar  fatty  substances  just  d^cribed,  are 
products  of  tlie  metamorphosis  of  ita  oleaginous  and  resinous  matters. 
The  similarity  which  hna  been  found  to  exist  between  the  odour  of  certain 
components  of  putrefying  bile,  and  that  of  fieces^  has  led  Prof  Valentin 
fe3  suppose  timt  the  matter  wliicli  gives  to  the  latter  their  characteristic 
amell,  is  entirely  derivetl  from  decomposing  bile.  We  sliall  presently  iee, 
however,  that  otlier  sources  of  tliis  matter  probably  exist  (^  104);  and 
the  recent  researches  of  Bidder  and  Schmidt  uj?on  the  anioimt  of  tulphur 
in  the  ikees,  appear  to  show  diat  not  above  one-eighth  of  the  solid  matter 
of  the  bile  is  normally  excreted  under  this  form.  The  indications  of  the 
presence  of  bile  are  more  distinct*  however,  when  the  f©eea  have  remained 
for  only  a  short  time  in  the  laige  intestine,  and  when  there  haa  con- 
aequendy  been  leea  time  for  its  re-absorption.  In  fiecal  dificharges 
which  result  from  the  action  of  mercurials,  large  quantitiea  of  biliary 
matter  may  be  detected,  very  Little  changed. 

104.  Although  it  cannot  be  stated  witii  certainty,  what  is  the  precise 
portion  of  the  Glandular  apparatus  connected  with  the  Intestin^d  canalj 
which  is  concernetl  in  the  elitnination  of  that  peculiarly  putrescent 
matter  which  gives  to  tJie  fcEces  their  characteristic  odour,  yet  it  may  be 
stated  almost  witli  certainty,  timt  this  matter  m  not  derived  from  the 
decomposition  of  the  undigested  residue  of  the  food.     For,  in  the  first 
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pla€e^  this  residue  consists  of  matters  whose  very  inaptitude  for  under- 
going chemical  change  is  the  source  of  their  indigestibility  :  and  it  is 
Bcarcelj  possihlCi  tlierefore,  to  imagine  that  in  bo  short  a  period  they 
should  acquire  a  character  bo  peculiarly  offenave.  But  further,  we 
observe  that  feeeal  matter  is  still  discharged,  even  in  considerable  quan- 
tities, long  ailer  the  iutestlnal  tube  has  been  completely  emptied  of  its 
alimetitary  contents.  We  see  this  in  the  course  of  matiy  diseases,  wheu 
food  is  not  taken  for  several  daya^  during  which  time  the  bowels  have 
been  completely  emptied  of  their  previous  contents  by  repeated  evacu^ 
ations.  Sometimes  a  copious  flux  of  putrescent  matter  continuea  to  take 
place  spontaneously ;  whilst  it  is  often  produced  by  the  agency  of  purga- 
tive medicine.  The  "  colliquative  diarrheal,"  which  Irequently  comes- on 
at  the  close  of  exhausting  diseases,  and  which  usually  precedes  deiith  by 
itarvatioUj  appears  to  depend,  not  so  much  upon  a  disordered  state  of 
the  secreting  organs  themselves,  as  iipon  the  general  disintegration  of 
the  solids  of  the  body,  which  calls  them  into  extraordinary  activity  for 
the  purpose  of  separating  the  decomposing  matter  which  has  accumulated 
in  it  to  a  most  miusual  amount  (§  60J.— These  views  (which  have  long 
been  taught  by  the  Author)  derive  a  remarkable  confirmatioii  irom  the 
experiments  of  Prof*  Liebig  on  the  production  of  artilieial  ficcal  matter. 
For  he  has  ascertained  that  il'  albuminous  or  gelatinous  compounds  be 
heated  with  solid  hydrate  of  potaah,  and  the  heat  be  continued  until  the 
greater  part  or  tlie  whole  of  the  nitrogen  has  been  dissipated  as  ammonia, 
and  hydrogen  begins  to  be  given-off,  the  residue,  when  supersaturated 
with  dilate  sulphuric  acid,  and  distilled,  yields  a  liquid  containing  acetic 
and  butyric  acids,  and  poeseaaing  in  a  very  intense  degree  the  pecnliiU'  and 
characteristic  odour  of  human  feces.  The  odour  varies  according  to  the 
substance  employed ;  and  in  this  way  all  varieties  of  fascal  smell  may  be 
obtained.  As  the  action  of  caustic  potash  at  a  high  temperature  is 
simply  a  limited  or  incomplete  oxidation  or  combustion,  this  curious 
result  confirms  tlie  view  which  bad  been  previously  put- forth  by  Prof, 
Liebig,  that  the  proper  ftecal  matter  is  the  product  of  the  imperfect 
oxidation  which  a  portion  of  the  histogenetic  constituents  of  the  food 
undergo  in  the  course  of  their  retrograde  metamorphosis,  being  com- 
parable to  the  soot  or  lamp-black  of  a  furnace  or  lamp.  It  is  iurther 
urged  by  him,  tliat  the  condition  of  feces  diEers  in  many  pirticulars 
from  that  of  substances  in  a  state  of  fermentation  or  putrefaction  ;  that 
their  peculiar  odour  is  entirely  unlike  any  that  is  generated  by  the 
ordinary  decomposition  of  organic  com  pounds,  whether  azotized  or  noo- 
azotized ;  and  that,  by  contact  with  air,  they  themselves  undergo  a  sort 
of  fermentation  or  putrefaction,  in  which  their  peculiar  fcetor  disappears, 
— a  fact,  as  he  justly  remarks,  which  is  iull  of  significance-*  This  view 
is  of  great  practical  importance ;  for  if  it  be  true  that  the  intestinal 
canal  receives  and  discharges  the  prodncts  of  the  secreting  action  of  a 
glandular  ajiparatus,  whose  special  fimction  is  tlie  elimination  of  certain 
products  of  decomposition  from  the  blood,  the  iacility  with  which  we 
can  stimulate  this  to  increased  action  by  certain  kinds  of  purgative 
medicine,  giv^  us  a  most  valuable  means  of  augmenting  its  depurative 
action.  Seeing,  as  no  observant  Medical  Practitioner  can  avoid  doings 
how  frequently  Nature  herself  employs  this  means  of  eliminating  morbific 

*  3«e  FroJ.  hkhlg\  *'  Animd  QhemiMldrjt**  Brd  edit.  pp.  148— 154. 
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matter  from  the  syBtenij — as  m  shown  hy  the  immeose  rdid*  often  given 
hy  an  attack  of  diarrhtEat — we  may  look  upon  this  apparatnoB  as  one 
which,  like  the  Liver,  the  Kitlrjey,  or  the  iSkin,  may  frequently  with 
propriety  be  etiimilated  by  medicities  tliat  have  a  sfjeckil  action  upon 
it^  and  one  through  which  some  inorbilic  imttters  niuy  be  got  rid  of  more 
oertainly  and  more  BpeedJly  than  through  any  otlier  chauneh — It  ia  not 
intended  by  theae  obsen^ations  to  encourage  the  syateio  of  violent  and 
indiscriminate  pui^tion;  but  to  ahow  that  purgatives,  judiciously 
admintEtered,  otlen  oonetitute  our  best  meana  of  eliminatLng  injurioua 
niattera  &om  the  iystem. 


CHAPTEK  lY. 


OF     ABSORPTION     AND     S  ANGUIFI C  ATION, 

1.  Of  Ahsorption  from  the  Digest ive  Camt^, 

105.  So  long  as  the  Alimentary  matter  remains  in  the  Digestive  cavity, 
however  perfect  may  be  ita  state  of  preparation,  it  is  as  fhr  from  being 
conducive  to  the  nutrition  of  the  system,  as  if  it  were  in  contact  with  the 
external  Burfac«.  It  is  only  when  absorbed  into  the  vesiels,  and  c^uried 
by  the  circulating  current  through  the  very  substance  of  the  boily^  that  it 
becoma'?  capable  of  being  appropriated  hy  its  varioua  tissues  and  organs. 
In  Man,  as  in  noarly  all  Vertebrated  animals,  a  set  of  vessels  is  interposed 
between  the  watls  of  the  intestine  and  the  sanguiferous  system;  for  the 
purpose,  aa  it  would  seem,  of  taking-up  certain  components  of  the  nutri- 
tive matter,  of  which  part  at  legist  are  not  in  a  state  of  perfect  sohition, 
and  of  preparing  tliera  for  being  introduced  into  the  current  of  the  blood. 
These  are  the  Absorbents  of  the  intestinal  walls;  of  which  tiiose  that  are 
foimd,  after  the  per^snnaDce  of  the  digestive  process,  to  contain  the  white 
opalescent  £uld  known  as  '  chyle,*  are  distinguished  as  lactiah ;  while  the 
remainder,  like  the  absorbents  of  the  system  generally,  are  known  as 
iipnphatks.  The  distinction  is  a  purely  artificial  one ;  for  the  '  lacteala ' 
are  the  *  lymphatics*  of  those  parts  of  the  intestinal  walla  widch  thej 
supply,  as  is  shown  by  the  &ct  that,  during  tlie  intervala  of  the  digestive 
process,  they  contain  a  tran^preut  fluid  in  all  respecEa  similar  to  the 
*  lymph  *  of  other  porta.^-The  Absorbents  form  a  minute  plexus  beneath 
the  mucous  lining  of  the  alimentary  canal  along  its  whole  extent ;  but  in 
the  email  intestine  they  ent^  the  villi,  at  the  extremities  of  which,  indeed, 
they  may  be  said  to  commence.  Those  only  are  entitJed  to  the  designa- 
tion of  *  kcteals/  which  originate  from  the  intestinal  canal  below  the  point 
at  which  the  biliary  and  pancreatic  ducts  pour  their  contents  into  it ;  for 
above  that  point,  the  &tty  constituents  of  the  ahmentary  matter  are  not 
in  a  state  of  sufficiently  fine  division  to  enter  them ;  and  the  absorbed 
fluid  is  conaequently  pellucid,  instead  of  poesesmng  the  milky  aspect 
Thus,  then,  we  are  to  consider  the  laefeat  portion  of  the  Absorbent 
system  to  be  that  part  of  it  which  is  specially  adapted,  by  its  prolongation 
into  the  villi,  for  the  reception  of  an  Oleaginous  fluid ;  which  we  shall 
IKreaently  see  to  be  taken- up  from  the  contents  of  the  aJimenfcary  canal, 
and  to  be  prepared  for  entrance  into  tlie  absorbents,  by  the  epitlielium- 
eells  at  the  radical  extremities  of  those  organs  (§  106)* 
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106.  The  Villi  arc  exteniions  of  tJie  mucous  lining  of  the  Infe 
canal,  which  thicklj  beaet  ita  aurikce  from  die  pyloric  orifice  to  the 
cfncum,  that  is,  through  tlie  entire  length  of  the 
Small  Intestine,  to  which  tliey  are  limiled 
in  Man,  They  have  usually  somewhat  the 
form  of  tlie  finger  of  a  glove,  being  sometimas! 
nearly  cylindrical,  sometimes  rather  conical^ 
whilst  they  not  unfreqaently  become  Jlattened 
and  extended  at  the  base,  ao  that  two  or  more 
coalesce.  Their  length  variea  from  l-4th  to 
l-3rd  of  a  liDe,  of  even  more;  and  tlie  broad 
flattened  kinds  are  about  l-6th  to  l-8th  of  a 
line  in  breadth. — ^In  the  upper  part  of  the 
small  intestine,  where  they  are  most  niimerous, 
it  has  been  calculated  by  Krause  that  there  are 
not  lesi  thiui  from  51)  to  0(1  in  u  square  line ;  and 
in  the  lower  part,  from  40  to  70  in  tlieaame  lirea. 
— The  detiiils  of  their  structure  are  of  extreme 
interest  in  reference  to  the  mechanism  of  absorp- 
tion. If  the  plan  pursued  by  Teichinann,  that 
of  injection,  be  adopted,  the  appearances  pre- 
sented are  those  aho^sTi  in  Fig.  19,  20,  and  21,  taken  from  the  beautifiil 
plates  which  accompany  his  work  on  the  Lymphatic  System**    From  the 
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Villi  of  the  Hnnuui  lnt««tlne,  witb 
their  cwpUluj  pleiui  Ltgected. 


^^ 


A.  Villi  or  Ujin,  tthQwiuiT  ihe  bloudHeuclH  ami  ikb  lacUiJila, 

B.  ViDuiofaBhecp, 

*  Lud  vig  Teicbm&tiii,  ^  *  Baa  Sangader  Syat^tu* "  Leipzii,',  1S61, 
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it  appears  tliat  the  lacteala  comnienKj  either  by  a  simple  closed  extremi-tyj 
or  by  a  loop,  though  in  broad  villi  a  network  h  aoiiietimeH  visible.  The 
tube  or  ttibea  oci^upjing  tJie  centre  of*  the  villus  appeiir  to  poeseaa  perfectly 
definite  wallsj  and  are  larger  tlmn  the  numeroua  capillary  blood- vesaela 
which  aujTOiind  and  are  external  to  them.  Their  average  diameter  is 
about  l-*^O0th  or  1-1 000th  of  an  inch  ;  but  they  present  here  and 
there  slight  dilatationa  and  contractions,  ami  at  tbe  Imse  of  the  villus 
terminate  in  a  network  of  lacteal  vessels  immediately  subjacent  to  the 
LieberkilhnDm  follicles  (Fig,  20  b)j  termed  by  Teichmannj  from  the 
closeness  of  the  meshes,  the  Eete  angtistum.  This  ple^cus  communicates 
wiUi  another  possessing  larger  vessels,  which  are  supplied  with  valves, 
are  more  deeply  situated  in  the  fftibmucous  areolar  tisane  (Fig.  20  e), 
and  constitute  tiie  ao-called  Refe  a7nplu7fi.  Besides  the  central  bcteal,  the 
villus  is  composed  of  a  matrix  of  areolar  tissue,*  without  any  intermix- 
ture of  elastic  fibres,  containing  in  its  intersticea  numerous  branched  and 
communicating  cells  with  nuclei,  and  frequently  also  tatp-granules  in  their 
interior.  No  nervous  elements  have  been  tr^iced  into  the  vilb ;  but  a 
lay  ear  of  muscular  fibre- cells  has  been  showTi  by  Kolliker  imd  others  to 
aun'ound  the  lacteal  tubes,  the  contraction  of  vfhich  has  been  frequently 
observed  w^hilst  absorption  is  going  on,  and  has  an  importaiit  influence 
on  the  propulsion  of  the  fluids  contained  within  d:ose  veasola., 

107,  Wben  the  Villi  axe  examined  at  such  a  period  after  a  meal  con- 
taining oleaginous  matters  as  has  sufficed  for  its  partial  digestion,  their 
lactealfi  are  seen  to  be  turgid  with  chyle,  the  extremity  of  each  being  im- 
bedded in  a  collection  of  globides  presenting  an  opalescent  appearance,  and 
giving  to  tlie  end  of  the  villus  a  somewhat  mulberry -like  ibmi.  It  was  sup- 
posed by  Prof,  Cxooflsir^t  by  whom  this  apfjcaranc©  was  first  obsen^ed,  that 
these  globules  were  cells  developed  witMn  thebaaement-membrane  during 
the  act  of  absorption,  from  what  he  considered  to  be  granukr  germs 
visible  in  the  same  situatiou  durlDg  the  interv^als  of  the  process  -,  but  tliere 
can  now  be  little  doubt  that  the  appearance  in  question  is  reiilly  due  to  the 
distension  of  the  cjhndricid  epitliehal  cells  investing  the  villi  with  the 
lacteal  fluid  ;  and  as  it  is  a  matter  of  much  interest  to  examine  and  explain 
the  mode  in  which  absorption  in  this,  its  first  stage,  is  effected,  the 
attention  of  many  observers  has  been  directed  to  the  structiue  of  these 
cylindrical  investing  epithelial  cells;  and  if  the  observations  of  Heiden- 
hain  and  Brucke  be  correct,  our  knowledge  of  the  mode  of  absorption  of 
various  snbstanceSt  and  especially  of  those  of  an  oleaginous  nature,  will  be 
mater  if  Uly  simplified.  According  to  these  investigations,!  the  investing  cells 
of  the  villi  (c^  Fig,  22)  are  of  cylindrical  fonu,  with  a  ciliated  border,  aiid 
are  filled  with  a  clear  sarcode  containing  a  bright  nucleus.  The  cilia  stand 
erect  during  Life,  but  tjuickly  dlsiipjjear  after  death,  being  replaced  by  a  glo- 
bular swelling  projecting  from  the  mouth  of  the  ceU,  occasioned  by  the 
imbibition  of  water-  The  wide  and  free  extremity  of  these  cells  is  sup- 
posed by  some  (Briicke)  to  be  almost  or  completely  patent,  or  closed 
only  by  a  plug  of  saxcode-like    substance,  wh^  Funke  §  and  others 

*  Kolliker,  '<T^1juiuuI  oflTam,  Histok^/*  p.  325. 

+  ■*E<lm.  New  PbiL  Jotirn,,''  JtiJy  1842,  and  *rAaitom.  tiiid  PatkoK  Obtdrr./* 
p.  5—10, 

J  See  HeidenWn  in  "  Moleachott'a  UmtersocbTingeii, "  band  It,  1858,  p.  2BI  ;  und 
Bri&cke  in  bond  yML  13@2,  p^  495  ;  aad  in  **  DeukscJinft.  d.  k.  Akad,  d.  Wiga.  xa 
Wiea,"  b&hd  n.  p.  105,  §  **  Phyaidog^"  IfiflS,  |i,  365. 
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T)ia«?ramisAtia  repmetitidQij  of 
the  Orifdn  uf  the  LAi.'t'Mli  Id  a 
VillujT— ^.  Crtitnl  lActeol  ;/J,  Om. 

munjeatmi^  branelutt;  n,  CQMhI 
colaniTuir  epithelUl  eelli,  tlie  it- 
tadiftl  axtrcmltXefl  wf  whit-Ji  hth 
diTwtljr  ctjnti^aTui  with  Ike  eqti- 


it  to  be  covered  hy  a  ddieate  septum  perforata!  like  a  colnndet 
remely  Bne  canals  or  pores.  The  fsmaU.  and  attached  extremities 
of  these  cells  are  believed  to  be  prolonged  into  the  mterior  of  the  viJli^ 
beeoming  oontintious  with  the  caudate  processes 
of  tb©  corpiiacles  of  the  connective  tissue  (d) 
which  constitutes  the  matrix,  and  which  again 
open,  as  shown  in  Fig.  22,  into  Uie  lacteal  vessel 
(c),  thus  affording  a  direct  moans  of  entrance  for 
the  ^tty  matters  into  the  absorbent  system, 
and  e3cplainiiig  the  occasional  introdtiction  of 
aolid  partidea  into  the  circulating  current.* 

108,  In  regard  to  the  degree  in  which  the 
function  of  Nutritive  Absorption  is  performed 
by  the  Lacteals  and  by  the  Sanguiferous 
system  ra«(peetively,  considerable  difference  of 
opinion  has  prevailed*  When  the  Absorbent 
veaaela  were  first  discovered^  and  their  fUnc- 
tional  importance  was  perceived,  it  was  ima- 
gined that  the  introduction  of  abmentary 
fluid  into  the  vascular  sj^atem  took  place  by 
them  alone.  Such  an  idea,  however^  woizld 
be  altogether  inconsistent  with  the  facts  of 
Comparative  Anatomy ;  f  and  it  ia  completely 
negatived  by  t!ie  results  of  experiment.  For  that 
AbBorption  h  effected  to  a  very  considerable 
amount  by  the  agency  of  the  Blood-vessels,  is  shown  in  the  first  place,  by 
the  readiiieag  with  which  aqueous  fluids  and  even  alcohol  are  taken -up 
from  the  parietes  of  the  Stomach,  and  are  carried  into  the  general  circula- 
tion. Thus  in  a  case  of  extroversion  of  the  bkdder,  observed  by  Mr. 
Erichsen,  J  in  which  the  urinary  secretion  could  be  collected  immediately  on 
its  passing  from  the  kidney,  when  a  solution  of  ferrocyanide  of  potassium 
was  taken  into  the  stomach,  this  salt  was  detected  in  the  urine  in  one 
instance  within  1  minute,  and  in  three  other  instances  within  2^  minutes. 
In  aU  these  cases,  however,  the  stomach  may  be  presumed  to  have  been 

■  Theee  cpiHielrBl  wtla  were  described  hy  MM.  Grnby  and  DelafoDd  (*'  C.  Eeoda^*' 
184S,  1195),  upoflwssing  dLLa  on  Lbdr  fr«e  majpo  ;  bnt  KoUikcT  luid  Piiak^  oooBider^d 
this  Appanmaoe  as  iltusi^ry,  antJ  prodDoed  by  tbe  tbkk  metDbniafi  elaaiag  tbe  ht)&  ex- 
ireroUj  of  tb^  ccH  beitig  XjeHbruted  by  very  delicAte  pores  or  «aiiB]j>[,  wbiii^  alter  detttb 
it  split  up  m  »ttcb  rv  nmaoer  as  to  re^mhle  »  bundle  of  cilia  (KolUker,  "  Mikttt^op^ 
An»t^"  1860,  p.  329),  Balogh,  ftgrwing  with  KolHker  as  to  the  linet  in  questii^n 
bdng  canals,  differed  from  bim  ia  beli^Tiag  tbem  to  tje  not  pre-exists tp  bat  merely 
the  iadicatbna  of  the  paesai^  mside  by  tbe  rootecu]es  of  fnt  in  pcnetrntinpr  the  dt^Iicnte 
lig&oe  occludiai;  tbe  moatb  of  tbe  cell  ("  MoIeBchott's  UnterB."  band  ?ii,  1861,  p,  056.) 
Brittaner  and  Sttioach,  ^n  wbo«H  obeerrntLons  tbe  statezuenis  f^f  Brueke,  Heitleahaiw, 
ujd  otber  later  autbons  aw^  foanded  {Bnettauer  and  Steiiiacb,  **  Sitiungsbericht  d.  k. 
Akiid.  d.  Wissen.  zu  Wbti«"  1357,  band  xxVn.  p.  30S,)  mabtalticd  tbnt  the  apfuit^Dt 
cilia  were  prolongationa  of  the  celicoatent^,  tbe  cells  tlieinseh'es  termiAftting  irlth  a 
Bnaootb  circular  margiD.  Tbey  described  the  cohimnar  arranprnen^  si  broftdflit  and 
moftt  distinct  in  fasting  animalft,  wbiUt  in  cells  filled  with  fat  it  diminishes  to  one-bolf 
or  oofl'third  uf  its  former  breast  tb,  and  the  itrin  dls&ppearj,  bo  tbat  only  a  bright  narrow 
rim  or  border  in  lefL  Laitlj,  Wiegandt  is  stated  iJi  *'  Gaastatt's  Jabreaberiebi'*  for  1862, 
p,  32,  to  riow  tbe  cilia  as  merelj  tbe  optical  expr«8»oii  of  ilrie  or  wriDkh»» 

t  See  **  Priuc.  of  Comp.  Phyi,/'  ch*p.  it. 

t  "  Medical  Gasettc^'^  vqI  xxt^l  p.  S63. 
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empty,  and  the  vaacular  F^stem  in  a  state  of  aptitude  for  absorption ; 
fiiuce  tlie  experiinetita  were  made  either  after  a  long  fast,  or  at  least  four 
hours  after  a  light  tneskL     When,  on  the  other  hand,  the  salt  was  intro- 
duced into  the  stomach  soon  after  the  iogegtion  of  alimentary  ^tubstances, 
a  much  longer  period  elapsed  before  it  could  be  detected  in  the  urine ; 
thuH,  when  a  subatantial  meal  had  been  taken  two  hoizra  pTeviouBly^  the 
interval  was  12  minutes;  when  tea  and  bread-and-butter  had  been  taken 
one  hour  previotisly,  the  interval  was  14  minutes ;  a  similar  meal  having 
been  taken  twenty -four  minutes  previously,  the  interval  was  16  minutes; 
when  only  two  nunutea  had  passed  since  the  conclusion  of  such  a  meal, 
the  interval  was  27  minutes ;  and  wdicn  a  solid  meal  had  been  concluded 
just  before  the  introduction  of  the  salt^  the  interval  was  39  minutes. — 
These  facts  are  of  great  importance,  in  sliowing  the  very  marked  inflti- 
ence  which  the  state  of  the  stomach  exercises  upon  the  abaorption  of 
matters  introduced  into  it.     Not  less  important,  however,  is  the  state  of 
the  vascular  s^stmu  in  regard  to  turgescence  or  emptiness ;  for  it  was 
fotmd  by  Ulagendie,  that  when  he  had  injected  a  considerable  quantity  of 
water  into  the  veins  of  a  dog,  poison  was  absorbed  very  slowly ;  whilst, 
if  he  relieved  the  distension  by  bleeding,  there  was  speedy  evidence  of 
its  entrance  into  the  circulation. — ^The  rapidity  with  which  not  only 
aqueous  but  alcoholic  hquida  introduced  into  the  stomach  may  pass  into 
the  general  circulation,  has  been  shown  by  the  experiments  of  Dr*  Percy;  * 
who  found  that  when  strong  alcohol  was  injected  into  the  stomach  of 
dogs,  the  animals  would  somedines  fall  insensible  to  the  ground  imme- 
diately/ upon  the  completion  of  the  injection,  tlieir  respiratory  and  cardiac 
movements  ceasing  within  two  minutes ;  and  that  on  post-mortem  exami- 
nation in  such  cases,  the  stomach  was  nearly  enipty,  wliilst  the  blood  "was 
highly  charged  with  alcohol ;  thus  rendering  it  almost  certain,  that  not 
merely  the  final  destruction  of  nervous  power,  but  the  immediate  loss  of 
sensibihty,  was  due  to  the  action  of  alcohoUised  blood  upon  tlie  nervous 
centres.^ — Finally,  numea-ous  experiments  have  been  made  by  yarious 
physiologists,  which  have  demonstrated  that  absorption   of  alimentary 
and  other  substances  may  take  place  from  tlie  walls  of  the  Stomach ; 
these  substances  having  been  prevented  fixjm  passing  into  the  intestine, 
by  a  ligature  around  the  pylorus.     Now,  as  the  Abaorbent  system  does 
not  present  that  pecuhar  arrangement  in  the  coats  of  the  stomach,  which 
it  does  in  those  of  the  intestinal  tube,  there  can  be  little  doubt  that  the 
introduction  of  such  substances  into  tlie  system  must  be  effected  chiefly, 
if  not  entirely,  through  the  medium  of  its  sanguiferous  capiHaries. 

109.  That  the  Blood-vessels  of  tlie  Intestinal  tube  largely  participate 
in  the  introduction  of  soluble  alimentary  matter  into  the  ^stem,  has 
been  clearly  proved  by  various  observations  upon  tlie  conBtitution 
of  the  blood  of  the  Mesenteric  veins;  these  having  sliown,  that 
after  the  digestion  of  aJbtiminous  and  farinaceous  or  saccharine  sub- 
stances, albuminoae,  dextrin,  grape- en  gar,  and  lactic  acid,  are  detectible 
in  that  fluid,  whose  usual  composition  is  greatly  altered  by  tiie  presence 
of  these  substances,  as  well  as  by  the  augmented  proportion  of  water 
which  it  contains.     Moreover,  it  is  asserted  by  Bmch,f  that  so  large  a 

*  '*  Kiperimental  Enquiry  concerubg  the  Pwsence  of  Alcoholia  the  Teatridea  of 
ibi  BraiD,''  p.  61. 
t  Siebold  and  Kfilliker's  »  Zeitoclirill,"  Apnl,  185^ 
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quamhy  of  fat  ia  absorbed  into  the  blood- vessels,  that  the  anperficjal 
capiilaiy  network  sometimes  presents  an  opalescent  whiteness.     We  may 

[  eonsider  the  Sanguiferous  vessels,  tlien,  as  affording  the  usizal  chnnnel  bj 
^hich  a  large  part  of  the  nutritive  materials  are  mtroduced  into  the 
system ;  but  these  are  not  allowed  to  pass  into  the  general  current  of  the 
circulation,  until  they  have  been  subjected  to  an  important  assimilating 
procees,  which  it  appears  to  he  one  great  office  of  Uie  Liver  to  perform, 
whereby  they  are  rendered  more  iit  for  the  purposes  they  are  destined  to 
serve  in  the  economy.  Of  this  we  shaU  presently  have  to  speak* — But 
the  absorbent  power  wliieh  the  blood-vessels  of  tlie  Aiiinentary  canal 
2>os3ea3|  ia  not  limited  to  alimentary  substances ;  for  it  is  tiirough  diem 
almost  exclusively,  that  soluble  matters  of  every  other  description  are 
received  into  the  circulation.  This,  which  may  now  be  considered  a 
well- established  fact,  was  first  clearly  aliO'v^Ti  by  the  carefully -conducted 
experimenta  of  MM.  Tiedemann  and  Gmelint*  who  mingled  witli  the 

[Ibod  of  animals  various  substances,  which,  by  their  colour,  odour,  or 
eheniical  properties,  might  be  easily  detected  in  the  Huida  of  tlie  twdy ; 
atler  some  time  the  animal  was  examiued ;  and  the  result  was,  that 
unwjui vocal  traces  oi'  such  substances  were  not  unfrequently  detected  in 

{the  venous  blood  and  in  the  urine,  whilst  it  was  only  in  a  very  few 
instances  that  any  indication  of  them  could  be  discovered  in  the  chyle^ 
The  colouring  matters  employed  were  various  vegetable  substaneesj  such 
as  gamboge,  madder,  and  rhuljarh ;  the  odorous  Bubetaaces  were  camphor, 
musk,  anafcetida,  i&c. ;  while,  in  other  cases,  various  saline  bodies,  such  as 
chloride  of  barium »  acetate  of  lead  and  of  mercury,  and  some  of  the 
prusaiates,  which  might  easily  be  detected  by  chemical  teata,  were  mixed 
with  the  (bod.  The  colouring  mattera,  Jbr  the  most  jjart,  were  carried 
out  of  the  system,  without  being  received  either  into  tJie  veins  or  the 
kcteals ;  the  odorous  siib§tances  were  generally  detecteti  in  the  venous 
blood  and  in  tlie  urine,  but  not  in  the  chyle ;  whilst  of  tlie  sahne 
substances,  many  were  found  in  the  blood  and  in  tlie  urine,  and  a 
very  few  only  in  the  chylc.f  A  simikr  conclusion  might  be  drawn  irom 
the  numerous  instances,  in  which  various  substances  introduced  into  the 
intestines  have  been  detected  in  the  blood,  altliough  the  tlioracic  duct  had 
been  tied ;  but  these  reaidts  are  less  satisfactory,  because,  though  tliere  is 
obably  no  direct  communication  (as  maintained  by  many)  between  tlie 
□teals  and  the  veins  in  the  mesenteric  glands,  the  partitions  which 
separate  their  respective  contents  are  evidently  so  thin,  that  transudation 
may  reajtlily  take  place  tJi rough  them, 

110.  The  process  of  absorption  of  the  Blood-vessels  is  elfected  by  the 
operation  of  forces  of  a  purely  physical  character,  the  chief  phenomena  of 
which  arc  embraced  under  the  general  term  of  Osmosis,  and  wfijch  muy  here 
be  briefly  noticed .     When  two  fluids,  miscible  with  one  another,  are  placed 

^Bn  the  opposite  sides  of  an  animal  membrane  or  other  porous  septum, 
currents  are  generally  estiibUshed  in  opposite  directions,  the  activity  of 
which  is  easentialiy  dependent  upon  the  nature  of  the  septum  and  the 

"  Versoelie  iiber  die  Wege  auf  w^lehen  SubatiniEen  ana  4em  MHgen  und  Dwrakaaal 
'Im  Bint  gclwjgen,"  Heidelberg,  1820. 

+  Colin,  howefer,  oq  eiuiixiiiiiiig  the  fltiid  of  th(j  Thorncfp  rfncr,  rendilf  foiinrJ  lo«1i(]« 
and  F^rrocjr&niiie  of  Fotas^iuui  m  doga,  sheep,  aiid  rineHi  t<>  wh'idi  these  aiilta  had  )>e«it 
ndiaifiister^  eighteen  miaatet  profiously.     ("Bulletin  de  I'Acadimie,'*  %%v\L  p*  &4S.) 
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affinitj  of  the  Huitls  for  one  aiiotlier.  The  iustrument  by  whidi  these 
effects  are  best  shf»wu,  is  term^  an  EndosmometeTj  and  consists  (Fig»  23) 
of  a  tube  b,  wKoste  wide  extremity  is  partially  filled  with  the  fluid  to  b© 
experimented-on|  and  ia  then  immersed  in  a  vesael  of  pure  water  a,  the 
height  of  which  is  accurately  kept  at  the  same  level  as  thjit  to  which  the 
fluid  risea  oriaHs  within  the  tube,  in  order  to  avoid  the  effect  of  unequal 
hydrostatic  pr^aure.  In  the  majority  of  experiments  of  this  mature  the 
membratie  is  capable  of  being  ivetted  by  the  fluids 
on  both  sides,  as  when  water  and  a  solution  of 
some  s;dt  are  employed.  It  is  tlien  fuimd  that  a 
strong  cuiTent  acta  from  the  water  to  the  ealine 
solution,  termed  the  endosmotic  current^  the  energy 
of  which  ia  within  certain  limits  proportional  to 
the  density  of  tlie  solution,*  whUsI  the  amount  of 
water  entering  will,  of  course,  vary  ^\4th  tlie 
extent  of  surface  presented  by  the  membrane.  On 
the  other  hand^  the  water  without  becomes  im- 
pregnated with  a  jiortion  of  the  salt  from  the 
CHtablLBhrnent  of  a  counter  current,  hitherto 
termed  tJie  exosmotic  current,  which  will  continue 
until  the  density  of  the  fluids  oo  the  two 
iides  of  the  membrane  is  equal.  The  ex- 
periments of  Prof.  Graliamj  BrUcke,  and  othersj 
however,  render  it  probable  that  the  passage  of 
two  Jiuid  currents  in  opposite  directions  tlirongh 
the  membrane  is  only  apparent,  and  tLat  the 
phenomena  may  in  reality  be  explained  by  the 
admission  of  only  a  single  current  setting  in- 
wards from  the  pure  water  to  the  saUne  solution^ 
the  apparent  exosmotic  current  being  due  to 
the  particles  of  salt  passing  outwards  by  a  process  of  aoluticm  in  successive 
layers  of  the  piu*e  water  contained  in  the  pores  of  the  membrane  imtil 
the  outer  surface  is  reached,  when  they  immediately  diffuse  into  that 
liquid,  giving  rise  to  the  appeanince  of  a  fluid  ciurent  in  the  opposite 
direction.  The  great  importance  of  the  nature  of  the  septum  and  of  ite 
capacity  for  imbibing  or  for  being  permeated  by  the  liquids,  is  shown  by 
the  lacility  with  which  the  experiment  can  be  arranged  in  such  a  manner 
that  a  aurrent  shall  only  pass  in  one  direction  \  for  if  tlie  mouth  of  the  in- 
Btruraent  be  closed  with  bladder^  and  alcohol  be  placed  within  it,  on  im- 
mersing it  in  water  a  cmrrent  is  immediately  established  from  the  water 
to  the  alcohol,  the  increased  bulk  of  which  can  be  ascertained  by  a  scale 
attached  to  the  upper  part  of  B,  bnt  there  will  be  no  evidence  of  a  counter 
current  passing  from  tlie  alcoljol  to  the  water.  If,  on  tlie  contraiy,  the 
mouth  of  the  instrument  be  closed  with  a  tliin  lamina  of  caoutchouc,  a 

*  It  ifl  cQtiildered  byLieblgi  thnt  tfie  purgative  effecta  of  eonccstrnt^d  saline  HolntianB 
are  to  bo  aoecmjit^  for  on  ibis  principle — tbe  eatablmbment  of  an  <}(Siuollc  current /rom 
iiust^ad  ol  toward i  tbe  drcuktmg  Bjetem,  It  is  dif&cult,  however,  thas  to  account  for 
ail  tbe  plienomenii  of  aalme  purgation  ;  and  th^  Aittbor  greatlj  doubta  Ibe  valid  it j  of 
tbe  explflHAtion.  Some  experitnentfi  performed  by  Aubert  are  &Ibo  str^ngl;  opposed 
to  it,  Tor  be  found  tbn^t  the  injectioa  of  Bolutioni  of  many  of  the  nentral  aalta  into  tbe 
Tein«  produced  active  purging  i  and  bere,  of  course,  tbe  esplftuatioa  suggested  by 
LieNig  Ji  laadmuuble,    (Bet  *'  ZeitKbrifi  fUr  JS^L  Me<L'*  1832,  t.  it.,  p,  225.) 
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rent  soon  seta  &om  the  alcohol  to  the  wat^sr,  and  therefore  in  the  opposite 
"^directic*?!.  We  may  expkin  these  phenomena  by  suppoilng  that  in  the 
former  instance  the  ivater  posaegses  a  superior  attraction  fort£e  membrane^ 
enters  its  pores  by  imbibiaon  and  capillary  attraction,  and  driving  the 
alcohol  before  it,  riches  the  inner  surface  of  the  membrane j  whence  H 
instantly  diffiiaes  into  that  fluid,  partly  in  conssecjuence  of  the  mutnal  re- 
pulaive  force  of  its  own  paiticleB,  and  partly  from  their  affinity  to  those  of 
tlie  alcohol*  In  the  latter  case  the  dcohol  exerU  the  same  ixifluence  by 
virtue  of  its  snperior  affinity  for  the  caoutchouc,  Profeaior  Graham, 
indeed,  considers  diat  the  water  movement  in  osmoaifl  ia  aim  ply  an  affair 
of  hydration  and  dehydration  of  the  substance  of  the  membrane  or  other 
colloid  septum^  and  that  the  diffusion  of  the  saline  solution  placed  within 
tlie  osmometer  has  little  or  nothing  to  do  with  the  osmotic  result  oUier- 
wise  tlian  as  it  aflfecta  the  state  of  hydration  of  tlie  septum** 

11 L  It  is  not  absohitely  neocBsary  that  the  septum  ahoulJ  be  of  asoHd 
nature,  since  the  same  phenomena  are  observed,  where^aa  in  L' He naiite^s  ex- 
periment,! a  layer  of  water  constitutes  ^^  diapliragm,  being  made  to  separata 
a  subjacent  aad  heavier  layer  of  chloroform  from  a  superjacent  and  lighter 
byer  of  ether.  The  water  is  impermeable  to  chloroform,  but  p^erm cable 
to  etJier^  which  therefore  gradually  penetrates  di rough  the  water  to  the 
chloroform,  aad  from  ita  affinity  for  the  latter,  immediately  difihiBes  into 

Fig.  24. 


it^  ultimately,  in  opposition  to  the  fore©  of  gravity,  entirely  dlaappearing 
from  the  surface  of  the  water.  The  importance  of  the  miscibility  of  the 
fluids  ia  clearly  showB  by  the  complete  absence  of  currents  which  occurs 
when  the  fluida  on  the  opposite  sides  of  tho  septum  have  no  affinity  ibr 
one  another,  as  in  the  caac  of  oil  and  water,  or  of  water  and  chloroform. 
But  even  when  such  affinity  really  exists,  and  when,  as  is  usually  the 
eaae  in  the  animal  body^,  there  is  more  or  less  tendency  in  the  fluids 
on  the  opposite  aides  of  the  septum  to  diffuse  into  one  another,  many 

*  For  a  theory  which  b  m  e!o»e  woordaace  witli  thi^  tee  Bnclihdmer  (Beitrag*), 
*•  Afchiv  r  PhjB,  Heilk.,"  IMZ,  t.  xM 
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drcumstances  may  mteriere  to  modify  the  force  and  direction  of  the 
osmotic  currents  b^itles  tUoae  alreaiiy  noticed.  AmoDgst  tliese  may  b^ 
meutioiied  temperature,*  pressure,  electricity,f  tlie  specific  L^t  of  tbo 
tluidfl^J  the  process  of  evaporation,  tbe  previous  impreguatioii  of  the  mem- 
brane with  acids  §  or  alkalies,  ||  and  lastly,  one  which  m  in  conatant  opera- 
tion in  the  Eving  bcKly,  viz.,  die  movement  of  one  of  the  Huids^  the  ^fifects 
of  which  may  be  clearly  exhibited  by  means  of  an  apjiaratus  ^asentiaJly 
the  same  aa  that  conacructed  by  Dr.  RobinBonj  and  shown  in  Fig.  24,  where 
B  is  a  vessel  containing  coloured  iluid ;  c  a  piece  of  intestine  attached  to 
the  stopcock  of  B  on  the  one  hand,  and  to  a  siphon  on  the  other,  and 
immcrsjed  in  a  vessel  of  water  A*  If  the  siphon  be  of  smaller  diameter 
tlian  tlie  ]3ortion  d'  intestme  c,  as  in  the  figure,  the  fluid  will  discharge 
itj^Jf  with  difficultjr,  the  intestine  will  become  tight,  and  an  effusion  of 
the  coloured  fluid  into  the  puro  water  contained  in  the  vessel  a  will 
become  apparent ;  but  if  the  diameter  of  the  siphon  be  greater  than  that 
of  the  intestine  attached  to  it^  the  discharge  of  the  fluid  will  take  place 
easily,  the  membranous  tube  will  become  tiaccid^  and  a  rapid  process  of 
absorption  of  tlie  water  or  of  any  saline  solution  in  a  will  occiir^lf  In 
a  recent  paper  hy  Professor  Graham, ••  of  great  interest  in  reference 
to  the  phenomena  w^e  are  no^v  discussing,  that  chemist  shows  that  some 
substances,  as  the  salts  of  tJie  metals,  generally  pass  through  porous 
septa  with  faciUty  ;  and  these  and  all  substances  so  diffnaing  th  era  selves 
he  proposes  to  call  crystalloids;  whilst  others,  aa  alumina,  liydrated 
silicic  acidf  gum,  dextrin,  gelatin,  albuminous  substances,  &c.,  pass 
witJi  ^eat  difficulty,  or  not  at  all.  These  he  denominates  *^  colloids  J  ^fj* 
The  latter  are  characterised  by  possessLog  feeble  chemical  reactions ;  by 
diffusing  very  slowly  in  water  5  by  having  so  weak  an  affinity  for  that 
hquid,  that  they  are  easily  precipitated  from  their  solution ;  by  being 
miahle  to  ptiss  through  (by  means  of  diffusiou)  any  colloidal  septum  ; 
by  their  consequent  insipid  taste,  since  they  probably  never  reach  the 
sentient  extremities  of  the  gustatory  nerves ;  and  by  their  high  equivalent 
numbers,  unstable  nature,  and  ready  passage  into  decomposition.  The 
crystalloidsi,  on  the  other  hand,  present  characters  which  are  precisely 
the  reverse. 

112.  There  seemfl  to  be  no  reason  for  doubting  that  the  absorption  of 
the  various  nutritive  and  alimentary  materials  takes  place  according  to 
the  ordinary  rules  of  Osmosis ;  tor  on  the  one  hand  is  the  aliment  always 
more  or  less  ^)erlectly  reduced  to  the  liquid  ^te,  tlie  density  of  which  ia 
generally  lesa  than  tliat  of  tlie  blood,  in  consequence  of  the  very  copious 
discharge  of  aqueous  fluid  into  the  alimentary  canal  during  the  operation 
of  digestion  ;  and  on  the  otlier  is  the  blood  or  lymph  in  rapid  movement, 
possessing  a  liigh  specific  gravity,  and  at  a  temperatiire  of  99**  or  100'  F. ; 
wlnist  between  them  is  the  septum,  of  immense  extent  and  great  tenuity, 
formed  by  the  mucous  membrane  and  tlie  walls  of  the  blood  or  lymph 

•  Eckhard,  *'BeHrlig^"  1858,  p.  95. 

+  Brooke  in  "CKjldrng  Biid^s  Nat.  FblK"  1800,  p,  24. 

t  B6d*rd,  "  Physio logie,'^  1862,  p.  170. 

S  Hari^F,  *' Ar<?liiv  f.  Phys.  Heilk.,"  1866,  t.  xr, 

H  WifltinglmaseUr  **  DiBBert.,"  Dorpat,  1S51- 
H  EobinflOD,  *'  Contributiona  to  Pby«iology,**  1857,  p.  9K 
•*  **Traiia.  Royal  80c.,*'  1861,  part  L 
ft  led  wood,  'Bkl^ftk,'  '*Fh&tiii  joTini/'  Ap.  1852, 
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vieesels ;  the  tendency  is*  tberefore,  in  accordance  witb  the  ikcta  already 
Btftted,  Id  ti^vour  of  the  passage  of  the  aHment  from  the  inCeatinal  tract 
towardii  the  circulatbg  fluldi.*  As  regards  such  substancea  as  albumeDp 
gum,  and  gelatine,  which  belong  to  the  **■  colloid  ^*  d&m  of  substances, 
and  therefore  tranBude  with  extreme  difficulty,  it  appeara  at  lirst  sight 
diificuJt  to  explain  how  thej  pasa  throngh  the  inteatioal  mucous  mem- 
brane.f  Tlie  experiments  of  Funke,  however^  show  Umt  the  act  of 
digestion  essentially  ejects  a  conversion  of  the  **  colloid  **  group  into  the 
"  cryatalloid ;"  for  that  as  soon  as  the  albuminous  substances  introduced  into 
the  Btomach  have  undeigone  the  modtfication  into  peptones,  tliey  have 
acquired  the  power  of  traveraing  animal  membmnea  with  comparative 
facility.  As  the  conditiona  for  the  absorption  of  these  substances  are 
alike  present  in  the  stomach  and  inteatinesj  it  ia  probable  that  this  proc^e 
takes  place  through  the  whole  length  of  the  alimentaiy  tube^  though 
chiefly  in  the  iutestine,  as  the  preseuce  of  acids  is  un&vourable  to  its 
active  p^onnouce ;  a  view  which  receives  support  from  the  experiiueny 
of  Buach  $  upon  the  woman  with  a  duodenal  fistula,  in  whom  it  was  found 
tliat  a  considerable  portion  of  the  saccharine,  and  about  one- third  of 
the  albuminous  compounds  taken  as  food,  were  al>florbcd  before  reaching 
the  intestine*  Funke§  observed  also  tliat  wlieri  solutions  of  j)eptone  were 
introduced  and  secured  by  ligature  in  determinate  lengths  of  tlie  intes- 
tines of  living  rabbits,  and  permitted  to  remain  for  two,  four,  and  six 
Jiours,  the  more  concentrated  the  solution,  the  greater  was  the  activity 
witli  which  the  abiorption  was  accompUshed  in  a  giveo  time ;  but  that  a 
remarkable  difference  occurred  from  what  might  have  been  anticipated, 
where  a  definite  quantity  of  the  solution  of  peptone  was  presented  to 
double  the  extent  of  surface,  very  little  more  being  then  absorbed,  or  at 
least  notliing  like  double  the  amount  in  tlie  same  time.  lie  further 
found  tliat  the  amovint  absorbed  in  the  living  animal  by  no  means  stands 
ill  direct  relation  to  the  duration  of  the  experiment,  the  process  taking 
place  with  iar  more  energy  during  the  first  hour  than  aubaequendy  5  and 
the  same  facts  were  also  observed  in  experiments  upon  the  absorption 
of  sugar  made  by  Becker.  || 

1 1 3.  The  difficulty  which  formerly  existed  in  regard  to  tlie  absorption 

*  Some  eiceptiooiil  iaBtniie^  hin^e  not  yet  receiTed  foil  explaimtion.  Tha«,  the  poiaoo 
fif  the  MiFpeat,  and  the  Auteru^n  poiiioD,  WoorAra,  bare  long  been  ktiowD  to  b«  hariuli!i«s 
wheDiwAliow^ ;  »ad  tble  km  r^centlj  been  shown  by  Beroajd  tobedue,  DotAvwaafurmerly 
Vttppowd  to  the  deoamp^xBitiou  of  the  puboQ  by  Ihe  Giutnc  Juice,  bat  to  the  eircorrifit^iioe 
ihjLt  it  vUl  not  pau  through  the  luacoua  membrane  of  the  stomiLch  or  ioteatiAe  untflsi 
introduced  Id  very  Urgo  qiioiitities.  la  like  miumar  M.  Ikciault  has  nmd^  the  ottrioiu 
obflervation  that  the  fleab  of  onimiLfa  which  h&Todied  of  tnaiignsknt  pai$tuie»  the  rirtiB  ixf 
l(l&adera,  v^nd  some  other  animal  poiaone,  can  bt  latrDdncc<l  into  the  atonioch  of  l>ogB, 
Pi^  and  Fowls,  without  propagating  the  ditesM^  vhibt  th^y  &re  refidity  absorbed  by  the 
mvmrn  membraae  of  the  iiuat,  bbuep,  aud  Horae.  (*'  Hec  de  Mod.  Vdi^Hn./'  15^1, 
jcxTui-  ^  873.) 

t  Hlalhe  (*'Ohimie  appliqaie  &  Ia  Fhytiologie^^  1S56,)  bfoke  the  she]]  from  the  end 
of  aaei;^  luring  ibe  membf&ne  intnet,  and  immeraed  it  in  waUsr.  After  5  houn  tu 
hod  Increaaed  in  weight  upwards  of  3d  giminfl,  And  the  muc&hniiie  wa&  ttgtit  and  promi- 
aent.  The  wat«r  in  which  tii€  ^g  bftd  been  uamenied  became  alkali ue  (rum  ilie  exQitmoEte 
of  the  nlti,  but  no  albumen  hod  escAped*  80  dmJiam  and  Eckb^rd  ('*  BeittiLge/'  bimd 
iii«  p.  51  and  35,  1S62,)  etate  that  in  AnftliogQat  experiaicnts  with  iolutiobi  of  go  10  ni? 
eKQBiDQftiii  of  th&t  flabatance  oocujred. 

*  "  ArohiT  L  Path.  An.  ond  I'bysiotogie/'  1S5S,  band  117*  p.  UQ. 
5  '^Fbyaiologie,"  4tbEdit.,  18fl3,  p.  357, 

II  <*ZdtoQhjift  f,  wLa,  Zotilogie,*'  1864^  t.  r.,  p,  137  et  le^. 
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of  fatty  bodies  into  the  absorbent  veaelSf  amce  these  traversa  moi»t 
animal  ntembTaneB  witli  great  difficulty^  is  in  some  meaanre  set  aside  by 
the  obscTvationB  of  MM.  lleiderdiain  and  Brlteke  already  detailedj  tbowgh 
there  are  still  some  points  which  have  not  received  explamition.*  Their 
entrunce  into  the  blood-vmseh  may  be  aided,  as  B^clard"]"  mipposea,  by  the 
direct  pressure  of  tlic  musctilar  coats  of  the  intestines;  for,  though  great 
force  ia  requisite  to  drive  oil  through  the  entire  thickneas  of  the  walls  of 
the  small  inteatiiie,  a  much  slighter  one  wiU  suffice  to  impel  it  through 
the  delicate  structure  of  the  mucous  membrane  alone,  esj>eclaOy  if  the 
oil  be  finely  dividetl  or  emulaiorii^ed :  the  yolk  of  eg^,  for  instance^  mingled 
with  two  or  tluee  times  its  weight  of  water,  traversing  such  a  membrajie 
at  a  temp,  of  iO€°  F.|  and  imder  a  low  pressure  with  great  eaee;  though 
in  other  experiments  made  by  M.  Morin  |  nmch  difficulty  was  exf*eri- 
enced  with  milk,  on  account  of  the  much  larger  size  of  the  moleculeta  of 
oil  contained  in  that  fluid.  It  ii  certain,  moreover,  that  tiie  presence  of  a 
weak  solution  of  soda  or  potash  in  the  pores  of  the  membrane,  which 
effects  a  Bajjoniti cation  of  the  oil,  materially  ikcilitates  its  passage  ;§  and 
Wifitiiighausen  and  Hoffmann  j{  have  observ^'ed  that  the  force  requisite  to 
drive  oil  tJirough  an  animal  membrane  is  materialJy  diminiBhcd  by  first 
impregnating  tlie  latter  with  bile ;  an  important  observation  in  referenee 
to  the  phenomena  of  the  absorption  of  these  substances  by  the  blood- vessek^ 
since  it  renders  It  probible  that,  as  in  the  case  of  the  albimiinoias  com- 
pountb,  it  is  in  the  small  intestine  chiefly,  the  surface  of  which  ia  rendered 
alkaline  by  its  own  secretion  and  by  the  fluids  discharged  by  tlie  Liver 
and  Pancrea^s  that  the  absorption  of  fat  is  accomplished.^ 

114,  It  is  a  very  rcmarkabie  fact,  which  has  recently  been  fully  aub- 
stantiated,  tliat  not  merely  floluble  matters,  but  insoluble  substances  in  a 
atate  of  minute  division,  may  find  their  way  firom  the  idimentary  canal 
into  the  current  of  t^ie  circulation.  Thus  it  was  found  by  Oesterlen  •• 
that  particlefl  of  finely-divided  charcoal^  introduced  into  the  alimeataty 
canal,  could  be  distinguished  in  the  blood  of  the  mesenteric  veins;  and 
similar  results  have  beeu  obtained  by  Eberhard,  and  by  Mensoaides  and 
Donders,  not  only  with  charcoal,  but  also  with  sidphur  and  even  with 
starch,  the  latter  subatauce  being  at  once  detectible  in  the  blood  by  the 
iodine- teaL  There  can  be  little  doubt  that  such  substances  enter  the 
lacteal  system,  through  the  epithelial  cells  of  the  vUli ;  as  tlie  presence  of 
paoroaperms  in  the  interior  of  these  has  been  distinctly  perceived  bi 
Kdebs^tt 

*  For  ft  very  foil  and  btereBtiag  crit^quf  apoa  t^t  whole  question  of  tlie  ubaorptidP 
qf  Fftta,  aea  Fumke,  *' FbysioJogip,"  1863,  4th  EJ5t.,  p.  369—372. 

t  ^'PhyBiologie,''  1802,  p.  181.  X  *'  MeEnojreii  de  111  BqcU%€  de  Geneve,"  1854, 

f  Mntteuoev  ^'Lectareaoi^the  fhjn.  Phfiuom.  ofLirlDg  Bdng^^^  P€relr»*&£dit.|P.  111. 

II   **  DiR9ert»  inangnr."  Dorput,  1851* 

^  For  the  bent  nod  most  recent  ju^comit  of  tbe  T&rioiu  pfaenonieiia  of  itDbibitloti,  ^^piJIa- 
rltjr^  osmosli,  and  difasion  of  Uqaidiij  nee  Mtbe  Edwnrdi,  "  Le^oos  sur  In  Fhysialogitr,^' 
Tol  v.,  1859,  ia  which  this  literaturt  of  the  flubject  is  giTea  ia  »  singnliLrl^r  perfect 
niaDri(»r.  SeenlfioProf.  Qmham'aMemoIrB  lothe  ^^Fliih  TranB."  for  ISSOj  1354^  1651,  &e. 

*♦  **Hener'B  Anjhiv,"  1847. 

ft  FiJT  further  information  on  thia  r>^>hjt  the  render  U  referred  to  *^Mole«jhott's  tTn- 
terHochangeD/*  band  iL  p.  llfl  ;  nod  **Wien.  Med.  WuchEOBchrilti'  1854,  p.  SIT. 
**  Uallander  (jnsD^titmoi  dt?  Corp.  fisbd.  e  tnicl,  intesi,/'  3kC.»  Dfirpftti  IS 50.  Tdeh- 
loauii,  ''HaaSaugoderSjatflm/'  ISGI,  p.  lOti.  Fueke,  **LehrbUeh,"  1863,  4tli  edit., 
p,  362  e^  teq.  ;  luid  Kkbe,  la  '^Aroh.  t  Path,  Atmt./*  hnod  ivL,  p.  ISS. 
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2* — Absorption  from  the  Bod^  in  gemraL 

1 15.— Tlje  Mucous  Membrane  of  tlie  alimentary  canal  ie  by  no  meaBa 
tbe  only  cliaiinel  tkrough  which  nutritive  or  other  substances  may  be 
introduced  into  the  circulating  appttratua  from  external  sources.  The 
Lj/mphatic  ^stem  is  present  in  all  animals  which  have  a  lactval  system  \ 
and  the  two^  aa  ab-eady  pointed- out ^  evidently  constitute  one  set  of 
vessels.  The  Lymphatics,  however,  inatcad  of  commencing  on  the  intes- 
tinal  walla,  are  distributed  thTOUgh  most  of  tlie  Tascular  tissues  of  the 
btKiy,  and  especially  in  tbe  Skin  ;  but  their  number  beara  no  proportion 
whatever  to  the  vascular ity  of  tlie  several  tissues,  or  to  the  amount  of 
interstitial  change  which  these  undergo ;  and  it  would  rather  seem  to  be 
related  to  the  amount  of  Connective  tissue  interposed  berweeu  the  other 
constituents  of  the  fabric  (§  121).  Thus  we  tind  the  Nervous  ceutrea 
entirely  destitute  of  tliem,  unless  indeed  they  are  represented  by  the 
lacunar  spaces  filled  with  nucleij  which  have  been  described  by  Kobm* 
as  suiTomiding  the  capillaries ;  and  they  are  very  scanty  in  the  sub- 
stance of  Muscles.  After  passings  like  the  lacteals,  through  a  series  of 
glandular  bodies  (the  precise  natmre  of  which  will  be  presently  consi- 
dered, §  121),  they  empty  their  contents  into  the  same  receptacle  with 
the  lacteals;  and  the  mingled  products  of  both  pass  into  tJie  SanguiJerous 
system -^ — We  find  in  the  Skin,  also,  a  most  copious  distribution  of  capil- 
lary blood- vessels^  tlie  arrangemeut  of  which  is  by  no  means  unlike  that 
of  tbe  blood-vessels  of  the  alimentary  canal ;  and  its  surface  is  fiirther 
extended  by  the  elevations  tliat  form  the  sensory  papiUse,  which  are 
in  many  points  comparable  to  the  intestinal  villi^  although  their  special 
function  is  so  difFerent. 

116.  In  the  lowest  tribes  of  animals,  and  in  the  earliest  condition  of 
tlie  higher,  it  would  seem  as  if  Absorptba  by  the  external  aur/ace  is 
almost  equally  important  to  the  maintenance  of  life,  with  that  which 
takes  place  through  the  internal  reflexion  of  it  forming  the  walla  of  the 
Digestive  cavity*  In  the  adult  condition  of  most  of  the  higher  animaJs, 
however,  tlie  sjiecial  lunction  of  the  intestinal  tract  is  so  much  exalted  as 
usually  to  supersede  tbe  necessity  of  any  other  supply  \  and  the  lunction 
of  tlie  cutaneous  and  pulmonary  surfaces  may  be  considered  as  rather 
that  of  exhalation,  tlian  of  absorption^f  But  there  are  peculiar  conditions 
of  the  ^sbem,  in  which  the  imbibition  of  fiuid  througb  these  surfaces  is 
performed  with  great  activity,  supplying  what  would  otlierwise  be  a  most 
important  deficiency.  It  may  t^ike  place  cither  through  the  direct  appli- 
cation of  Huid  to  the  euriacej  or  even  through  tlie  medium  of  the  atmo- 
sphere, in  which  a  greater  or  less  proportion  of  watery  vapour  is  usuaUy 
dissolved.  Til  is  absorption  occiu-s  most  vigorously,  when  tlie  system  has 
been  drained  of  its  fluid,  eitlier  by  an  excess  of  the  excretions,  or  by  a 
diminution  of  the  regular  supply. 

•  Browtt'Seqaani,  **  Jotirail  d<j  [a  PhyaioL/*  vol.  ii.  TSS9,  p,  537. 

f  We  hftve  «  remnrkabte  exi^ptiDji  to  thii  genenJ  itsteroeot,  hoveTer,  in  the  ca*©  of 
i^rogp  «Dd  othet  Batmchia,  w hich  are  chancterixed  bj  the  ioHaefia  of  their  hIudb  and  tliD 
lilniusM  of  tii^ir  epLdennk  covering  -,  for  cataueoiiB  ftb«orptioD  aeem»  ia  tfaem  to  be  na 

1  actife  tliAD  their  cntaDeoofi  exh&tmlioti  and  reapiratioQ  Are  well  kaonn  to  be,    Tbua 

)gs,  which  habitimU;  Utq  ia  «  mobt  »tixiQBpbere,  letdom  or  oerer  drink  ;  jet  whea 
bej  have  bit  fluid  b;  expof ure  to  hot  dr?  air,  thej  will  regain  their  weight  by  being 
r  left  for  A  time  upoa  moiit  sftod  :  aad  the  bladder,  irhi«h  iertm  m  a  reflervoir  of  waler 
for  cutaoeoiii  exhalation,  though  prsTioualj  emptied,  will  be  refilled. 
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117,  It  ma  J  be  desirable  to  adduce  some  individual  casei,  wliicli  will 
set  tilts  futiction  in  a  Blriking  point  of  view;  and  those  mny  he  first 
noticed,  in  which  the  Absorptioii  took  place  tlirongb  tbe  <^iitact  of  liquids 
with  the  skin*  It  ia  weU  known  that  shipwrecked  aailore  and  othere  who 
are  suffering  from  thirst,  owing  to  the  wmit  of  Jreah  water,  £iid  it  greatly 
alleviated^  or  altogether  relieved,  by  dipping  thoir  clotlies  into  the  sea 
and  [Jutting  them  on  whilst  itiU  wet,  or  by  frequently  immersing  their 
own  bodies.* — ^In  a  case  related  by  Dr,  Currie,  of  a  pttient  labouring 
under  dysphagia  in  its  moat  advanced  singe  (the  introduction  of  uny 
nutriment,  whether  solid  or  fluid,  into  the  stomach ,  having  become 
perfectly  impracticable),  an  attempt  was  made  to  prolong  bis  existence 
by  the  cxliibition  of  nutritive  enemata,  and  by  immersion  of  the  body, 
night  and  morning,  in  a  batli  of  milk  and  water.  During  the  continuance 
of  this  plan,  his  weighty  wliich  had  previously  been  rapidly  dhninishing, 
remained  stAtionary,  although  the  quantity  of  the  excretions  was  in- 
creased. How  much  of  the  absorption,  which  must  have  been  effected 
to  replace  tbe  amount  of  excreted  fluid,  is  to  be  attributed  to  tlio  baths, 
and  how  much  to  the  enemata,  it  ia  not  easy  to  say;  but  it  is  important 
to  remark  that  "  the  thirst,  which  was  troublesome  during  the  first  days 
of  the  pttient's  abstinence,  wiis  abated,  and,  as  he  deckired,  removed,  by 
tbe  tepid  bath,  in  which  he  had  the  most  grateful  Benaiitions."  "  It 
cannot  be  doubted,"  Dr.  Currie  observes,  *■  that  the  discharge  by  stool 
and  perspiration  exceeded  the  weight  of  the  clysters ; "  and  the  loss  by 
the  lurinary  excretion,  wliidi  increased  from  24  oz.  to  36  oz,  under  this 
system,  is  only  to  be  accounted- for  by  the  cutaneous  absorption, f — Dr. 
S.  Smith  mentions  that  a  man,  who  had  lost  nearly  3  lbs.  by  perspiration, 
during  an  liotir  and  a  quarter^s  labour  in  a  very  hot  atmosphere,  regained 
8  oz.  by  immersion  in  a  warm  bath  at  95°,  for  half  an  hour 4 — ^The 
experiments  of  Dr.  Madden^  on  his  own  person  show  that  a  positive 
increase  usually  takes  place  in  tlie  weight  of  the  body,  during  immersion 
in  the  warm  bath,  even  though  there  is  at  the  same  time  a  continual  loss 
of  weight  by  pulmonary  exhalatioii,  and  by  transudation  from  the  akin.|] 
This  increase  wa;9,  in  some  instancea,  as  much  as  5  drachms  in  half  an 
hour ;  whilst  the  loss  of  weight  during  the  previous  half-hour  had  been 
6^  drachms  :  so  that,  ii'  the  same  rate  of  loss  were  continued  in  the  bath, 
the  real  gain  by  abaorptiou  must  have  been  nearly  an  ounce  and  a  half. 
Why  this  gain  was  much  less  than  iu  tlie  cases  just  aUuded-to,  is  at  once 
accounted- for  by  the  fact  that  there  was  no  deficiency,  in  the  latter  case, 
of  the  fluids  naturally  present  in  the  body. 

lid.  There  are  certain  phenomena,  which,  if  accurately  recorded,  can- 
not be  accomited-for  in  any  other  way,  than  by  admitting  that,  imder 
particular  circimjiitimces,  a  considerable  amount  of  water  may  be  absorbed 
from  the  vapour  of  the  iitmospherc.     The  following  ;.re  among  the  most 

*  Seo  »  ooUfrctioQ  of  Bueb  cases  In  Dr»  Maddea^s  "  KxparimeQtal  Bnt^nirj  iato  ttie 
Fhjstology  of  CatmieotiB  Abaorptioti,"  p*  47, 

t**  Medical  Reports,"  toI.  i.  pp.  308— 326. 

+  "  PMloMpby  of  Health,"  toL  ii,  p.  3&fl, 

g  Op.  cit,,  pp.  60—63. 

il  ThfLt  t^art  of  tbe  fuactLon  cif  Cataiieoiu  TraTiiplratioUT  which  coasisti  in  simple  Ex~ 
huLation,  is  of  course  complfitei^  i^hecked  by  aacb  immeraioQ  ;  bat  th^t  wbii^b  ia  the 
ri^ttU  of  an  actual  SccreUag  pn^^eas  ia  tbij  <:iit!ia&i>aa  gland  a  Leo  (cn^p,  xii,  ^«ct.  4)  li 
toBreued  by  beftt^  avua  though  this  be  accompuued  vith  nigistare. 
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gatiH&ctory  and  circtunstaiitial  observations,  that  have  been  adduced  in 
mipport  of  this  position,  Liniag  observed  tbat  Lis  body  on  one  occasion 
increased  in  weigiit^  during  two  hours,  to  the  amount  of  ^^  oz, ;  allowaiice 

li^iig  made  for  the  amouut  of  fluid  ingested  dtiring  that  time,  and  for  the 
quantity  paeeed-oif  by  the  urine  and  by  cutaneous  trajispiration.*  Dr. 
Jurin  Affirms  that  he  ascertained  an  increase  of  ISoz,  to  have  taken  place 
during  a  night  passed  in  a  cool  room,  alter  a  daj^s  exerciaeand  abstinence. f 
It  is  stated  by  Dr,  Watson 4  that  a  lad  at  Newmarket,  having  been  almoBt 
starved,  in  order  that  he  might  be  reduced  to  a  l^roper  weight  for  riding  a 
atch,  waj  weighed  at  9  a.m.,  and  again  at  10  a.m.  ;  and  he  was  found  to 
ave  gained  nearly  30  oz,  in  weight  in  the  course  of  thia  hour,  though  he 
'  only  drunk  half  a  glass  of  ivine  in  the  interim.  A  pmr^el  instance 
\  related  to  tlie  Author  by  the  late  Sir  G.  Hill^  then  Governor  of  Bt* 
riocent ;  a  jockey  had  been  Jbr  some  time  in  training  for  a  race,  in  which 

^"tlist  gentleman  was  much  interested,  and  had  been  reduced  to  the  proper 
weight;  on  the  morning  of  the  trial,  being  much  oppressed  with  thirst, 
he  took  one  cup  of  toa ;  and  shortly  afterwards  hia  weight  was  found  to 
have  increased  6  lbs.,  so  that  he  was  incapacitated  for  riding. — Nearly  the 
whole  of  the  increase  in  the  former  case,  and  at  least  three- fourths  of  it  in 
the  latter,  must  be  attributed  to  absorption  from  the  vaf^our  of  the  atmo- 
sphere; probably,  however^  rather  through  the  lungs  than  through  the 
akin,     l£  the  possibility  of  such  absorption  be  admitted,  we  are  probably 

rto  attribute  to  it  the  chief  part  of  the  exoeas  of  watery  fluid  which  cannot 

^  be  otherwise  accounted  for,  in  the  following  instances, — Dr.  Hill§  relates 
the  case  of  a  diabetic  patient,  who  for  five  weeks  passed  24  lbs.  of  urine 
eveiy  twenty-foiur  hours;  his  ingesta  during  the  mjne  period  amounted  to 
f  2  lbs.  At  the  commencement  of  the  disease,  he  weighed  145  lbs, ;  and 
when  he  died^  27  lbs.  of  loss  had  been  sustained.  The  daily  ^cese  of  the 
excretions  over  the  fluid  ingesta  could  not  have  been  less  than  4  lbs, ; 
making  140  lbs.  for  the  thirty -five  days  during  which  the  complaint  lasted. 
If  from  this  we  deduct  the  amount  of  diminution  which  the  weight  of  the 
body  oustained  during  the  time,  we  shall  still  have  113  lbs.  to  be  accounted 
for,  which  can  only  have  entered  the  body  from  the  atmosphere, — A  case 
of  ovarian  dropsy  has  been  recorded  by  Mr,  Ford,||  in  which  it  was 
observed  that  the  patient,  during  eighteen  days^  drank  692  oz.  or  43  pints 
of  fluid,  and  that  she  discliarged  by  urine  and  paracentesis  1298  oz,  or 
91  pints,  which  leaves  a  balance  of  606  oz.  or  36  pints,  to  be  similarly 
accounted  !br,T 

119.  The  capacity  of  the  Skin  to  ahsotb  saline  or  other  substances  in 
solution,  though  formerly  generally  adjuitted,  has  lately  been  called  in 
question  by  various  obser^^ers.  In  experiments  performed  by  Murray 
Thom^n,**  with  which  those  ofPariaotf  f  andKietzinsky  are  iji  accordance, 

•  "  PUilo«oplii<»l  Ttaniactionii,''  lTi3,  p.  4B6. 

f  Elapp,  "  In»ug,  Diiiert.,"  p,  30,  cited  bj  Dr,  Madden* 

t  **  Chemical  Bn»7«t''  roL  iti.  p.  100, 

f  **  Tmn*,  of  M^.-OhirDrg.  8oc.  of  Bdinl),,*'  toI,  ii- 

If  "Medical  ComiaitiiiicalSona,"  twL  ii,  p*  ISO* 

11  Id  thia  csfle,  boireter,  &ii  la  oihen  of  a  Bimil&r  kind^  somethiDg  ih  to  be  allowed  Ibf 
the  qnaatitjr  of  water  contniued  in  the  aolld  fiK>d  iDgeated  ;  bat  thi§  may  be  fairly  con^ 
ildered  not  to  exceed  the  quantity  lost  by  pulmoaary  and  cotaueons  exlialatioiif  hsxd 
diicharged  %n  the  fncal  eTacnatioiia. 

**  '*  Edin,  M*d,  Joar,,*'  IM%  p.  1017.    tt  "  AwMr.  Gin.  de  Mtd.;'  1863,  p.  S7e, 
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it  was  found  that  no  trace  of  iodine  coidd  be  detected  in  the  morning 
urinei  when  a  bath,  containing  half  an  ounce  of  iodide  of  potaAsiimi 
diasolved  in  60  gallons  of  water  had  been  taken  the  jirevioua  ni^ht  after 
sLx  honra'  abstinence  from  all  ibod.  UotnoQe,  who  haa  puid  much 
attention  to  tliis  subject j*  whilat  admitting  that  pure  water  te  certainly 
absorbedj  and  that  saline  solutions  and  some  organic  mixtures  are  some- 
times decomfwsed  by  the  skin,  apparently  hy  that  tissue  exerting  an 
elective  affinity  for  one  of  tlie  const ituents^  to  the  exclusion  oi'  the  others^ 
yet  states  that  in  many  instances  in  which  he  remained  for  an  honr  or 
more  at  a  time  in  baths  containing  3  oz.  of  cyanide  or  iodide  of  potaasiuin, 
nitrate  of  potash^  or  cidorlde  of  ammonium,  he  was  unable  to  discoveT 
fijiy  trace  of  tJiose  salts  in  the  urines  nor  did  he  perceive  any  physiologiciil 
effect  firom  the  emplQjTneiit  of  baths  in  which  1  lb.  of  belladonna  or  of 
digitalis  leaves  had  previously  been  infused,  M,  Willeminf  and  M. 
Delore,^  on  the  other  hand,  maintain  that  the  healthy  akin  is  capable  of 
abaorbing  not  only  water,  but  small  portions  of  all  substances  soluble  in 
water ;  the  process  of  absorption  varying  under  different  circumstances, 
but  being  favoured  by  a  dehcate  akin,  and  by  exliaustion,  though  it  does 
not  take  place  when  the  skin  ia  actively  perspiring  from  exercise.  The 
occasional  serious  effects  upon  the  nrinajy  organa  of  the  application  of  a 
blister,  the  tinging  of  the  urine  with  madder,  rhubarb,  and  turmeric  after 
bathing  in  iniusions  of  those  substances, §  and  lastly,  tlie  remarkable 
experiment  of  Schreger,  who  found  on  immersing  the  hind  leg  of  a  puppy 
for  24  hours  in  tepid  milk,  aller  having  previously  applied  a  bandage, 
that  the  lymphatics  were  fidl  of  milk,  though  the  veins  contained  none, 
lire  all  favourable  to  the  latter  opinion.  The  process  of  absorption  of 
saline  substances  by  the  akin  ia,  however,  so  irregular  and  imperfect, 
that  the  iatroleptic  plan  of  treatment  will  probably  never  be  extensively 
employed.  When  absorption  does  take  place,  we  should  expect  that  tlie 
absorbed  substances  would  be  more  re:idily  discoverable  in  the  absorbents 
than  in  the  veiaa ;  for  their  imbibition  takes^  place  entirely  according  to  the 
physical  laws  already  mentioned,  in  coidbrmity  with  wliich  they  pasa 
most  readily  into  the  vessela  which  present  the  thinnest  walls  and  the 
largest  surface, 

120.  Our  inferences  with  regard  to  the  ordinary  functions  of  the  Lym- 
phatic system,  howeverj  must  be  ratlier  drawn  from  the  nature  of  the 
Jiuid  which  it  contains,  and  from  the  uses  subsequently  made  of  it,  than 
from  auch  experiments  as  the  preceding.  We  shall  presently  see,  that 
there  is  a  close  correspondencja  in  composition  between  the  Chyle  of  the 
Lacteals,  and  the  Lymph  of  the  Lymphatica  ■,  the  chief  difference  being 
the  presence  of  a  considerable  quantity  of  tatty  matter  in  the  former,  and 
of  a  larger  proportion  of  the  assimilable  substances  (albumen  and  fibrin) 
which  are  equally  characteristic  of  both  (§  123).  This  evident  conformity 
in  the  nature  of  the  fluid  which  these  two  sets  of  vessels  transmit,  joined 
to  the  fact  that  the  fluid  Lymph,  hke  the  Chyle,  is  conveyed  into  tjje 
general  current  of  the  circulation,  juat  before  the  blood  is  again  trans- 
mitted to  the  eyatem  at  large,  almost  inevitably  leads  to  the  inference|J 


•  *  De  rAbflorptitia  par  la  T^gumont  extcnxt,'  ^  *  L* Union  M^dieale,**  1853,  p.  402  f f  *m. 
t*' ArebiT,  Q6a,  de  MR/^  lg63/pp.  6—105—325.  1 1^-,  ^  37fi* 

§  *^  Medie«l  Ctimoiaiiicatious."  v^l.  it.  p.  130. 
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that  the  IjTuph  ia,  like  the  chyle,  a  nutntious  fluids  and  is  not  of  an  ex- 
crementitious  character,  as  maintained  by  Hunter  and  hia  tbUowera.  On 
the  other  hand,  the  close  resemblance  between  the  contents  of  the  Ljrtn- 
phatics  and  diluted  Liquor  Sanguinis  seems  to  indicate  that  the  former 
are  chiefly  derived  from  the  fiuid  portion  of  the  blood,  which  has  transuded 
through  the  walls  of  the  capillary  vessels^  and  haa  permeated  the  tissnesi 
giving  up  to  them  the  materials  required  for  their  nutrition.  And  we  shall 
presently  see  reaaon  to  believe  that  thia  transudation  answers  the  additional 
purpo^  of  flubjecting  die  crude  materials,  which  may  have  been  taken  up 
direct  into  the  blood-vessels^  to  an  elaborating  or  preparatory  agency,  such 
as  it  aeems  to  be  the  especial  object  of  the  Lacteal  system  to  exert  upon  the 
nutritive  substances  which  k  serves  to  introduce  into  the  circulation. — But 
It  seems  not  impoeaible,  that  there  may  be  another  source  tor  the  contents 
of  the  Lymphatics.  We  have  already  had  to  allude,  on  several  oocaaionBj 
to  the  disintegration  which  is  continually  taking-place  within  the  living 
body ;  whether  as  a  result  of  the  limited  duration  of  the  life  of  its  com- 
poneut  parts,  or  as  a  oonsequence  of  the  decomposing  action  of  Oxygen. 
Now  the  death  of  the  tissues  by  no  means  involves  their  inunediate  and 
complete  destruction ;  and  there  seems  no  more  reason  why  an  animal 
should  not  derive  support  from  its  own  dead  parts,  than  front  tlie  dead 
body  of  another  individual.  Whilst,  therefore,  the  matter  which  haa 
undergone  too  complete  a  disintegration  to  be  again  employed  as  nutrient 
material,  is  carried- ofiF  hj  the  excreting  processes,  that  portion  which  is 
capable  of  being  again  assimilated,  may  be  taken  up  by  the  Lymphatic 
system.  If  this  be  the  cajse,  we  may  say  with  Dr*  Proutj  that  **  a  sort  of 
digestion  is  carried' on  in  all  parts  of  the  body," — It  may  be  stated,  then, 
as  a  general  proposition,  ihat  the  function  of  the  Absorbent  System  Is  to 
take-up,  and  to  convey  hack  into  the  circulating  apparatus  in  a  state  of 
higher  elaboration,  such  substances  as  are  capable  of  appropriation  to 
the  nutntwt  process;  whether  these  substances  be  directly  fUmished 
by  the  external  world,  or  be  derived  from  the  disintegration  of 
the  organism  itself*  We  have  seen  that*  in  the  Lacteals,  the  selecting 
power  is  such,  that  these  vessels  are  not  disposed  to  convey  into 
the  system  any  substances  but  such  as  are  destined  for  this  purpose; 
and  that  extraneous  matters  are  absorbed  in  preference  by  the^  mesen- 
teric Blood-vessels.  The  case  is  dilferent^  however,  with  regard  to 
the  Lymphatics ;  for  there  is  reason  to  believe  that  they  are  more  dis- 
posed than  the  venous  capillaries  to  the  absorption  of  other  soluble 
,  matters,  especially  when  these  are  brought  ioto  relation  with  the  skin, 
f  through  which  the  Lymphatic  vessels  are  very  proiiisely  distributed. 


3. — Of  the  Elaboration  &fthe  Nutrient  Materials. — Sanpiijication. 

12  L  The  alimentaiy  substanceBj  iaken-up  by  the  Blood-vessels  and 
Absorbents,  seem  very  far  from  being  capable  of  immediate  application 
to  the  nutrition  of  the  body ;  for  we  find  that  they  are  not  conveyed  by 
any  means  directly  into  the  circulating  current,  but  that  those  which 
enter  the  Gastro-intestinaJ  veins  are  submitted  to  the  operation  of  the 
Liver,  whilst  those  which  are  received  into  the  Lact^ils  are  subjected  to  a 
kind  of  glandular  action  within  their  own  system;  the  newly-absorbed 
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ranterialB  in  both  cases  undergoing oonsidenible  changes,  which  tend  to  assi- 
milate them  to  the  components  of  tlie  Blood. — The  Lymphatic  System 
GonmHlB  of  an  extensive  network  of  vessels  veiy  generally  diBtribtited 
throughout  the  body,  but  present  in  remarkAble  abundance  beneath  the 
Skin  atid  Mucous  membranes.  The  question  of  their  origin  cannot,  as 
yet,  be  regarded  a3  satisiactorilj  determined  ;  Teichmann*  believing  that 
they  commence  in  the  form  of  stellate  cells  (which  appear  to  be  identical 
with  the  connective- tissue  corpuscles),  whose  prolongations  everywhere 
communicate,  forming  &n  irregtilar  kind  of  network ;  whUat  in  a  recent 
and  carefully  drawn  up  Report  by  C.  Ludwig,"]'  of  a  series  of  researches 
undertaken  by  himseli'  and  bis  friends,  Herren  NoU^  Krause,  Schwanda, 
and  Tomsa,  it  is  maintained  that  the  real  origin  of  the  Lyittphatics 
throughout  the  body  ia  in  the  interspaces  of  the  connective  tissuet  the 
lacunar  spaces,  BpHt%  and  fissurea  existing  between  the  fibres  of  which, 
communicate  with  veaaela  which  gradually  assume  a  more  definite  Ibmi, 
and  are  then  supjplied  with  valves.  No  communication  ever  takes  place 
between  tlie  Lymphatic  and  the  Blood-vessels^  except  at  the  fx)int  where 
the  great  trunks  empty  theniBelves  into  the  junction  of  tlje  subclavian  and 
jugular  veins.  It  is  a  peculiarity  of  the  Lymphatics  that  they  do  not 
present  the  same  smooth  and  regular  contoiu",  nor  the  Siime  definite  mode 
of  branching,  that  is  met  with  in  the  Blood- vessels ;  on  the  contrary,  they 
Tua  irregularly,  and  the  walla  of  the  vessels  oflen  present  dilatations  or 
reservoirs  in  their  course,  whilst  the  larger  ve^ek  formed  by  the  reimion 
of  several  smaller  ones  often  Eigain  subdivide  and  reunite.  The  smaller 
vessels  or  Capillary  Lymphatics  are  usually  larger  than  the  corresponding 
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A  icctiDn  at  a  tlmrila  Rute  Mirahile,  viewed  rrom  th<?  ttirfuco.— ri,  n,  aiToKfit  vcM&h  j  6,  h,  offer*! 
T(»i#li,  oMljr  yirliflllj  ti^iblt!,  fraDi  tht  popliteal  ipaee*    (Hanj 

*  Teiclmmnn,  **  Baa  FUug^ler  Syatem/* 

t  In  the   ♦^Mediiinischer  J^lwbucher''  of  A*  Dttohek  And  A.   Sclianwialeint  1303. 
heft  17,  p.  M— 72,  Wien.  ^' 
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capillary  blood -YesseJB^  and  are  lined  by  a  tessekted  epithelioin  (EeckJiag- 
hauaen).  At  certain  parts  of  the  body,  aa  the  bead  of  the  knee  and  elbow, 
and  in  tbe  neck,  the  larger  BtemB  Btiddenly  break  np  into  a  dense  interJacing 
network  of  capilkry  veasels^  moat  distinct  in  young  subjects,  forming  a 
ret£  mirabife,  as  is  slio wn  in  Fig,  25,  This  is  aurrounded  by  condensad 
connectiTe  tissue,  and  is  penetrated  by  blood- vesaels ;  and  is,  bo  to  speak , 
the  first  step  towards  tbe  formation  of  a  lympbatic  gland.  From  tliiJi 
simple  atnicture  we  can  readily  ascend  tlirongh  a  series  of  gland- 
like  organs,  gradually  increasing  in  complexity,  composed  of  seyeral 
of  these  little  retia,  arranged  either  continuously  or  in  groups, 
until  at  length,  by   stepa   of  easy   transition,    we   arrive   at   tbe   com- 

Elex  structure  of  the  true  lymphatic  glands.  These  have  been  most 
iborioufily  investigated  and  excellently  described  by  His,*  Reck- 
I  Hnghausen^f  and  especially  by  TeichmannJ  and  Frey,|  From  their 
investigations  we  learn  that  each  gland  is  invested  by  a  vascular 
sheath  or  capsule  of  condensed  conneotive  tisarue,  which  is  c^ontinuous 
with  tbe  coats  of  the  afferent  and  efferent  vesseK  sending  inwards  a 
tiitinber  of  thin  lamellse,  so  disposed  and  connected  togetlier  as  to  ooneti- 
tnte  a  tolerably  regular  alveolated  iramowork  pervading  the  gland  ^  ex- 

A  Fio.  26.  » 


$«f!tio(t  of  cm«  of  the  »lT«aIi  «f  «  Lrm- 
fieetlon  oTlMmr^He  Ot^md,  »ho*ii««.«t  tkt  pt«He  aiind:  <,  a.  Its  Bbioui  eaTriopf; 

BImHu  tiw™  *bk'h  fornin  iti  eiterior  t  *»  *»  "Jp  *.  fi,  prdm^lkiii  Irm  tbi^  iD|emM.'tbg 

peHkiaJ  nu  lufrraiUa ;  ^.  c.  1»r?ror  iiwofi*  iHtr  arid  sDbdMdiBfr  the  ^  pmf  r*I  cftTitjr ;  c,  *^, 

En  larfkcfl ;  rf,  d,  tfaaHoT  sltttM  of  iho  totettor  j  n  ucIpi  of  1M  flhresS*U» ;  d,  tCfkAntis  flbrc- 

e*  *,  ftbron*  Willi  of  the  wXvaoiiL  cell*- 

ccpting  usually  near  the  centre.  The  septa  thus  formed  contain  in  Man 
and  many  other  animals,  but  especially  in  the  Ruminants,  niuneroiis  mus- 
cular tibre*cella.|j  The  alveoli  are  most  distinct  near  the  surface  of  the 
gbind :  towards  tbe  centre,  in  consequence  of  the  breaking  up  and  irre- 
gular  disposition  of  the  septa,  they  are  not  very  apparent.  The  centre 
of  the  gland  is  occupied  by  the  medullary  substance,  varying  consider* 
ably  in  amount  in  diiferent  instances,  but  always  most  abundant  in  child- 
hood, and  in  the  more  deeply  seated  glands.     Its  relation  to  the  alveoli 

•  **  tJntersocbtiDgen  tvber  den  B*a  der  reyetscben  DrilBeti/'  Leipzig,  1E52. 
+  "Bk  Ljmphg^ksfte/*  Berlin,  1862,  J  **  Dm  Baajrader  System/'  IfiflL 

§  '*  (Tntenocbungen  iiber  die  L}mplnirii«eD  dea  Munscliett,"  Leipal^  1&6L 
il  BrUcke,  EeckliagbAyaec. 
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may  l>eit  be  undarstCKod  by  conceiving  it  to  be  a  plastic  mibstflnce,  ac- 
cmnuJBt^  in  mass  at  the  centra,  and  sending  ont  on  all  gides  prolongations 
of  tbe  mofit  irr^idar  form  and  shape,  whicb  do  nearly,  but  not  cmnpieithf^ 
fill  the  alveoli,  spaces  being  consequently  left  between  the  septa  which 
form  the  alveoli,  and  the  processes  of  medullary  Bubstance  partially  fill- 
ing them.  These  are  termed  by  Frey  the  inveetiDg  spaces  of  iJie  foUicle, 
represented  by  h  in  Fig,  27*  They  are  traversed  by  irregular  fibres,  which 
re&emble  the  Chordas  Williaii,  found  in  the  superior  longitudinal  sinus. 
According  to  Recklinghausen,  they  are  lined  by  epithelium -ceils  of  a 
rounded  polygonal  form,  and  certainly  contain  nimxerous  lymph -coipuscles. 
They  are  directly  continuoiia  witli  the  afferent  and  efferent  vessels, 
and  may  be  fi^Ued  with  injection  propelled  from  either  of  those  seta  of 
tubes;  though,  of  course,  on  account  of  the  valves,  more  readily  through 
the  former  than  the  latter.  The  course  which  l^e  lymph  takea  in  tra- 
versing these  somewhat  lacunar  spaces  around  and  between  the  alveoli »  is 
termed  by  Frey  the  anperficial  lymph-path;  but  his  observations  have 
fiirther  shown  that  the  medullary  Hubstanco  may  bo  regarded  aa  com- 
posed of  a  convoluted  masa  of  branched  and  reticulated  lymphatic  eanala, 
resembling  Fig.  25,  which,  by  their  union  and  coalescence,  form  irregular 
dilatations  and  cavemoua  spaces,  into  the  interior  of  each  of  which  one 
or  more  blood* vessels  penetrate ;  a  space  being  left  between  the  outer  snr^ 
face  of  the  wall  of  the  blood-vessel,  and  the  inner  anrface  of  the  very  del 
cat©  transparent  structure  forming  tJie  wall  of  the  lympliatic  vessel    In 

this  space  great  numbers  of  lyniph-  and 
after  food,  of  chyle-corpuscles,  are  visible.       j 
These     lymph-tubes     communicate   at       I 
numerous  points  with  the  above-men- 
tioned lacunar  spaces^  which  form  the 
superficial  lymph -path;   but   injections 
penetrate  into  diera  with  some  diili<?nlty,       , 
a  grater  pressure,  acting  for  a  longer       | 
time,  being  required  to  Jill  them.     In       ' 
the  interspaces  of  this  system  of  anas- 
tomosing or  branched  cimals,  constitut- 
ing the  medullary  portion  of  the  gland, 
is  interposed  a  quantity  of  connective       I 
tissue,  the  relations  of  which  are  very       ' 
wKtSE^^onJ^*^^^^^^  remarkable.     It  consists  of  a  series  of 

^t^h"^Liciinttrftn>jimerraroin  f^^^  tubes,  which   Open   not  only  into 

iSl  JES^'tbr^j^pcrileial  ijmph-jwth  of  the  lymphatic  tubes  of  the   medullary 
STktaU'''^'™  "J^-^^r^  JSSl^th'  BubBtoice,  but    also  into  the  alveolar 
■cotton  of  ft  biood-TpflBi'i  msT  be  ftem.  In  inveHting  spaces,  by  numerotis  minute 
'^^>^^^X''^tu^^^'tS^.  apertures,  whilst  they  everywhere  inter- J 
ltti#  orniidMm*Tl»s«ii,  wiurJii  ttiaRtituto  communicate  amongst  themselves,  fbrm<^^| 

ing  irregular  dilatations,  sjid  sometmies  T 
cavernous  spaces,  in  which  lymph- corpuscles  are  accumulated,  and  through       I 
xrhich,  as  through  a  diverticulum,  the  lymph  must  slowly  percolate,  con- 
stituting the  deep  or  intcrnttl  lymph- path  of  Frey.     A  simito  connective-       ] 
tissue  network  ia  found  in  the  alveoli,  but  it  Is  much  less  developed,  and 
its  relations  are  much  less  distinct  than  in  the  medullary  jwrtion  of  the 
gland.     It  thua  appears,  that  i^e  lymph  or  chyle  entering  one  of  the 
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[  meaentanc  gknda  passes,  under  ordinary  circimistatiees,  from  tlie  afferent 
to  the  efferent  vessels^  throiigli  tbe  superficial  lymph-path,  that  la,  chiefly 
through  tbe  investing  folJiciiliLr  spaces  arounrl  and  between  the  alveoli  f 
though  partly  also  through  the  lymph-tub^  forniing  the  medullary  por- 
( iicm  of  the  ghmd^  where  it  comes  into  indmate  rebtion  witli  tbe  blood- 
sasels,  and  takes  up  a  certain  proportion  of  lyniph-corpuscJea,  When, 
however ,  the  activity  of  the  gland  is  at  its  height,  as  regards  both  the 
circulation  of  tlie  blood  and  that  of  the  lymph,  as  aHer  food,  the  pressure 
of  the  increased  quantity  of  the  latter  fluid  effects  the  dilatation  of  the 
minute  porea  by  which  the  plexus  of  the  connective- tisstie  corpuBcles 
and  their  prolongationjs  communicate  with  the  medulkzy  tubes  and  adireolar 
inresting  spaces,  thus  permitting  a  slow  percolation  of  the  newly-absorbed 
fluid  through  channels  in  which  lymph -corpuscles  are  abundantly  con* 
tained,  and  effecting  the  first  steps  in  its  assimilation  to  that  fluid,  into 
which  it  m  subsequently  poured^  and  of  which  it  is  obvious  that  it  oon- 
I  adtutes  tJie  pabulum, 

122.  The  whole  of  the  Lacteai  and  Ltftnphatic  system  may  thus  be 
looked-upon  as  constituting  one   great   Aesrmihttin4j  Oiand^  dispersed 
through  the  body  at  large ;  for  it  does  not  differ  in  any  ^sential  parti- 
cular from  what  the  Kidney  or  the  Testis  would  be,  if  it  were  simply 
unravelled,  and  its  convoluted  tubull  spread  through  the  entire  sj^steraj 
yet  still  aU  discharging  their  secreted  products  by  a  common  outlet. 
*  In  the  cold-blooded  Vertebrata,  the  Absorbent  system  appears  to  attain 
i  a  relatively  greater  development  than  it  does  in  the  higher  classes ;  but 
[the  difference  really  lies  in  tlie  greater  extension,  in  the  former,  of  those 
p.gkndular  elements  which  are  more  concentrated  in  the  latter  (8eo  Princ. 
OF  Coifp.  Phts.,  §§  IB4 — 187). — Scattered  tlu-ongh  the  whole  length  of 
the   intestinal   mucous    mem- 
L1>iaoe,  from  the  Stomach  to  the  ^^^'  ^" 

rBectumj  are  certain  peculiar 
bodies,  which  are  known  as 
Pe^ir^A  Glan^^.  These  may 
be  either  ^  solitary'  or  *  agmi- 
nated;'  the  former  being  very 
generally  distributed  through- 
out the  intestinal  canal,  whilst 
^e  latter  are  restricted  to 
the  amaU  intestine,  being  most 
abundant  at  the  lower  part 
of  the  ileiun.  In  whatever 
portion  of  the  canal  they  may 
occur,  they  are  always  limited 
in  sitiifltion  to  that  jiart  of  its 
p^iphery  which  is  opposite 
to  the  mesentery.  Each 
*  Peyerian  gland,*  in  a  healthy 
mucous  membrane,  presents 
the  appearance  of  a  circular, 
white,  slightly- raised  spot,  about  a  line  in  diameter,  over  which  the  mem- 
brane is  usually  less  beset  with  viUi,  and  is  veiy  often  entirely  destitute 
of  iJiem ;  and  it  is  surrounded  by  a  ring  of  openings,  which  are  the  orilices 
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Poiil:on  of  (h&  mucous  iurfmi? or tbi'  end  of  (fai'  llaniin 
UenoL  moderately  m»KTUficid,  ftliowinir  the  P.-yifritta 
Biaikit,  the  orlilfiias  at  the  fttUiulcs^  And  tlie  viiU. 
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of  a  set  of  caecal  foLlicles  disposed  in  a  zone  tixound  it  (Fig.  28),  The 
'  Fey eorian  patclies*  (Fig^,  20,  21  mid  28)  preient  aggr^ations  of  these 
spots,  varyiiig  in  number  from  two  upwards,  but  every  one  of  their 
individual  coinponeniia  having  precisely  the  same  structure  as  the 
solitory  gland.  This  appears,  from  the  researches  of  Brlicke,  KoUiker, 
and  olJiera,  to  be  a  sort  of  capsule,  whose  walls  are  composed  of  indis* 
tinctly-fibrillated  connective  tissue  with  interspersed  nnclei,  and  whose  con- 
tents are  thus  but  imperfectly  differeiitiated  from  the  tissues  in  which  the 
gland  ia  imbedded.  These  contend  are  made-up  of  a  granular  '  plttBma,' 
containing  fatty  and  albuminous  molecules  of  various  sizes,  with  nuclear 
parti cles,  and  a  few  cells;  altogether  presenting  an  iipfjearimce  of  being 
the  seat  of  rapid  changes  of  progressive  metamorpliosis.  Eacli  cnjimile 
is  surrounded  by  a  close  vascular  network ;  and  according  to  the  observa- 


ll«Tf»iit&l  S«ciiftn  ihraqjpli  the  nild41e  plan«  of  three  Pr^frmn  Glandt  Ld  the  BsAitii,  eb 
thu  dlatfibungti  of  th{^  hlci>d-vc»B<jl9  la  the  interior. 

tions  of  Prcy^  which  have  been  confirmed  by  KoOiker,*  capillary  vessels 
pass  freely  into  the  midst  of  its  contents,  and  then  return  by  loops,  as 
shown  in  Fig.  29,     According  to  the  researches  of  Teichmann,f  these 

•   **  MikTfJskopiBclie  Anatomie,"  band  ii.  |  ]7l. 

f  Teicbm&DQ'a  iiiTeitigatiotis  were  obiefly  tuiulii  bj  me^nH  of  iujectioiis  ;  bat  Hk,  who 
exumined  thio  sectioaB  of  the  iatGitlMtJ  mucoiiA  tnembmae  after  merelj  wa&hing  them 
with  water  and  a  cAmel-bHr  bmah  ( ■ '  Onteraucli*  uber  deii  Baa  du  Fejenicb«D  Druaen/* 
Leipzig,  1862,  p.  7),  msmtaiofl  th«  elaborate  system  of  Tossela  deecribed  by  Teiplimaan 
to  m  only  Biilita  or  fissure*  in  tlie  metnbrane  between  tbe  foUioles^  tt^versod  by  fibrouB 
QQfrdl  and  baudg,  and  cont&inijig  blood ^vesa^ls.  At  tbe  same  time  he  agrees  witb  ijie  vi«w 
Ih&t they  aerre  as  cbanDela  for  th e  condacttoa  of  tb e  cbyle.  He  coii«ide re  tJi at  tb e  proper 
iab^nee  of  the  parietea  of  the  rulllcJea  Is  conUrmoiM  with  that  of  the  Tilli  and  subjiioeGt 
portion  of  the  mqcona  metnbrane ;  both  coneasting  cif  a  matm  of  areolar  ttssue  with  ati* 
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bodies  are  ncv^  penetrated  by  any  lacteal  Te&BeI%  though  their  presence 
in  tbe  mucous  membrane  oocaaions  considerable  distiirbance  in  tlie  usual 
arrangement  of  the  lacteal  system.  The  ligiu-es  on  page  111  show  clearly 
the  relations  which  they  hoid  to  the  eiirroimding  Teasek,  together  witli 
the  general  stnicture  of  the  small  (Fig*  20)  and  large  intestine  (Fig.  21), 
In  their  course  through  the  mesentery,  the  Lacteals  pass  into  the  bodies 
known  as  the  Mtienttric  Glands^  which  ^tand  in  the  same  relation 
to  them  that  the  Absorbent  Glands  of  the  body  generally  do  to  the 
Lymphatics, 

120.  Cmaprmtion  and  properties  of  the  Chyk  and  Liptfph. — The  chief 
chemical  difference  between  ihese  fluids  consists  in  the  much  smaller  pro- 
portion of  flohd  matter  in  the  Lymph,  and  in  the  almost  entire  absence  of 
fat,  which  is  an  important  constituent  of  the  Chyle.  Lymph  is,  in  gene- 
ral, a  colourless,  transparent  fluid,  sometimee  yellowish^  and  sometimes 
turbid  or  opalescent,  haying  a  &]nt  odour,  salt  taste,  and  alkaline  re- 
action. Its  chemical  characters,  according  to  Ludwig,  Ynry  considerably 
at  diiferent  periods,  and  eren  in  different  parts  of  the  i^stem  at  the  same 
time;  so  that  of  the  fluids  taken  from  the  two  sides  of  the  neck,  it  will 
sometimes  happen  that  one  will  ceagnlatc  spontaneously ,  whilst  the  other 
remains  fluid.  A  considerable  though  Tarlable  number  of  corpuscles 
and  minute  oil-globules  are  generally  present ;  the  former,  Like  those  of 
tlie  Chyle,  resembling  the  white  corpuscles  of  the  blood,  and  ihe  latter 
being  especially  abundant  afl^r  food.  The  following  table  shows  the 
results  of  some  of  the  most  accurate  analyses  that  have  been  made  upon 
hiiman  Lymph  :* — 


In  1000  PmriM, 

Murehuid 
Colbcrg. 

DwUifVf, 

Nunc, 

Water    .    .     .    •    . 

BoLid  residae  .     .     . 

Fibrin 

Albimieij    .... 

F»t 

Extractires     .     .     . 
SalU 

1* 

n. 

m. 

IT. 

Y. 

039-87 

ao-is 

0-56 
4275 
3*82 
670 
7 '30 

034-77 

0S'23 

0-63 

42  80 

9-20 

4-40 
8*20 

009 '26 
30-74 

fi'20 
4  34 
264 
3-12 
15-14 

057  00 
42-40 

0  37 
34  72 

7^31 

940^00 
60-50 

1-65 

The  Lymph  examined  in  the  analysea  numbered  i,  and  ij.  wiis  ob- 
tained from  tbe  thigh  of  a  healtliy  woman  31*  years  of  age;  that  in 
No.  HI.  from  a  wound  on  the  dorsum  of  the  foot ;  tJiat  in  No.  n\  from 
a  aaccular  dilatation  of  a  Lymph- vessel  of  the  spermatic  cord ;  and  that 

dented  cellB  imbedded  m  it,  uid  q(  capillarie*,  the  latter  being  apftringlj  dtatriUjted  ki  tlj« 
luiliclea,  cauftmg  thetn  to  appear  like  cleur  spncoB  in  fine  fleetioni.  ^  He  aiipliea  the  lemi 
adenaid  ti&iue  Uy  the  tsatrix  of  theftillicdeflir  and  to  the  sdriTriindiiigtissiiJ^f^f  tbe  intestinal 
roiiCNtns  meuibrnno.  The  Liebetklilinmii  Olauda  are  imbttided  in  tbis  adenoid snbfttance, 
and  immediately  external  to  tbism  is  tbe  muscular  hycr(Briii;k«)  of  the  edqcoilb  memhmne. 
He  lioUeves,  laittj,  that  tbe  celb  Imbedded  m  tbe  adeunid  Bubitauoe  become  bt(H}d*ecir- 
pnecLea. 

«  T.  Qanip'Beannej:,  **  Pbjai*>logiBche  Cberaie,"  1862,  p,  S5S. 
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in  No.  V.  from  a  lympKntic  iietuls.  Leucine,  Sugar,  and  Urea  have  "been 
found  in  tlie  Lytnpb  ;  tlie  latter  in  tlie  very  perceptible  proportion  of  0-1 
to  0*2  parte  per  1000  (Wnr^:). 

124.  In  fksting  Bniniak,  the  composition  of  tl>e  C%/e  appeurs  to 
resemble  very  closely  tlmt  of  the  Lymjih,  but  during  digestion  its  quali- 
ties Benably  alter.  The  following  analyses  will  enable  a  com^iarison  to 
be  made  between  the  Chyle  and  Lymph  : — 


IfilOOOPtrtfl. 

Mail. 

Cow. 

Tticintde 

Am, 

B«V. 

Cat 

Owun 
Eeae. 

LMWLTpie. 

SliBtm. 

Owen 

Schmidt. 

Nsue. 

Water 

Solid  reaidtte      .     .     . 

Fibdn     .    .    *    .    • 
All>iiiaea      .    .    <    . 
Fat    .....    . 

RxtFactiTefl  ,    *    .     * 
Saltfl  ...... 

904-8 
95-2  1 

traces 

70-80 

9-20 

10-5 

4-4 

964-40 
35-60 

0-95 
23-0 
0-40 
0-55 
5-70 

92fi-23 
71-57 

0-72 

49 '89 

4-69 

11-42 

902-37 
97'S3 

370 
35-lS 
36  01 
15-65 

7-11 

916*65 
S3 -35 

2-12 
35-75 

33-02 
4-03 
8-39 

9057 

1^30 
4S-90 
82-70 

11-40 

The  small  proportion  which  the  oleaginouB  bear  to  the  albiuninous 
eubataQt'ea  (aa  in  the  case  of  the  lymph),  m  the  first  three  of  the  preceding 
analyses,  is  probably  due  to  the  circumstance  that  in  these  inst^^nces  but 
little  food  had  been  taken  for  some  hours  before  death.  The  characters 
of  the  Chf/le  drawn  from  the  larger  absorbent  trunks,  near  their  entrance 
into  the  Receptaculum  chyli,  are  very  different  from  those  of  tJie  fluid 
first  absorbed  into  the  Lacteais;  for  during  its  passage  through  these 
vessels  and  the  Mesenteric  glanda,  it  undergoes  important  alterations^ 
which  gradually  assimilate  it  to  Blood,  The  chyle  drawn  from  the 
lacteals  that  traverse  the  intestinaJ  walls  contains  Albumen  in  a  state 
of  complete  soliition ;  but  it  is  generally  destitute  of  the  power  of  osaga- 
lation,  no  Fibrin  being  present  in  it.  The  Salta,  also,  are  completely 
dissolved ;  hut  the  Oily  matter  presents  itself  in  the  form  of  globnJes 
of  variable  ske.*  It  is  generally  supposed,  that  the  milky  colour  of  the 
chyle  is  owing  to  these ;  but  Mr.  Gulliver  has  pointed  outf  that  it  is 
reaUy  due  to  an  immense  multitude  of  fer  more  minute  particles,  which 
he  describes  aa  forming  the  violecufar  has€  of  the  chyle.  Theso 
molecules  are  most  abundant  in  ricli,  milky,  opaque  chyle ;  whilst  in 
poorer  chyle,  which  is  semi-transparent,  or  opaline,  the  particles  float 
thinly  or  separately  in  the  transparent  fluidj  and  often  exhibit  the  vivid 
motions  common  to  the  most  minute  moleeules  of  various  substances, 
Such  is  their  minuteness,  that,  even  -mth  the  best  instruments,  it  is 
impossible  to  form  an  exact  appreciation  either  of  their  form  or  their 

*  Thtm  oil  J  globnlefi  &re  more  abundADt  in  th«  Cfajlci  of  Man  and  of  tho  CtLmifOTii 
thftll  in  thAt  of  the  HerliiranL  ;  tlieir  diameter  bos  been  obgenred  to  vary  from  l*25,000Ui 
lo  l*2000th  of  an  locb. 

+  **C?erber'a  General  Anatomj/'  Appendix,  p.  S8  ;  and  **Hewi»n^H  WorW*  (Sjden- 
hum  Society  Edition),  notes  %&  pp.  82-33  ;  atid  College  Lectures  la  ''  Med.  Times  and 
Gautt^;*  1863. 
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dimenflioiis.  They  seem,  however,  to  be  generally  spherical ;  and  their 
diameter  maj  be  estiinated  at  between  l'SG,000th  and  l-24,00r}th  of  an 
inch.  Though  remarkable  for  their  unchangeablenesa,  when  subjected  to 
the  action  of  numerons  re-agents  which  quickly  affect  the  proper  Chyle- 
«!orpiiBclea,  they  are  readily  soluble  in  etherr  tit©  addition  of  which  caueea 
the  whole  molecular  base  instantly  to  disappear,  not  a  particle  of  it 
remaining ;  whence  it  may  be  inferred  tliat  they  consist  of  oily  or  fetty 
matter.  That  they  do  not  ordinarily  tend  to  coalesce  h  pj-obably  due  to 
the  coating  of  aJbujnen  which  they  obtain  through  their  diffusion  in  au 
albuminous  iluitl ;  if^  however^  this  be  dissolved  by  acetic  acid^  or  even 
by  Uie  addition  of  water,  many  of  the  molecules  are  lost  Bight  ai]  and  oil- 
drope  appear  in  tlieir  place*  The  milky  colour  which  Uie  Serum  of  blood 
sometimes  exhibits  in  healthy  atubjects  is  due  to  an  admixture  of  thia 
molecukr  base  with  the  circuhitiiig  fluid. 

125.  During  the  passage  of  the  Chyle  through  the  absorbents  on  the 
intestinal  edge  of  the  mesentery^  towards  the  Meaenteric  GlaudSf  itB  cha- 
racter changes  in  several  important  particulars.  The  presence  of  Fibrin 
begins  to  manifest  itself^  by  the  slight  coa|ruIability  of  the  fluid  when 
withdrawn  from  the  veasels  ;  and  a  few  Chyle-corpusclca  niiike  their 
apjjcarance.  The  diameter  of  these  bodies  varies  from  1 '7110th  to 
1 -2600th  of  an  inch:  tlie  average  being  aboiit  l-4(j00th.  The  enmllest 
among  them  (Fig.  30,  6,  c)  seem  to  be  in  the  condition  of  nuclei ;  in  those 
a  Httie  larger  (c/,  e),  tiie  ce!l-wall  is  beginning  to  be  differentiated  from 
the  nucleus ;  whikt  in  those  of  greatest  diameter  (J]  g,  h^  1'),  tlie  cellular 
character  m  very  distinct,  and  the  nucleus  ijmy  be  plainly  seen  in  tlie 
interior,  especially  after  the  addition  of  a  little  wat^r  or  acetic  acid. 
Tltey  occasionally  exhibit  curious  clianges  of  form  («,  a) ;  in  tliis  respect 
corresponding  with  the  Colourless  corpuscles  of  tlie  blood,  which  are 
probably  the  same  bodies  in  a  more  advanced  stage.  A  great  increase 
in  the  number  of  these  corpuscles  is  apparent  in  the  fluid  of  the  efierent 
lacteals;    and  there   is  sIbo  a 

further    augmentation    in    the  Fio,  30, 

proportion     of    Fibrin, — The 
Chyle  drawn  from  ihe  hctesds 
that    intervene     between     the 
,  Mesenteric  glands  and  the  Re- 
I  ceptaculum,  poesc^es  a  jmlc  red- 
I  dish-yellow  colom^ ;  and,  when 
'  allowed  to  stand  for  a  time,  it 
undergoes  a  regular  coagxxlation^ 
aeparating  into  clot  and  scmnK 
The  former  is  a  consifttent  gela- 
tinous mass,  which,  when  exa- 
mined with  the  microscope,  is 
found  to  include  the  Corpuscles, 
each  of  them  surrounded  by  a 
delicate  film  of  oil ;  the  Fibrin 
I  of  which  it  is  principally  com- 
jKJsed  differs  remarkably  from   that  of  tlie  Blood  in  its  inferior  tendency 
to  putrefaction;  whence  it  may  be  inferred  that  it  lia^  not  yet  undergone 
its  complete  vitalizatiou.     The  serum  contains  the  Albumen  and  Salts  in 
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C^jfU-ewpmaetm  tn  fttioni  pliueft :— a,  a,  itell»to  farm 
Ktecm^imally  tam  allereKspa  of  their  i^ontenlB'^  h,  4^,  free 
nuelcJ  ^  (^f  a  ducIvub  Atirrcmnd«l  ti^  ft  few  ffratitiln  i  rf,  #, 
tmallceLLi,  tome  witbdUtJnt>t  Diu-kai;//^!  Iftrg«r  ccllff 
one  with  ft  t^laiblc  U{lJell^a»  |  k,  iiniUKr  ctsll  ftlter  ftddlnon 
of  wftter  -,  t|  itmlUr  vt\l  tXiar  addltJiUO  of  ftoetiu  udH, 
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solution,  and  a  proportion  of  t}je  Corpuscles  suspended  in  it.  It  is 
curionB^  lioweyer,  tliat  considerable  diflbrences  in  the  perfectioB  of  the 
coagulation,  and  in  its  dimition,  should  present  thenieelves  in  different 
experimeittg.  Sometirnea  the  chyle  sets  into  a  jelly-like  niass,  which,  with- 
otit  any  sejiiinition  into  coaguluni  and  serum,  liquefies  again  at  tlie  end  of 
balf  an  hour,  and  remains  in  this  state.  This  change  takes  plaee  in  the 
tme  oo^ulum  also,  if  it  be  kept  moiat  for  a  sufficieiit  length  of  tiiiio, — 
The  Chyle  from  the  Eeceptaculum  and  Tlioracic  duct  coagulates  quickly, 
often  almost  infitantaneoualy  j  and  lew  or  none  of  the  corpuscles  remain 
in  the  serum.  The  Huid  drawn  from  the  Tlioracic  duct,  and  from  the 
Absorbent  vesflels  which  empty  their  contents  into  it,  is  Irequently  ob- 
seryed  to  present  a  decided  red  tinge,  which  increases  on  exposure  to  tlje 
air.  This  tinge  appears  to  be  due  tft  the  presence  of  Ked  blood- 
oorpusclei  in  an  eiirly  stage  of  formation.*  The  ordinary  corpumiles, 
moreover,  have  a  more  distinctly  celluiar  character  than  have  tlioae  of 
the  chyle  and  lymph,  and  they  are  of  larger  size,  their  diameter  usually 
ranging  from  about  l-2600tli  to  1 -2900th  of  an  inch;  in  these  parti- 
cuk^  they  correspond  with  the  Coloiirless  corpuscles  of  tlie  Blood; 
m  also  in  the  change  they  exhibit  on  the  action  of  acetic  acid,  which 
brings  into  view  tliree  or  four  large  central  particles. 

12(j.  From  the  observations  made  by  Bidder  and  Schmidt jf  on  the 
quantity  of  Huid  discharged  from  the  thoracic  ducts  of  dogs  and  cats  im- 
mediately atler  death ^  it  is  inierred  by  them  that  the  total  amount  of 
mingled  lyin|jh  and  chyle  which  ii  daily  poured-into  the  Subclavian  vein 
of  Man  ia  no  less  than  28f  lbs.,  or  considerably  more  than  the  entire  masa  of 
the  blood, — Its  solid  constituents,  however,  being  not  more  than  from  one- 
fourth  to  onG-thirtl  the  amount  contained  in  tlie  blood.  Of  the  whole 
quaati^  thus  discharged,  it  is  estimated  that  only  about  6  J  lbs,  would  be 
<ijyle  derived  from  ingeisted  aliment ;  the  remainder  being  lymph,  whidi 
has  pasaed-out  of  the  blood-current  in  the  courae  of  its  circulation,  only 
to  be  returned  to  it  again.  The  quantity  of  lymph  which  can  be  obtained 
from  the  head  and  neck  of  the  dog  is  estbnateil  by  KnmseJ  at  one- third , 
and  by  Weiss§  at  one- fifth  of  tho  weight  of  those  ])art% ;  but  these  pro- 
portions are  probably  too  higli  for  the  body  generally ;  other  exj»eriments 
of  Weiss  slmmng  thut  it  varies  fit^m  one-fiilh  (after  an  abundant  supply 
of  milk)  to  one*twelfth  of  the  total  weight 

127,  The  movement  of  the  fluida  taken-up  by  the  Absorbent  vesaelB 
seems  to  depend  upon  a  combination  of  different  agencies.  The  lower 
Vertebrata  are  provided  with  *  lymphatic  hearts,*  or  pulsatile  cavities, 
by  which  important  assistance  is  given  in  Uie  onward  How  ;  but  no  such 
aid  18  afforded  in  Man  or  in  the  Mammalia ;  yet  it  is  obvious  that  a  con- 
sidenible  tm  a  tergo  must  exist,  since,  if  the  tiioracic  duct  be  tied,  it  is 
speedily  distended  below  the  ligature,  even  to  bursting.  Li  the  Lymphatics 
as  weli  as  in  the  Lacteals  of  the  higher  animals,  the  onward  course  of  the 
contained  fluids  is,  however,  proliably  aided  by  the  contraction  of  the  mi- 
striped  muscular  tissue  in  their  waUs,  assisted  by  tiie  action  of  the  valves;  and 

•  See  Mr.  Gnlliver^s  Leetitra  iii,,  "  Me<l  T.  and  Oai,/'  vol.  ii.  1863,  p.  440, 
+  '•  Ye^lIlQilngaBiif^e  nnti  StiiflTwechtiel,"  %%  22#,  235. 
%  **Zett8chria  t  Kat   Med,/'  N.  P.,  baud  vii,  p.  148. 

I  **Diisien.  IijRHg./*Dorpal,  ISitO,  quoted  iu  Funke,  "PLjaiidV  4tli  etlit,,  IMS* 
p.  3ttfl. 
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to  this  perbaps  w©  mnj  attribute  the  emptineaa  of  the  absorbent  system 
which  usiudly  presents  itself  some  tittle  time  after  death.  Mgreover,  in 
all  the  movable  parts  of  the  body,  assistance  is  afforded  (aa  it  is  to  the 
circuktioii  in  the  veins)  by  tlie  occaabnal  pressure  exercised  upon  tlie 
lymphatic  Yessela  by  the  BurrouncUng  tissues ;  for  wliile  tliia  preaaure  is 
operatiDg  it  will  tend  to  empty  them  of  tlieir  conteatSj  which  are  oaJy  per- 
mitted by  the  valves  to  pass  in  one  direction ;  and  when  the  pressure  is 
relaxed,  they  wiU  be  refilled  Jrom  behind.  In  the  lacteala,  specisd  agents 
for  the  propulsion  of  the  chyle  exist  in  the  muscukr  fibres  contiiined 
within  the  villi,  which  constitute  so  many  minute  force-pumjjs  tliat  are 
perhaps  stinmlated  to  action  (m  suggested  by  Schiff)  by  the  irritating 
properties  of  the  bile.  When  the  lact^  and  l}^uphatic  fluids  have  arrived 
at  the  thoracic  duct,  besides  the  forces  already  mentioned,  their  flow 
receives  an  additional  iniiietus  from  a  vis  a  f route  derived  in  part  fi^m 
the  suction -jwwer  exerted  by  the  rapid  movement  of  the  blood  in  the  sub- 
clavian veins,  the  inJiuence  of  which  may  readily  be  proved  experimentaliy, 
and  partly  from  the  negative  pressure  exerted  upon  the  walLs  of  the  duct 
during  the  period  of  inspiration,  the  opfwalng  influence  of  expiration  being 
neutralized  by  the  valves.  Noll*  found  the  pressure  in  the  larger  lymph- 
atics of  the  neck  in  cats  and  doga  to  be  equal  to  that  of  a  column  of  water 
varying  from  A  to  1^  inch  in  height  (10 — 30  min.),  but  it  is  probably 
much  higher  in  the  smaller  vessels.  The  rapidity  of  the  current  in  Uie 
lymphatics  of  the  neck  is  stated  by  Weiss  to  be  about  one-sixth  of  an  inch 
per  second. 

128.  Since  the  blood- veasela  constitute  a  closed  system  of  canals  ititer- 
posed  between  the  histological  elements  of  the  various  organs,  a  continual 
process  of  tranmidation  must  take  place  tlirough  their  walls,  in  order  that 
die  fluids  appropriate  to  the  nutrition  of  the  diflerent  tissues  may  be 
supplied  in  due  proportion  to  their  requirements-  This  effect  is  pro* 
bably  in  part  the  result  of  the  operation  of  the  laws  of  Osmosis,  which 
are  here  made  subservient,  not  only  to  the  passage  of  the  nutrient  materials 
of  the  blood  outwards,  but  also  to  the  introduction  of  the  prcniucta  of  disin- 
tegration into  the  circulating  fluid  for  the  purpose  of  being  ultimately  dis- 
charged by  the  excretory  organs.  But  the  main  agent  in  the  process  appears 
to  be  the  constant  and  considerable  pressure  exerted  by  tJie  blood  against 
the  inner  surface  of  the  vessels,  effecting  a  filtration  of  its  fluid  pcrttons 
into  the  irregular  cavities  and  interspaces  of  the  connective  tissue^  which 
are  now  believed  to  constitute  the  true  origin  of  the  Lymphatics,  This 
view  receives  support  from  the  experiments  of  Tomsa,  who  has  shown 
that  the  injection  of  serum  into  the  vessels  immediately  after  deaths  at  the 
ordinary  pressure  of  the  blood,  is  foOowed  by  the  filtration  of  a  fluid 
closely  analogous  to  lymph  in  its  characters,  which  can  readily  be  obtained 
from  the  lymphatic  vessels, f  And  there  is  abimdant  evidence  to  show 
that  those  circmnstances  which  tend  to  increfise  the  pressure  in  the 
capillaries,  either  by  forcing  more  blood  into  the  part^|  or  by  prevent- 

♦  Ludwlg,  **Pby5iologie,**  vol,  ii   p.  581* 

f  Tlie  Bernra  aaed  1q  Tomfla'a  Gxperimenta  eojitab^d  trom  fl*7T  to  6'26  per  cant  of 
iolid  refiidue,  and  that  obtained  frum  tbe  Ljropliatiea  from  (3'12  Ui  4'S6  per  cent,  which 
U  about  the  pn^poriinn  in  onlinarj  Ijiuiih. 

*  Aa  wm  effected  by  Mr*  RsjbidiiOD  in  Uis  expert roetit  rec«rded  in  t!ie  *'  Med,  Chir, 
Trwia.,"  ToL  ixvi.  p.  51,  when  tbe  Aurta  just  abaveilif  diriaioji  into  thecnmojou  iliaca, 
and  jiJbo  oue  af  the  renal  iiHiiriofl,  were  Uedt  tuid  Alhumen  lumediJkkl^  jniule  its  s|i]ieor- 
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ing  its  return  hj  lignture  or  presBUre  applied  to  the  veins  (pTOVided  teat 
complete  stoppage  of  the  current  of  the  bi<x}d  ia  not  produced),  are  ibUowed 
by  au  increased  discharge  of  Ijniph  from  the  larger  absorbent  yeBsela,  It 
ia  easily  intelligible  that  various  other  causes  besides  pressure  may  LnJlu- 
eno©  the  quantity  and  quality  of  this  ihiitl,  which,  as  Miliie-Edwards* 
observes,  is  fxjured  forth  to  irrigate  tiao  various  organs  of  the  body ;  for 
besides  the  important  condition  of  the  quality  of  the  blood  (with  the  effects 
of  variations  in  which  we  are  but  imperfet*tlj  acquainted),  difiereucea  in 
thd  tJiicknesa  of  the  walla  of  the  vessels  and  of  the  external  pressure  to 
which '  they  are  subjected^  may  to  some  extent  be  the  causes  of  tliose 
differences  in  the  nature  of  the  transudate  observed  in  HydrocephalujB, 
Ascites,  and  Hydrocele*! — ^^^  iniluonce  of  the  Nervous  system  on  tlie 
format  ion  of  lymph  has  been  studied  by  Krauae  and  Toniaa;  from  whose 
exj^riments  tlio  conclusion  may  be  drawn ^  that  the  nervous  system  exerta 
little  or  no  direct,  but  frequently  a  well-marked  indirect  influence  on  the 
amoimt  produced  in  a  given  time.  Thus,  whilst  Tomsa  found  that  irrita- 
tion of  the  nerves  proceeding  to  the  testicle  produced  no  alteration  of  tlie 
quantity,  Krauso  observed,  on  excitation  of  the  portio  dura,  a  considerabll 
increase  in  the  How ;  the  difference  being  clearly  the  result  of  die  inter-* 
naittent  proasure  of  the  muscles  in  the  parts  traversed  by  the  lymphatics 
in  the  one  instance^  and  the  entire  absence  of  muscles  in  the  other. 

129,  Vasculaij  or  Dcctless  G lands* — There  is  reason  to  believe  that 
the  office  performed  by  certidn  bodies  connected  with  the  Sangruferoua 
system^  which  possess  the  ^sential  elements  of  the  Glandular  structure 
without  any  efferent  ducts,  is  to  restore  to  the  circulating  current  any 
aubfltances  which  they  may  withdraw  from  it ;  and  there  seenia  adequate 
ground,  therefore,  for  the  conclnsion,  that  their  action,  whatever  it  may 
be,  is  fiubsidiary  to  the  process  of  Sanguification, — being  exercised,  per- 
haps, upon  that  portion  of  tlie  nutrient  materials  more  especially,  which 
did  not  traverse  the  Absorbent  system  when  first  introduced,  but  which 
was  directiy  taken- up  by  the  Blood-vessels.  The  organs  in  question  are 
the  Spleen,  and  the  Thymusj  Tiiyroid,  and  Supra- renal  bodies.  Of  these, 
the  Spleen  deservea  especial  notice,  on  accoimt  of  its  si^e  and  its  obvious 
functional  importance  in  the  adidtj  the  others  appearing  to  minister 
more  particularly  to  the  requirements  of  the  system  at  the  earlier  perioda 
of  life. 

ISO,  The  minute  etructure  of  the  Spken  has  recently  been  made  the 
subject  of  careful  research  by  many  excellent  Microscopic  observers;  ajid 
the  following  are  the  most  importmit  points  which  may  be  considered  to 
have  been  established  by  their  labours  ;} — 

ane&  lu  the)  uriaG,,  being  OA  it  were  f<]r<^cl  by  the  mcreaae<1  preesure  in  the  remtiliiiii^i 
renal  urUjryi  through  the  delicate  filler  furtacd  bj  the  wiills  of  the  Tcssela  ia  the  Mul*  | 
pijjhmn  tuftfl. 

*  See  lii»  e^celkDt  chupter  ou  Traasndatiun  in  th*  "  Le^oiui  sur  la  PLyBi^jlogie,** 
ToL  iv.  1S69.  p.  391— 44fi. 

t  See  lUles  *'  Ha5ma«Ut«s,"  pp.  118-110. 

t  See  Kolliktr,  *' Cyelupuedift  tif  Aoatem;  and  Phjaiology/*  vel  lY,,  Art*  'Spleen  |' 
»iid  *•  Mikn?^op[sche  Anatomie,"  band  1 1  §^  1S3-189.  Sanders,  **  Goodfiir*H  AnnalA 
of  Aimtgtijy  m\d  ?hjaiolri|Qf/*  Ko.  1  ;  aud  *"  Edin.  M^jutljly  Jyurtud,"  Marcbj  1852, 
p,  286.  Wharton  Jonea,  **Brit.  aud  For,  Metl^-Chir.  ReTiew,"  vuL  li  p.  S2, 
Hnxley,  '*  Quarterly  Journal  of  Micrusoupical  Science,'*  vol  iL  p.  74;  aad  Tranalatian 
0f  Kfilliker'n  "  MAdual  of  Haina a  Hl&loUgf*  (Sydeuhaai  Society),  voL  iL  p.  141.  Gt»j, 
*'  On  thfs  Stracture  md  Pee  of  the  Spleen"  (Aftlby-Ceep«r-J:^ize  Esbttj,  1354J.    Eeuiak>J 
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L  ThQ^hratis  coat  in  Man  ia  composed  of  white  fibroua  tissue,  with 
&n  intermixture  of  yellow  or  elaatic  fibres,  and  perhaps  a  few  fusiform 
non-strlatad  muacuJar  fibre-cella ;  which,  howerer,  are  nioch  more  nume- 
rous in  many  of  the  lower  animals.  The  trabecular  tisaite  consists  of 
bands  and  threads  of  fibrous  tissue,  which  arise  from  the  inner  surface  of 
the  fibrous  envelope,  and  form  a  network  that  extends  through  the  en  tiro 
ofigan,  becomiog  connected  also  with  the  fibrous  aheatlis  of  the  vessels 
which  penetnite  it.  These  bands  are  partly  tnuscidar  in  those  animala 
which  have  muscular  fibres  in  the  external  envelope ;  but  elsewhere  they 
are  simply  fibrous.  The  spiicea  left  by  their  intersection^  which  aro  by 
no  means  regular  as  to  either  form  or  size,  are  occupied  by  the  splenic 
corpusclca  and  splenic  pirenchyma. 

II.  Of  the  Arteries  of  the  Spleen,  it  is  chiefly  to  be  observed  that  their 
brandies  ibrm  no  anastomoses,  but  subdivide  and  ramify  like  tlte  branches 
of  a  tree,  with  the  Malpighian  corpuscles  attached  to  them  as  fruit  (Fig. 
31).  Beyond  their  connection  with  these,  howevcTj  they  enter  the  general 
mass  of  the  splenic  parenchyma ;  and  here  each  twig  subdivides  into  a 
tuft  of  arterioles  still  more  minute,  which  again  subdivide  into  the  true 
capillaries. — The  Capillaries^  bounded  only  hy  their  very  thin  walls,  pass 
in  every  direction  through  the  epleen-pulp,  both  in  the  general  masa  of 
the  orgitn,  and  also  in  the  interior  of  the  Malptghian  corpuscles*  But  it 
is  af firmed  by  Mr,  Gray,  that  in  the  Spleen  of  Man  and  of  many  other 
auimalis,  tlie  walJs  of  the  capillaries  firequently  disappear,  and  that  the 
blood,  in  passing  from  the  minutest  arteries  to  the  minutest  veins,  moves 
in  great  part  through  lacunce^  or  mere  channels  in  the  pulp-tissue, — Of 
the  VeinSy  the  idea  has  been  generally  entertained,  that  they  are  dilated 
into  cavernous  spaoes  or  sinuses;  but  this,  though  true  of  many  of  the 
lower  Mammalia,  especially  of  ruminants  and  diving  animals,  is  the  case 
to  only  a  very  Hmited  extent  in  Man.  Their  mode  of  ramification 
closely  resemblej}  that  of  the  arteries ;  and  they  are  unporovided  with 
valves. 

III.  The  Parmchifma  of  the  Spleen  essentially  consists  of  cells  in 
various  stages  of  evolution,  imbedded  in  a  grannlar  plasma  ;  thus  corre- 
sponding in  every  essential  particular  mth  the  contents  of  the  Peyerian 
and  Absorbent  glanduJae  (§  122),  and  giving  evidence,  as  they  do,  of 
being  in  a  state  of  rapid  developmental  change.  The  amount  of  this 
colourless  parenchyma  is  stated  by  Bfr„  Gray  to  undergo  a  marked 
increase  towards  the  end  of  tlie  digestive  process,  when  a  large  quantity 
of  new  alimentary  material  is  being  introduced  into  the  sanguiferous 
current ;  whilst,  in  the  intervals  of  this  operation,  it  undergoes  a  gradual 
diminution* — The  peculiar  Splenic  Corpuacks^  or  'Malpighian  bodies 
of  the  Spleen j'  are  whitish  gpherical  bodies,  which  are  connected  with  t-ho 
smaller  arteries  by  short  p^uncles,  like  grapes  with  their  fruit-stalka,  or 
are  sessUe  upon  their  sheaths  (Fig,  31).  Their  diameter  usually  varies 
between  l-3rd  and  1-Gth  of  a  line;  smaller  bodies,  however,  are  met 
with,  which  appear  to  be  Malpigliian  corpuscles  in  an  ^irlier  stage  of 

*CJoW  mnde  Blnt-gerifmBcl  find  iiWr  ?i|raent-kugelli&Hige  Zclkn^'  io  **MiJller'» 
Archiv/*  1S52,  L»jjdig,  "  AtiatomiBclis-Hi«iologi*i.'he  tjDtenrathtidgeu  iiber  Fiedie 
and  Kefrtllien,"  1S53.  Billrutht  **Archi¥  ftir  r*iitbologiBche  Ao&t.,''  luiDd  sx, 
p.  409  and  628;  '^Artbiv  t  Aaal,  md  Phjsiolog.,"  1857,  p*  S8.  Kowftlowuk/j 
'*  ViTcliow*a  Arcbiv/*  1861,  p.  203* 
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evdutioo.     The  bounds  17  of  each  is  an  indietinctly-fibrooa  membrana 
whkli  appears  to  be  j>artly  foniied  by  the  nietamorpboais  of  the  externa 

cells  of  its  oontamcil   pareii' 
Flo.  31 .  chynia,  and  to  be  partly  derivei 

from  the  fibrous  coat  of  tlu 
artery  to  which  it  ia  attadied.^ 
And  Its  con  ten  ta  coirespondj, 
in  every  essential  particular,' 
with  thecolonrleBsparcnchyTOfii 
in  which  they  are  imbedded. 
Their  walls  are  cOTored  witli 
a   plexus   of   capiUariea,   an  A 
branches  from  tJjeae  traverse 
tiieir  iulerior,  just  aa  in  th€ 
case    of    the    Peyerian    and 
Abaorhent    glandnJaj,       Th» 
number  and  size  of  the  Mal^ 
pighian  corpuscles  bear  a  re-' 
markable  relation  to  thegenerat 
atate  of  nutrition ;  being  much 
the  greatest  in  healthy  weli-^ 
fed  ani  mals,  whilst  in  those  that 
hare  been  ilJ-ied  they  diminish 
extremely,  and  in  those  thai; 
have  been  starved  they  dia-' 
appear  altogether.     Uence   in 
has  liappened  tliat  tlieir  exist- 
ence  in   the   Human   specleiq 
has  been  denied;  the  oppor- 
tunity of  examining  aubjecta  not  reduced  by  previous  abstinence,  being 
one  that  comparatively  seldom  occurs.     Tliere  is  no  doubt,  however^  of 
their  normal  presence  in  the  apleen  of  Man,  as  in  that  of  other  Iklam^^ 
malia. — Diffused  amidst  the  colourless  parenchyma,  but  in  very  variable; 
amount,  coloured  cells  are  found,  some  of  which  are  unchanged  bloody 
corpuaclea,  whilst  others  appear  to  be  blood-discs  in  Tarious  stages  of 
retrograde  metamorphosis ;  gradually  dimitLishing  in  si^e,  and  ^Burning 
a  golden -yeUow,  brownish -red,  or  even  blackish  colour,  or  having  the 
pigmentary   matter   crystallised    in   a  rod-like  form  in   tJieir  interior; 
or,   again,   breaking- up   into    detached    pigment-graniiles*      Occasion- 
ally (tliough  very  rarely  in  the  Iltanan  subject)  little  clusters  of  from 
1    to    20    of  these   degenerating   blood -corpuscles   are  found,    included 
in  a  vesicular  envelope*     All  these  bodies  are  seen  in  tlic  blood  of  Use 
Splenic  vein ;  and  it  has  been  hence  concluded  by  some,  that  they  do  not 
constitute  normal  elements  of  the  Splenic  parenchyma,  but  that  they  are 
either  contained  in  its  capillaries,  or,  if  act^ially  diflEused  tlirough  the 
piilpj  are  ao  as  a  result  of  an  abnormal  extrarastition.     These  conJiictin^ 
viewB  may  be  reconciled,  if,  aa  stated  by  Mr*  Gray,  the  sjtlcnic  blood,  in 
its  passage  :&om  the  arteriea  to  the  veins,  normally   escapes  from  the 

*  It  htt&  been  commonlj  Bnpposed  iliat  the  Malplgliion  eorpuscl^R  fire  triT^ed  by  ' 
diatinct  timitary  Tntstubrane,  like  ike  ueim  uf  orditiivrjr  QlaDds  ;  btit  sncfa,  from  Uii 
abservutJUQ8  of  Wbtutuu  Jnuea  and  Ilujilej,  would  ctearlj  seeui  to  be  mk  the  vnse. 


Brniicli  fit  Biitrnie  Arirr^,  tho  rnmltli-jiUoTifl  of  whieh 
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veieek  into  indefitiite  channels,  trayersed  by  connective  tissue 
(Mlrotli),  so  that  its  corpuscles  mar  become  dilFused  through  the 
f»arendiyma  without  any  departure  from  ita  regular  course ;  and  it  is  a 
coolinnatiou  of  this  view,  that  the  amount  of  coioured  corpuscles  in  the 
spieen-pulp  augments  with  the  general  turgesccnce  of  the  vascular 
Bystem,  and  din^inishes  with  the  poverty  of  the  bloody  so  that,  in  animals 
reduced  by  ill- feeding,  it  diisappears  altogether, 

IV.  The  Ltpnphatics  of  the  Hpleen  are  few  and  inconsiderable  in  Man; 
being  leas  nimicrous  than  in  otlier  glandular  organs,  such  as  the  liver  and 
kidneys.  In  some  of  the  lower  animals,  they  a^te  more  abundant ;  but 
even  here  they  are  mostly  superficial,  and  scarcely  penetrate  to  the 
interior  of  the  organ. 

V.  The  Nerves  of  the  Spleen  are  apparently  very  large  in  some 
animals,  especially  in  the  Ruminants ;  but  the  great  size  of  their  trunks 
and  branches  is  chiefly  due  to  the  large  proi>ortion  of  ordinary  fibrous 
tissue  wliicli  enters  them;  the  number  of  real  nerve-fibres  being 
extremely  small. 

VI.  The  chemical  composition  of  the  Spleen  is  indicated  by  the 
following  analysis  of  Oidtmann : — In  1000  parts  were,  water,  750-31^ 
solid  residue,  24tld) ;  of  the  latter,  242-32  parts  were  organic  substances, 
and  7*37  inorganic.  Amongst  the  organic  substances,  albiunen,  iats, 
inosite,  uric  acid,  sarkine,  xanthine,  leucine,  tyrosine,  and  |)ignient  have 
been  distinguished*  The  most  remarkiible  circumstances  respecting  tlie 
inorganic  constituents  are  the  large  relative  quantity  present  of  soda, 
ealta^  and  of  oxide  of  iron.'  From  the  observations  of  Mr.  Dobson,f 
whicli  have  been  corroborated  by  other  obser\^ers,  it  appears  that  the 
Spleen  attains  its  maximum  volume  at  the  time  that  the  prooera  of  chymi- 
Mention  is  at  an  end,  namely,  about  five  hours  after  food  is  taken ;  and  that 

'it  is  small  and  contains  little  blood  seven  hours  later,  when  no  food  has 
een  taken  in  the  interval.  The  removal  of  tlds  organ  from  the  body 
uis  frequently  been  performed  in  animals  without  serious  effects ;  in  some 
instances  perfect  regeneration  has  occurred,  which  is  probably  attribu- 
table to  the  hyj^^rtroj^hy  of  the  little  splenculi  so  oilen  present  in  the 
immediate  vicinity  of  the  Spleen  ;f  in  others,  enlargement  of  the 
lyfiipbatic  glands  in  various  pai'ts  of  the  body,  as  tlie  neck  and  axilla, 
has  been  observed.  Maggionmif  has  noticed  a  deficiency  in  the  amount 
of  iron  contained  in  the  blood- corpuscles }  and  in  the  dogs  operated  on 
by  Dr.  Dal  ton  ||  an  unnatuml  appetite  and  a  ferocity  of  disposition  were 
exhibited, 

131,  The  history  of  the  devdopnient  of  tlie  Spleen,  which  has  been 
recently  studied  with  much  care  by  Mr,  Gray^T  preseats  facts  of  great 
'  [iterest,  as  aiding  in  the  determination  of  the  ftmctional  character  of 
Uhis  organ,  and  of  the  nature  of  its  component  parts. — It  arbes  in  the 
lOhick  between  the  4th  and  5th  days  of  incubation,  in  a  fold  of  mem- 
IbTane  which  connects  the  intestinal  canal  to  the  spine  (the  *  intestinal 
Ilanuna^),  as  a  small  whitish  mass  of  blastema^  pedectly  distinct  from 

•  T*  GoTDp-BeMnoB,  *'Phypiolog.  Chomle/'  1862,  p.  660. 
t  **  Lohd.  Med^aofl  Phya,  Jouro,,*"  Oct.,  1820. 

♦  Pympeaox  and  Mayer,  *^C.  RendaB,*'  1861,  p.  M. 

I  **  Compte*  Retiiliw,*^  IMI,  p,  310,  ||  *'  Hanuuj  Pivynmlogy/*  1862,  p,  193. 

IT  *■  On  the  D^veJopmcnt  uf  the  Doctleaa  GUnd?  la  the  Chkk,'  m  **  FhlbsophieaJ 
TrmawLctiuu^"  1352,  p.  295  ;  ai^  libo  his  Prize  Essay. 
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Ijoth  tho  Stomach  and  the  pancreas ;  from  th^  former  of  which  it  has 
been  said  by  Blachoff,  and  from  the  latter  hy  Arnold,  to  take  its  origiiii 
The  external  capsule  and  the  trabecular  tissue  are  developed  between 
the  8th  and  9th  days :  the  former  as  a  thin  mombnme  composed  of 
nucleated  fibres;  the  latter  consist  Log  of  similar  fibres,  which  intersect  the 
oi^gan  at  first  sparingly,  and  afterwards  in  greater  quantity.  The  blood- 
i^essela  of  this  organ  are  formed  within  itself,  independently  of  those 
which  are  exterior  to  it;  and  blood-corpuscles  are  also  obserYed  to 
originate  in  the  substance  of  its  blastema,  their  formation  oontinuing 
until  its  connection  with  the  general  vascular  system  is  completed, 
at  which  period  dieir  development  appears  to  cease. — The  pulp- tissue,  at 
an  early  period  of  its  formation,  closely  corresponds  with  that  of  the 
Supra-renal  and  Thyroid  bodies  in  their  earliest  stages  of  evolution  j  con- 
sisting of  nuclei|  nucleated  vesicles,  and  a  fine  granular  plasma.  When 
the  splenic  vessels  are  being  formed^  many  of  these  nuclei  are  surroimded 
by  a  quantity  of  fine  dark  granules,  arranged  in  a  circular  mode;  and 
these  appear  to  be  developed  into  nucleated  vesicle^  of  which,  when  the 
splenic  vein  is  formed,  nearly  the  whole  pulp  is  composed;  the  nuclei  of 
these  subsequently  break-up  into  a  mass  of  granules,  which  fiJl  the  cavities 
of  the  vesicles.  The  Malpighian  corpuscles  are  develojied  in  the  pulp,  at 
the  angles  of  division  of  the  smaller  blood-vessels,  by  the  aggregation  of 
nuclei  into  circular  masses,  around  which  a  fine  membrane  is  subsequently 
formed. — Thus  during  f<etal  hfe  we  have  evidence  of  a  process  of  cell- 
growth  and  maturation,  followed  by  celKdestruction,  in  the  colourless 
parenchyma.  The  largest  proportional  size  and  the  greatest  functional 
activity  of  the  Spleen,  however,  seem  to  be  exhibited  during  adolescence 
and  the  most  vigorous  period  of  adidt  life, 

132.  The  Supra- Renal  bodies  in  Man  and  most  Mammalin,  present, 
like  the  Kidneys,  a  division  into  cortical  and  medullary  sfubstances ;  the 
former  having  a  lighter  hue  than  the  latter. — ^The  cortical  substance  is 
principally  formed  of  a  stroma  of  connective  tissue,  so  arranged  as  to 
leave  a  series  of  oval  spaces,  lying  end  to  end;*  which  spaces  are  tilled 
with  a  finely-graniilar  plasma^  containing  a  large  amount  of  fat-particleS| 
with  nuclear  corpuscles,  and  more  or  less  completely -formed  cells. 
Isolated  cells  of  a  larger  size  are  found  in  the  stroma  of  the  inner  port 
of  the  cortex,  in  which  the  linearly-arranged  spaces  do  not  exist. — The 
meduliartf  snbstance  consists  of  a  basis  of  fibrous  tissue,  which  is  formed 
by  processes  that  come-off  from  the  sheath  of  the  cortical  subatimce,  and 
which  contains  numerous  blood-vessels  and  nerves.  The  interspaces  of  this 
tissue,  however^  are  occupied  by  a  granular  plasma,  in  which  are  nuclei 
and  cells  in  various  stages  of  development ;  and  the  recent  obaervatioua 
of  KoUiker  upon  the  nature  of  these  ceUsj  which  are  confirmed  by  the  re- 
searches of  Ley  dig  (op.  cit*)  upon  the  corresponding  organs  in  the  AluphibiI^ 
seem  to  indicate  that  they  are  really  gangliojiic  in  their  character*  Both 
the  cortical  and  the  medullary  substances  receive  a  large  supply  of  blood. 

133.  Though    Brown- Sequardf  found  that  ablation  of  the  Supra- 

*  This  LB  the  nccoutit  gireti  by  Kdlllker  (**  Mikr&sltopiscbe  AnakymJe,"  §  220),  who  eon* 
fidanllf  AtAtee  tb;it  ik^  afmcew  ara  w^i  bouoded  by  a  propter  limitary  membrane,  nad  ani 
tberafore  notglatid-vcsicI^.aB  supposed  by  Eck^r  tkud  Frcjf  wbii^e  riewfi  at  tb^ir  natnrB 
will  lie  fntiiid  ID  tb^  Jivti  ^ Supm-Eeiial  Capfiuk'  in  Ihe  '^Cyclop,  of  AukU  ajid 
PiiyBiiil,''  vol  W. 

f  *- Jyurujil  do  la  Phji,/'  vol  L,  186S,  p.  160. 
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renal  Capsules  vtns  uniformly  iiital,  ye^  Phillipeattx^*  Hurley,  t  ^^^ 
Gratioletl  have  shown  that  tliifl  effect  is  rather  attributable  to  haemorrhage 
aud  the  ima voidable  injiu-y  to  the  nerves^  and  especially  to  the  semilunar 
ganglia^  attendant  upon  the  operation,  than,  aa  Brown -S^quard  heheved,  to 
the  retcation  of  some  poisonous  substance  in  the  circulation,  which  it  is 
the  office  of  these  bodies  to  remove*  Of  late  years  much  im|x>rtanc©  has 
been  attached  to  the  study  of  the  diseases  of  these  organs,  from  the  observa- 
tions of  Dr.  Addison^  that  such  cases  are  frequently  associated  with  die 
dept^ition  of  pigment  in  tlie  skin,  causing  it  to  assume  a  deep  bronze 
colour,  Harley>  Parkes,  and  many  others  have,  however,  shown  that 
hroii^ing  of  the  akin  may  be  present  and  yet  the  supra- renal  capsules  be 
healthy  ;§  whilst  Dr.  Kirkes,  Davy,  and  others  have  recorded  cases  in 
which  disease  was  present  in  one  or  both  of  these  organs,  yet  no  bronzing 
of  the  skin  occurred. ||  Further  inquiry  is  therefore  requisite  to  deter- 
mine whether  the  disease  of  the  capsules  and  the  discoloration  of  tlie 
skin  really  stand  in  the  relation  of  cause  and  effect. 

134.  The  development  of  the  Supni- Renal  bodies  aLso  has  been  studied 
by  Mr*  Gray  (loc,  cit.)>  He  states  that  they  arise  on  the  7th  day  of 
incubation,  as  two  separate  ma^sses  of  blastema^  situated  between  the 
upper  end  of  the  WoUfian  bodies  and  the  sides  of  the  aorta ;  being  totally 
independent  (as  conceros  their  development)  of  those  bodies  and  of  each 
other.  At  this  period,  tlieir  minute  structure  boars  a  close  resemblance 
to  that  of  the  spleeuj  consisting  of  the  same  elements  as  that  gbud, 
excepting  in  tlie  existence  of  more  numerous  dark  granules,  which  give 
to  the  organ  at  a  later  period  an  opaque  and  darkly-granular  texture ; 
and  the  general  history  ibllows  a  veiy  similar  coiirae :  the  Supra-renal 
capsules,  however,  acquiring  their  characteristic  structure,  and  attaining 
their  hetgqst  relative  size,  so  early  in  fcetal  life,  aa  to  surpass  tlie  Kidneys 
in  dimension  up  to  the  tenth  or  twelfth  week  of  Human  embryonic 
development ;  though  they  afterwards  diminish  so  much,  relatively  to 
the  Kidneys,  as  to  possess  in  the  adult  condition  only  1-2  6  th  part  of  their 
bulk. 

135.  The  general  structure  of  the  Tk^pmis  Gland  may  be  best 
understood  from  the  simple  form  it  presents,  when  it  is  first  capable  of 
being  distinguislied  in  the  embryo.  It  is  then  solid,^  l>ut  soon  breaks 
down  in  the  central  part  so  as  to  form  a  single  tube,  closed  at  both  ends, 
and  filled  with  granular  nmtter  \  and  its  subsequent  development  eonsista 
in  the  lateral  growth  of  bran  clung  off-ahoots  from  this  central  tubular 
axis.  In  its  mature  state,  therefore,  it  consists  of  an  assemblage  of 
hollow  glandular  lobules,  united  together  by  connective  tissue;  and 
their  cavities  all  communicate  with  the  central  reservoir,  from  which, 
however,  there  is  no  outlet  (Figi.  32,  33).  Each  lobule  is  bounded 
externally  by  an  indistinctly -fibrous  or  almost  homogeneous  membrane 
(Fig.  34,  a),  which  sends  prolongations  (6)  into  its  sabstanoe,  that 
divide  it  into  *  acini  ^  or  gland- granules.  Isolated  gland-granules  of 
the  same  kind  are  frequently  to  be  met-with  on  the  main  canal  (Fig- 
32,  c^).    The  parenchyma  of  each  lobule  is  made-up  of  a  greyish- white, 

•  '*Comptc«  HcDdnji/'  1856-^7.  +  **M«i.-Chir.  Eev.,''  18£B,  ^U  L  p.  200. 

t  "Ooaipt«s  BenduR,"  1856.  §  "Mod.  T,  aud  G*k.,"  1858,  p,  fiW* 

I  '*Med.  T.  mud  Qm./'  1857,  p.  U ;  1851*,  p.  30. 
1  leadrassikf  "  Sitiuogflbeiicht  d.  Wien  Akftd.,"  1856,  hand  xxu.  p,  75, 
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soft,  e^iiy-lacerable  substance,  wliicU,  when  examined  Tnlcroscopically,^ 
is  Ibiind  to  conaisfc  of  free  nticlei  and  minute  cells;  and  it  is  traversed  by 
a  iniiiutelj-diatributecl  capillar j  plexus ;  ihviR  resemblingi  in  eycry  reaj>ect, 
aave  the  presence  of  a  central  cavity,  tlxat  of  the  Peyerian  bodies  (§122).* 


Flo-  S2. 


Pio.  33, 


Portiotl  of  S^jmiif  of  Oty^  on- 
folded  ]:--a,initluiiinil  i  &,^]imdul«r 


Soi'tkiil  of  ttHmim  TkymHt,  Rhowtng 
the  Uitit  oivHj  ill  the  wido  pnrtloiit 
anil  numeroufi  oiin(>ei  leadiug^  to  LU 


CeUs  and  tiiiclei  resembhng  those  of  the  parenchyma  are  also  found  in  the 
cavity  of  the  lobule ;  f  from  which,  indeed,  the  parenchyma  is  not  separated 
by  any  distinct  limitary  membrane.  The  chemical  constituents  of  the 
Thytmia  are  water,  albumen^  gelatine,  sugar,  ikt^,  leucine,  sarkine,  xanthic, 
formic,  acetic,  EucciniCi  and  lactic  acids,  and  the  ordinary  inorganic  salts,  j 
— The  Vascular  supply  of  this  organ,  during  the  ^Deriod  of  its  fimctional 
activity,  is  extremely  abundant.  The  arterial  trunks  penetrate  to  ita 
central  cavity,  and  form  a  close  reticulation  in  the  delicate  pellicle  of 
ooim^ctive  tiaaiie  with  which  it  is  lined;  from  the  several  ftoints  at  which 
the   lobular  cavities   open,  numerous   vessels    arise   from  this  plexua 

•  8ee  Prof,   KSlllXer'fi  *'  Mikmskcipiacbe  Anatorove,"  §  208,  from  wliich  tlie  alioir© 
ftoconiiiitoblelly  ilenved ;  abo  Mr.  Simon'a  ^*Pkyn'o1og^c»l  Eaua;  on  the  1'liymusGlfmil/^ 
t  8ee  Mr,  OiilUver'a  Lecture  iv.»  "Med,  Timefl  ftod  thuE./'  1S63,  ^oL  %\.  \u  503, 
^  See  FHodlebi^iii  in  tlie  '^Journal  de  la  PhjalQlogie,"*  1350^  p.  1^7  ;  aud  v.  Qi^iup- 
Ue«ttq»,  **Pbj8,  Chejuie,"  1862.  p.  flOO. 
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),  paiising  along  their  intemal  eiirfltce;  and  from  the@e  is  derived 
the  capillary  plexus  which  traversea  the  substance  of  each  gland-granulc, 
but  which  does  not  paaa  o&hi  aa  its  external  eurlace,  returning  bj  loops 
before  it  reaches  its  fibrouB  envelope.  The  Lymphatics  of  the  Thjrmus 
are  large^  and  communicate  dlrectiy  with  tlie  Vena  Cava;  but  their 
immediate  connection  with  the  cavity  of  the  Thymus  body,  though 
highly  probablej  has  not  been  demonstrated. — It  haa  been  oommonly 
etated,  that  the  Thymus  attains  its 
greatest  development,  in  relation  to  the  Fio.  S4. 

rest  of  the  body,  during  the  latter  part 
of  fostal  life  ;  and  it  has  been  considered 
aa  an  organ  peculiarly  connected  with 
the  embryonic  condition.  But  this  is 
a  mistake ;  for  the  greatest  activity  in 
the  growth  of  this  organ  manifests 
itselff  in  the  Human  infant,  soon  after 
birth  ^  and  it  b  then,  too,  that  its 
iunctional  energy  seems  the  highest. 
This  rapid  state  of  growth,  however, 
£3Don  submdes  into  one  of  less  activity, 
which  merely  serveia  to  keep-up  its 
proportion  to  the  rest  tff  the  bod}"; 
but  its  increase  is  continuous  till  the 
age  of  puberty  is  attained  (Friedleben), 
From  that  time^  during  a  variable 
nmnber  of  years,  it  remains  etatiomary 
in  point  of  si^ee ;  but,  if  the  individual 
be  adequately  nourished,  it  gradually 
aasomea  the  character  of  a  nia^  of  fat, 
by  the  development  of  the  corpuscles 
of  its  interior  into  iat-cells,  wliicli 
secrete  adipose  matter  for  the  blood* 
Tins  change  in  its  fiinction  is  moat 
remarkable  in  hybernating  Mammals; 
in  which  the  development  of  the 
organ  continues,  even  in  an  increasing 
ratio,  until  the  animal  reaches  adult  age^ 
quantity  of  fatty  matter,  Tha  same  is  the 
among  Reptiles. 

13G.  The  Thi/iy}id  body  differs  from  the  other  Vascular  Glands  in  ita 
elementary  structure ;  for  it  csseDtuilly  consiats  of  an  ag^egation  of 
closed  vesicles  (Fig-  35,  ^,  j&),  which  seem  to  be  fttmiahed  with  a  true 
limitary  membrane,  and  therefore  to  be  real  gland- vesicles,  imbedded  in  a 
stroma  (ff,  a)  of  connective  tissue,  mid  not  communicating  with  any  com- 
mon reservoir.  These  bodies  vary  in  diameter,  in  the  Human  subject,  from 
1 -2000  th  to  1 -Bath  of  an  inch;  and  they  contain  an  albuminoid  plasana,* 
which  is  either  faintly  granular  or  of  a  somewhat  oily  aspect,  amidst 
which  are  seen  a  number  of  corpuscles,  the  greater  part  of  tham  in  the 

•Thai  tite  fluid  dues  no^  conUin  true  AlUumon  in  »jlatitjn|  but  S4>rae  albuminoui) 
cuiuptmntls,  b  indit^ttd  bj  Ui^  t&Hilia  uf  Dr.  Beide's  aa^jids  (*'C^o1op.  of  Anat.  Aud 
PliyaioL,**  voL  W.  p,  llOfl). 


1«}bi}ki  of  the  TAjfwfc*  In  a  clillrl  i — n^  mt'in- 
hn^tiouK  kivcfltinvint  nt  thy  lobuk  j  i.  mem* 
Vnine  of  tTi^  ^Innd-gnuiiilai  i  r^  caritjr  of 
ihr  l^hule,  fhrni  wtvl^h  the  iMrgor  TQ»«>)i 
braneb-oqt. 
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case,  generally  speaking, 
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conditioTi  of  nuclei,  whilst  some  Lave  advaTiced  to  thnt  of  cells.     Th( 
corpuficle^  however,  seem  ratlier  to  occupy  the  position  of  an  epithelii 

(c,  c)  within  the  v< 
P<a-  SS,  than   to   float   freely 

their  contained  fluid.- — ■' 
The  vascular  supply  oi- 
the  Thyroid  body  is  ex- 
tremely abundant:  and,^ 
aa  in  the  preceding  in- 
stances, the  mibdiviaions' 
of  its  arteries  form  a  very 
mjniite  capillaiy  plexus 
upon* the  inembTane  of 
the  vedclea.  The  Lym* 
phatics,  though  abun* 
dant,  have  not  been  traced 
far  Into  its  mibstancei 
— The  Nerves  are  scanty^ 
accompany  tlie  veseel% 
and  are  derived  &oni  the 
cervical  jiarts  of  the  syra- 
*  pathetic. — The  devdop* 
ment  of  the  Thyroid 
body  has  been  shown  by 
Mr.  Gray  (loc.  cit)  to  be 
elofiely  accordant  with 
that  of  the  ^ductteaa  glands'  already  described*  This  body  originates  in 
two  separate  masses  of  blaatema,  one  at  each  side  of  the  root  of  the  neck, 
close  to  the  separation  of  the  carotid  and  subclavian  veRsels,  aud  between 
the  trachea  and  the  branchial  clelts,  but  quite  independent,  as  far  aa 
re^jds  their  development^  of  either  of  those  juarts ;  their  minute  BtTucture 
at  an  early  period  closely  correaiM>nds  with  that  of  the  spleen  and  supra- 
renal glands.  This  body,  like  the  Supra-renal  and  Thyiaua,  is  of  larger 
relative  magnitude  during  intra- uterine  existence  and  iniancy^  than  in 
after-life, 

137.  That  the  Ductless  or  Tascular  Glands,*  of  whose  peculiar  struc- 
tiwe  and  relations  we  have  thus  taken  a  general  aiurvey,  have  some  office 
of  importance  to  perform  in  the  preparation  and  maintenance  of  the  blood, 
cannot  any  longer  be  reasonably  questioned ;  and  the  determination  of 
this  point  niJty  be  fairly  regarded  as  a  conaiderable  step  in  the  investiga- 
tion. It  is  obvious,  from  the  very  copious  supply  of  blood  which  they 
receive  during  the  period  of  their  ftinctional  vigotu*,  and  from  the  manner 
in  which  this  is  distributed  by  minute  capillary  plexuBCR,  on  the  exterior, 
and  even  through  the  interior,  of  the  glandular  vesicles,  that  it  must  be 
subservient  to  some  process  of  active  change  ;  and  the  aapect  of  the  con* 
tents  of  these  vesicles^  as  well  as  of  the  substance  in  which  they  are 
imb^ddedt  indicates  that  cell-growth  isriipidly  proceeding,  at  the  expense 
of  the  materials  thus  afforded.     But,  on  the  other  hand,  that  the  products 

•  According  ki  Ecker  (Art,  *  Blutgefivssdrtijeeu*  in  "  Wagner'a  HandwflrUrbtidli,** 
band  It,),  tbe  Fituitnry  body  bos  the  same  essenti&l  Btrnctare  ts  tbe  viucuitir  glands  in 
general ;  bAring  veucles  oonlAiaiag  a  fiaely-gnLDCLl&r  blafttemfti  with  Dudcnr  partidea, 
imbedded  la  %  ibroat  stroma. 
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of  this  cdl 'growth  are  not  aubatancea,  which,  like  those  of  tlie  ordtnaiy 
glands,  must  be  sejmrated  from  the  blood,  either  for  its  purificBtion,  or  to 
Berve  some  special  purpose  in  the  economy,  appears  from  the  fact  that 
they  are  not  carried- off  by  ducts  j  but  are  received  again  into  the  current 
of  the  circulation.  With  the  exception  of  the  Spleen,  all  the  ductless 
glands  thus  discharge  their  products  at  once  into  the  general  venouB  cir- 
culation I  m  that,  ai\er  having  passed  through  the  lungs,  they  will  be 
carried  by  the  systemic  arteries  through  the  syatem  at  large:  but  the 
splenic  vein,  it  will  be  remembered,  forms  one  of  the  roots  of  the  portal 
trunk ;  and  Ha  blood  must  thus  pass  through  the  IwiTf  before  it  enters 
the  venit  cava* 

136.  Whatever  materials,  then,  are  withdrawn  from  the  blood  by  these 
organss,  are  retiuned  to  it  again  in  an  altered  state ;  and  it  may  fairly  be 
inferred  from  thia  circumstance,  that  the  change  which  they  have  under- 
gone is  one  that  prepares  them  for  higher  uses  in  the  economy.  For 
as  the  blood  which  has  received  them  ia  immediately  transmitted  to  the 
system  (except  in  the  case  of  the  Bplenic  blood ),  without  having  passed 
through  any  other  depurating  organ  than  the  lungs,  it  appears  fair  to 
conclude  that  the  products  which  it  haa  taken -up  in  these  organs  are 
either  comhmtwe  or  nutntu%  i.e.,  either  serve  to  maintain  the  flmctional 
activity  of  the  lungs,  or  of  the  system^  or  of  tlie  blood  itself.  Now  that 
they  are  not  destined  to  prepare  a  pabulum  for  respiration,  appears  from 
the  very  small  quantity  of  fat  which  is  found  in  their  substance,  except 
when  their  period  of  functional  activity  has  gone-by.  On  the  other 
hand,  the  albuminous  nature  of  the  plasma,  and  the  finely -granular 
appearance  which  it  pr^enta,  ijtrongly  indicate  that  a  material  is  here  in 
progress  of  preparation,  which  is  to  be  rendered  subservient  to  the  for- 
mative operations*  Various  lacta  which  have  been  noticed  in  regard  to 
the  changes  in  the  bulk  of  the  Thymus  in  young  animals  (and  pftrticukply 
its  rapid  diminution  in  over-driven  Iambs,  and  its  subsequent  gradual 
re-distenaion  during  rest,  if  plentiftil  nutriment  be  afforded),  lead  to  the 
cooclusion  that  such  is  almost  undoubtedly  the  fiinction  of  that  body. 
And  such  would  also  seem  to  be  the  justifiable  inference  from  the 
researches  of  Mr,  Gray  on  the  Spleen :  for  the  correspondence  in  the 
amount  of  the  colourless  parenchyma  of  tliat  organ  (and  especially  of  ita 
Malpighian  corpuscles)  with  the  general  state  of  nutrition  of  the  animal, 
its  regular  increase  (in  well-fed  animals)  near  the  completion  of  the 
digestive  proceaa,  and  its  gradual  diminution  in  the  subsequent  interval, 
Bsem  to  indicate  that  the  Spleen,  like  the  Thymus  of  the  yoimg  animal^ 
ia  a  storehouse  of  nutritive  material^  which  may  be  drawn-upon  accord- 
ing to  the  requirements  of  the  system,  just  at  the  fat  of  the  body  is  a 
storehouse  of  combustive  suK^itance,  And  of  the  exertion  of  an  elabo- 
rating or  assimilative  action  upon  this  albuminous  matter,  during  its 
withdrawal  from  the  current  of  the  circulation  in  ibeea  organs,  we  seent 
to  have  direct  evidence,  as  r^iards  the  Spleeni  in  the  kige  increase  of 
the  proportion  of  fibrin  contained  in  the  blood  drawn  from  its  veins. 
It  was  formerly  supposed  that  the  Spleen  acted  as  a  kind  of  reservoir  or 
diverticulum  for  the  portal  circulation,  the  vessels  of  which  were  thus 
relieved  from  undue  turgeseence,  when  the  alimentary  canal  was  diatended 
with  food,  and  rapid  absorption  was  taking  place.  Others  again  were  of 
opinion  that  a  process  of  disintegration  took  place  in  the  blood-corpuscles 
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wbich  are  found  &o  abiiodantly  in  tlie  splenic  pulp,  but  ttie  gronndB  cm 
wliich  both  these  views  ware  supported  are  scarcely  teiiable  in  the  present 
state  of  oiir  knowledge.* 

139*  Tlie  results  3 len  of  all  the  recent  inTeetigations  on  these  ori 
tend  to  prove  that,  equally  with  the  Absorbent  glands,  they  supply 
geiins  of  those  cella  which  are  ultimately  to  become  blood-oorpuaclfi 
Such  J  it  m  well  known,  was  the  doctrine  of  Hewaonf  In  regard  to  the 
8pleen  and  Thymus  g\m\d ;  and  there  are  many  fiicta  wliich  lend  it  a 
considerable  probability.  In  the  iirst  place,  we  have  seen  (^  1^0,  n.) 
tliat  tliere  is  no  dif!iculty  whatever  in  the  admission  of  such  corpuscles 
into  the  snjaller  veina  of  the  Spleen,  if  Mr.  Gray's  account  of  ite  lacunar 
circulation,  which  appears  to  be  fully  conlirmed  by  the  more  recent  investi* 
gationa  of  Billroth,  J  be  correct;  and  that  there  is  no  phjsiad  impoaaibility 
in  the  reeeption  of  particles  of  such  a  size  into  the  interior  of  even  a  closed 
sj'Btem  of  capillaries,  is  proved  by  the  very  curious  tacts  already  noticed 
in  regard  to  tlie  passage  of  starch -grains  into  tlie  mcienteric  veins  { §  114). 
Secondly,  tliere  is  an  imnsiial  proportion  of  colourlesa  corpuseles  in  the 
blood  of  the  splenic  Tein*5  Thirdly,  the  period  of  greatest  fnnctional 
activity  of  these  glands  generally,  is  diu-ing  tlie  state  of  early  childliood^ 
when  the  formative  processes  are  going-on  with  e?£tniordinary  activily; 
and  there  is  at  this  time  a  larger  proportion  of  colourless  corpuscles  in  the 
blood,  than  at  any  subseqnent  period,  at  lea^t  in  tiic  healthj  stitte. 
Further,  as  Prof*  J*  H*  Bennett  has  pointed-out,  that  peculiar  condition 
of  the  blood,  which  consists  in  the  miiltiplicatioe  of  its  colourless  cor- 
pusclesj  is  almost  always  associated  with  hypertrophy  of  one  of  these 
bodies }  and  in  one  case  of  this  kind,  in  which  the  Thyroid  was  the 
organ  affected,  its  cells  and  their  included  nuclei  were  observed  to  be  con- 
siderably smaller  than  nsmd,  and  the  same  peculiarity  presented  itself  in 
the  colourless  eorpusclea  of  the  blood. ||  Hence  there  seems  a  strong  pro- 
bability, that  whilst  the  plasma  of  the  blood  is  being  elaborated  by  these 
bodies,  a  constant  supply  of  new  blood- corpuscles  is  also  afforded  by 
them;1^  and  that  they  thus  effect  for  the  nutrient  materials  directly  ab- 
sorbed into  the  Sangniferous  system^  that  which  tlie  glandulse  in  oonne 
tion  with  the  Absorbent  system  accomplish  for  the  subfitancee  whidb  i 
haB,taken-up. 

*  8©ft  ^*  Cycl.  of  ADAt.  and  FIiyfllolnj;?y» "  toL  it.  p.  79fl- 
+  Sm  hiE  Tliird  Beries  of  *'  Experimfint&l  iDquirieSj"  cliapa.  iii-v, 
t  "Miiller^fl  ArchiT,"  IS57,  p,  88,  aad  "  Virchow's  Arcliiv,"  baud  x%.  p.  ilO. 
i  See  Fmike  ia  ''Heule'a  Zeitftcbrift,"  1851,  p.  172 ;  and  Gray,  Op.  dt.,  p.  l4Sw 
Ij  Tbb  fact  is  tbe  iBore  weighty,  as,  (d  anotlier  case  obstirTcd  hy  Prof.  B^nutt.  ti 
frolourleis  corpuAcles  of  tbe  blood  were  of  two  dietioct  abea^  tbe  smaller  correBpondlng 
with  the  Dttclei  of  the  larger  ones  ;  aod  tbe  lymphntk gkmdjt  VfetB  found  to  be  crowdeil 
with  cotpnaciea  also  of  two  distinct  aizea,  tsuictly  eorreapotiding  with  those  of  the  blood. 
(Sec  "  Ediflb.  Mootbly  Joiiroal,"  October,  1851.) 

^  TbtB  Tiew  baa  \mn  ablj  Biipport^j*!  by  Trot  J.  H.  Bennett,  in  **Edinb.  Montblj 
Joaro,,"  March,  1852  ;  and  in  his  Treatijse  oa  **  Xtencocythiemia*" 
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CHAPTEK  V. 


O?   THE   BLOOD  ;    ITS    PUySICAL   CHARACTERS,    ITS    CHEMICAL 
COMPOSlTtONj    AND    ITS    VITAL   PBOPKRTIES, 

1.  General  Comideratiom  i — Quaniity  of  Blood. 

140,  From  the  materials  supplied  in  the  Food,  there  in  prepared,  by 
the  Digestive  and  Asaimilative  processes  described  in  the  preceding 
Chapters,  that  general  nutritive  liquid,  the  BiiM)df  which,  in  tFie  organism 
of  Man  (afl  in  that  of  all  the  higher  Animals)  is  constantly  circulating 
through  its  vessels  during  the  whole  of  life.  Prom  thia  liquid,  each  por- 
tion of  the  solid  tissues  has  the  power  of  extracting,  and  of  appropriating 
to  its  own  use,  the  particular  components  of  its  substance  ;  these  either 
pre-existing  as  such  in  the  blood,  or  being  capable  of  being  readily  formed 
from  it  by  a  process  of  chemical  transformation.  During  ita  circulation, 
moreover,  the  blood  draws  into  its  current  the  effete  particles  which  are 
aet-firee  by  the  disint^ration  of  tiie  tissues  (probably  at  the  very  time  when 
it  gives-forth  the  components  of  the  newly-forming  stnichireB),  and 
conveys  them  to  the  various  organs  which  are  provided  for  their  elimi- 
nation.  Hence  the  Blood  not  only  contains  the  materials  for  the  renova- 
tion of  the  tissues,  but  also  the  products  of  theLr  decay  :  but  there  is  an 
important  diSEeronce  in  the  proportion  of  these  two  sets  of  components ; 
for  whilst  the  former  make-up  the  principal  part  of  the  mass  of  the  fluid, 
the  latter  are  only  detectable  in  it  with  difficulty,  so  long  as  the  excretory 
organs  maintain  their  nonual  activity ;  and  only  make  their  presence 
obvious^  when  they  acciunulate  unduly,  in  consequence  of  the  retardation 
or  suspension  of  the  eliminating  operatioajs. — But  besides  thus  meeting 
the  demand  occasioned  by  the  construct tvt^  operations^  and  preventing  the 
Its  of  the  destructive  from  exerting  an  iryurioua  influence  on  the 
'^fStem,  the  Blood  acts  (so  to  speak)  as  the  carrier  of  Oxygen  introduced 
from  the  atmosphere,  to  the  Muscular  and  Nervoiia  tissues,  to  whose 
peculiar  vital  activity  its  presence  appears  to  be  an  essential  condition, 
the  same  element  being  also  required  in  various  other  metamorphoses  which 
form  part  both  of  the  constructive  and  of  the  destructive  operations : 
wliili^t  conversely  it  imbibes  the  Carbonic  acid,  which  is  one  of  the  chief 
producta  of  the  action  of  oxygen  upon  the  tissues  and  fluids  of  the  body, 
and  conveys  this  to  tho  lunga  and  skin  for  elimination.  This  profluct  is 
continiiaJly  being  Ibrmed  in  such  large  amount,  that  it^  presence  in  the 
blood  can  always  be  readily  demonstrated ;  and  if  its  elimination  be 
checked  for  even  a  few  minutesj  it  accumulates  to  rach  an  extent  as  to 
occasion  the  immediato  destruction  of  life. — But  in  addition  to  the 
Histogcnetic  materials  and  Oxygen,  on  the  one  hand,  and  the  various 
products  of  the  disintegration  of  the  tissues  on  the  other,  the  blood 
contains  those  non-azotL2ed  substances,  which  are  received  into^  it  for  the 
piurpoae  of  supplying  the  pabnlum  of  the  Combustive  process ;  and  the 
imion  of  their  carlwn  with  oxygen  introduced  from  the  atmosphere, 
which  is  continually  going-on,  becomes  an  additional  sonrce  of  the  \ftQ- 
duction  of  carbonic  acid,  and  of  its  injurious  accumulation  if  its  elimina- 
tion be  checked. 
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141.  From  this  variety  in  the  operations  to  which  the  Blood  is  iub- 
servient^  it  naturally  follows  that  the  changes  which  it  undergoes  in 
diiferent  parts  of  its  circulation  are  of  a  very  diveraiiied  nature,  and  that 
the  compoaition  of  the  fluid  in  tlie  several  parts  of  its  course  will  he  far 
from  muform.  Between  the  blood  which  is  being  distributed  by  the 
systemic  Arteries  to  the  body  at  large,  and  that  whicli  is  being  collected 
Ironi  it  again  by  the  systemic  Veins>  after  having  percolated  the  tiasu^ 
there  is  not  only  an  obvious  difference  in  hue,  which  indicates  an  impor- 
tant change^  but  there  is  also  a  considerable  difibrence  in  composition, 
which  is  revealed  by  chemical  analysis :  and  a  difference  of  a  convene 
nature  presents  itself,  between  the  blood  that  is  on  its  way  to  be  distri- 
buted to  the  Lungs,  and  that  which  is  returning  from  them.  So,  again, 
although  there  is  no  obvious  dissimilarity  in  physical  characters  between 
the  blood  which  is  transmitted  to  the  Liver  by  the  vena  porta*,  and  that 
which  is  carried- oflE  from  it  by  the  hepatic  vein,  yet  chemical  analysis 
reveals  a  very  remarkable  difference  in  their  composition,  and  shows  that 
the  blood  of  the  ascending  vena  cava  (above  the  entrance  of  the  hej^tic 
vein),  tliat  of  the  right  cavities  of  the  heart,  and  that  of  the  pulmonary 
artery,  differs  from  all  other  blood  iu  the  body,  in  constantly  containing 
an  appreciable  quantity  of  a  peculiar  substance  readily  convertible  into 
sugar,  which  is  formed  in  its  passage  through  the  Liver.  In  like  manner 
the  researches  of  M.  Picard  have  shown  that  the  blood  of  the  reuiil  vein 
contains  a  smaller  proportion  of  the  chief  component  of  the  urinary  secre- 
tion, urea,*  than  that  of  the  renal  artery ;  and  in  many  other  cases  of 
blood  returning  from  particular  organs  we  know  that  important  diffe^ 
rencos  must  exist,  although  they  have  not  yet  been  detected  by  chemical 
analysis, — In  the  account  to  be  presently  given  of  the  Blood,  those  most 
general  characters  and  properties  will  be  first  described,  which  it  presents 
in  all  parts  of  its  circulation  ;  the  princiiml  differences  which  liave  been 
substantiated  in  the  composition  of  the  blood  in  the  several  portions  of 
Its  circuit,  will  then  be  noticed ;  and,  lastly,  a  summary  will  be  giv^en 
of  the  most  important  of  those  j^thological  alterations  which  it  exhibits 
in  disease. 

142.  The  quantity  of  Blood  contained  in  the  Human  body  is  probably, 
for  a  man  of  average  heigh t^  from  12  to  15  lbs, ;  but  its  precise  deter- 
mination is  more  difficult  than  inight  at  first  he  supposed^  and  the 
estimates  which  have  been  made  of  it  have  been  n>ost  strangely 
discrepant.  The  entire  amoimt  which  flows  from  a  large  arterial  trunk 
freely  opened^  can  by  no  means  be  taken  as  a  measure;  since,  however 
readily  it  may  be  permitted  to  escape,  a  considerable  quantity  still 
remains  within  the  blood-vessels,  especially  if  the  hcart*s  action  fail 
before  the  loss  of  blood  has  proceeded  very  iar,  so  that  it  is  not  drawu 
from  the  venous  system.  A  closer  approximation  may  be  made  by 
opening  several  vessels  at  once,  w^hich  was  tlie  method  adojitetl  by 
Herbst;!  who  estimated  the  proportion  of  the  weight  of  the  bJood  to 
that  of  the  entire  body  to  be  as  1  :  12  in  fhe  Ox,  as  1  :  16  in  the  Dog, 
as  1  :  1 8  in  the  Horse,  as  1 :  20  in  tlie  Ooat,  Calf,  Ljmih,  and  Hare,  as 
1  :  22  in  tlie  Sheep  and  Cat,  and  as  1  :  24  in  the  Rabbit.  Witli  th^e 
estimates  the  conclusions  drawn  by  Vanncr,  from  observations  made  in 

*  0.  Bom»rd,  "Le^om,^'  1859,  vol.  ii,  p.  31  ;  Ticard,  "  Thfine  but  J'Ur^e,"  iSSft. 
t  '*  Be  Soagaiuk  quontltnte^  quidb  boinltu  aciulto  et  i^no  cutiTeELLt. "  GoettiDgiep  1822, 
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the  abattmrs  of  Paris,  prettj  cloeelj  eorrespond  ;  for  he  was  led  by  them 
to  the  belief^  that  for  homed  cattle  in  general j  the  proportion  doea  wot 
Tary  fai  from  1:20  *  It  is  obvious,  howeTer,  that  no  such  inethcd  can 
give  more  than  a  minimum  ;  idnce,  even  aiier  the  most  complete  exsan* 
gai nation  that  the  freest  opening  of  the  vesaek  can  permit,  a  coaaiderable 
quantity  of  bl»Md  is  still  retained  in  themi  and  especially  in  those  of  the 
head*  Various  other  methods  have  been  siig]^ated,  none  of  which, 
however,  can  be  considered  as  yielding  more  than  approximations  to  the 
truth.  That  of  Vierordtf  consists  in  multiplying  the  quantity  of  blood 
which  ia  expelled  from  the  left  ventricle  at  each  pulsation  of  the  heart  by 
the  number  of  beata  which  occur  whilst  the  blood  performs  one  entire 
circuit  of  the  body.  He  estimates  the  former  (highly)  at  6*3  oz.  av., 
and  the  ktter  at  27 '7  b^ts ;  consequently  the  total  quantity  of  blood  ia 
about  12  lbs,  av,,  or  between  one-tweltlb  and  one- thirteenth  of  Uie  weight 
of  the  body.  Weteker's  method,  termed  also  tlie  "  chromatic  ■  *  or 
'*  colour  "  method,  gives  nearly  the  same  result  for  the  Dog.  It  consists 
in  first  roughly  estimating  the  quantity  of  blood  in  the  animal  by  rapidly 
bleeding  it  to  death.  The  |X)rtion  that  still  remains  in  the  small  vessels 
is  then  removed  by  the  injection  of  pure  water,  and  the  whole  body  of 
the  animal  is  finely  minced  and  infused.  These  liquids  are  mingled, 
and  on  comparing  their  tint  with  a  series  of  previously  prepared  "  colour 
tests,"  the  proportion  of  blood  in  which  is  accurately  known,  a  practised 
eye  may  discern  variations  in  tlie  colour  when  the  difference  in  tlie  quantity 
of  blood  does  not  exceed  4  per  cent.  An  interesting  collection  of  cases  has 
been  brought  together  by  Haller  J  of  the  amount  of  blood  lost  by  hffimor- 
fhage;  and  two  remarkable  instances  axe  cited  hy  Biirdach,§  from  Wris*- 
betg,  who  states  that  a  female  who  died  from  violent  metrorrhagia  had  lost 
2l>lbs,  of  blood,  and  that  24  lbs.  were  collected  from  the  body  of  a 
plethoric  female  who  had  suffered  death  by  decapitation.  In  the 
first  of  these  cases,  it  is  probable  that,  as  death  could  not  have  been 
immediutt,  some  increase  took  place  frotu  the  absorption  of  the  fluids  of 
the  body  ;  in  the  second,  however,  tlie  suddenness  of  the  discharge  of 
blood,  and  its  concurrence  with  the  destruction  of  life,  must  have  pre- 
vented any  oonsiderable  augmentation  from  this  source;  and  if  any 
such  increase  did  take  place,  it  probably  did  not  exceed  the  amount  of 
blood  remaining  imdischarged  in  the  vessels.  An  important  observation 
has  been  made  by  Bernard,  ||  that  the  quantity  of  blood  which  can  be 
obtained  from  a  fasting  anitnal  is  scarcely  more  than  one-half  of  that 
contained  in  its  vessels  shortly  after  a  full  meal ;  a  point  to  which  no  other 
observer  appears  to  have  hitlierto  paid  attention,  but  which  may  account 
for  Bome  of  the  discrepancies  observable  in  ^e  dlflerent  estimates^T 

*  **  ComptM  EeoduB,'*  tonii  xatvlii,  p.  649. 

t  **  PhyaioWgle/'  ISfil,  p.  113.        t  "  EkmenU  PltjBiologie/'  toJ*  tL  pp.  3  and  i. 

I  "  Tniii6  de  Fhyfilulogie/*  tiudmt  pA?  Joordamj  Iodl  tL  p.  110. 

II  **L&?ona,^^  1&69,  t.  L  p.  4in. 

"jl  VAlentb'i  method  ia  fgnnded  on  tb«  dimiantlcii  in  the  speciBc  gr^vit;  of  the  blood 
&fter  thfl  iajectioa  of  a  known  weight  rjf  wftter  into  the  irenebj  &£id  gave  for  dogs  the 
pnvporttaa  uf  ih«  v«lght  of  blood  to  that  of  body  gQDerallj  &a  1  :  4|  ('' Report,  f. 
AniU.  QDd  Phya./'  baod  iii.  p.  2S1).  Binkea  muthod  conaiated  in  the  injection  at  a. 
dejtnite  qujuitity  of  some  aaX'me  eompouad^  sa  aiitphat«  of  alumina^  a.tid  ltd  aubaequeat 
quii»ntltatWe  detenu Limtiou,  in  a  portiun  of  blood  drawn  from  &aotherp&rt  of  the  eyiitem. 
Thk  meiui»  of  eatbnatiou  givee  the  proportion  of  bL(K>d  to  th&t  of  tbo  body  m^  1  : 8  or  ata 
1 :9  (ttse  Pt^t  Dangtiaou'a  "Pbysiol.,"  7th  edjL,  vol.  li.  p.  102),  and  b  in  accordAQce 
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2,  Phifmcalj  Chemical,  and  Sttuetural  Characten  qJ  (Ae  Blood. 

143,  The  Blood  ai  it  flows-ioTth  from  an  opening  in  a  large  vessel ,  is 
an  apparently  homogeneous  li(juid,  posacaaing  a  alight  degree  of  viscidity, 
with  a  consistence  and  density  soniowhat  greater  than  that  of  water^  but 
especially  distmgm^ed  by  its  colon r^  which  is  usually  of  a  bright  scarlet 
when  it  is  drawn  from  an  artery,  arid  of  a  dark  purple^  sometimes  almost 
approaching  to  blacky  when  it  is  draivn  from  a  vein.  This  difference  of 
colour,  however,  is  by  no  nieans  constant ;  for  arterial  blood  may  some* 
dmea  be  unusually  dark,  whilst  venous  blood  is  occasionally  so  dori^H 
that  it  migbt  almost  be  taken  for  arterial.  The  ibrmer  condition  is  oq^^ 
servable^  when  from  any  cause  tho  respiratory  process  is  imj>eriectly 
eSectedj  as  in  the  foetus^  and  it  may  be  especially  notices!  during  opera- 
tlons  petformed  under  tlie  influence  of  anaesthetic  agents;  it  has  also 
been  remarked  by  Dr.  John  Davy,  as  usually  characterizing  the  arteriii^ 
blood  of  the  inJiabitanta  of  hot  climates:^  hut  in  tmy  of  these  cases,  t^^H 
ordinary  arterial  hue  is  acquired  by  the  blood,  when  it  has  bec^H 
siiiHciently  exposed  to  the  air.  The  florid  hue  is  presented  by  the 
venous  blood  of  animalfj  whicb  are  made  to  respire  pure  oxygen ;  but  it 
eeams  normal  with  some  iodividuals  whose  respinitioa  is  pecidlarly 
active.  It  is  well  marked  in  the  blood  returning  irom  an  actively 
secreting  gland,  and  from  a  quiescent  muscle. ']■  When  ordinary  venoifl 
blood  is  examined  in  thin  kyers,  it  presents  a  deep  red  or  purple  tint  b^ 
reflected  hght,  but  by  transmitted  light  it  assumea  a  greenish  hue,  thus 
presenting  the  phenomena  of  Dichroism;  a  peculiarity  which  is  not 
possessed  by  arterial  blood  (Brllcke)  :  but  when  the  gasee  of  the  blood 
are  wholly  removed  by  exhaustion,  both  arterial  and  venoua  blood 
aaaume  a  deep  black  colour. f^ — The  apeciiie  gra%ity  of  the  Blood  is  sttited 
by  NaMe§  to  vary  {within  the  limits  oi' health)  between  1050  and  1059  ; 
the  average  being  taken  at  lObb^  Tho  spec.  gr.  of  the  Corpuscle  is 
about  1088,  and  that  of  the  fluid  in  which  they  float  about  102ii,  The 
tihemical  reaction  of  the  blood  is  in\'ariably  alkahne,  and  very  important 
purposes  are  served  by  tMs  alkahnity. — The  temperature  of  tlie  Blood, 
usually  considered  to  be  about  IDO*'F.,  has  been  found  by  Bernard,  || 
in  on  ejc tensive  series  of  observ  ationa  mafle  with  extremely  sensitive  tlier- 
Tuoineters,  to  vary  several  degi-ees  in  diflerent  parts  of  the  body.  The 
blood  which  lias  the  lowest  temjierature  under  ordinary  circumstances 
IS  that  which  1ms  circulated  through  tlie  cutaneous  capillaries,  ivbere  it 
has  boeu  exposed  to  ^e  cooling  influences  of  evaporation  and  radiation ; 
though  Bernard  ascertained  thfit  on  carefully  enveloping  the  head  or 
limbs  of  an  animal  in  cotton  wool,  the  temperature  of  flie  arterial  and 
venous  blood  soon  became  equalized.  The  blood  of  the  left  ventricle 
again  is,  for  similar  reasons,  imiformly  of  a  lower  tem])erature  tlian  timt 
of  tlio  right.     The  highest  temperature  is  attained  in  passing  tlirough 

witli  tlie  re»iiltB  obtAined  by  LthmasD  and  Weber  In  their  exnmltiationj!  of  the  qnnutity 
uf  blood  diAcbiLrged  ttom  two  decapitated  cnrDUiaJa  (Lehm&mi,  ■*  LehrbucL,^*  2Dd 
edit,  hasid  iL  p.  234). 

*  **  Atijifejmical  and  PbjBiologicad  Besearch^H,'^  vol.  ii.  p^  HO. — This  fMt>  which 
barmoniieg  with  the  Inference  to  be  dm  wo  from  the  observed  resEilta  of  a,  high  ei^tenmE 
temjieratttre  iu  reducing  the  Qxcretion  of  carbonic  acid  (Chap,  vn.,  Sect^  2),  ia  of  great 
prat*tical  importimoo.  +  Beraurd,  **  Le^ouA,"  \M9,  toL  i,  p.  324. 

t  SetaclicnoWj  **  Sitaiingabcrichte  d.  KaU.  Ahad-  d.  Wies,''  xxxvi.  1859,  

f  Wngnci-'a  '*  Haodwbrtet-biiflh  Jer  Phya.,"  Art  '  BIul/  band  i.  p.  32, 
II  ''Le^ooA  am-  ka  Liquidea  d«  rUrganiniae,''  ljS£@,  iiL,  iv.,  v,|  ri^ 
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gliinds,  mtiacles,  and  nervea ;  ht  m  all  bucL  parta,  especiallj  during  die 
active  perforraaiice  of  their  ftmctioiia,  energetic  processes  of  oxjdatioii  are 
being  carried  on.  Hence  tlie  blood  of  the  Vena  Port^e,  which  has  trareraed 
the  capillaries  of  the  intestines,  spleeni  dc.j  i^  warmer,  especially  during 
digestion^  than  even  the  arterial  blood;  and  that  which  possesses  the  highest 
temperature  in  the  bodj,  and  which  is  frequently  2^^  or  3'^  F.  above  the 
ordinaiy  venous  blood,  is  that  of  the  Hepatic  Vein,  which  ha.s  been  sub- 
jected to  th©  active  assiniilative  operation  of  tfie  liver,^ — ►Wlicn  we  add  that 
tlte  Blood  has  a  saltisli  taste,  and  a  laint  odour  resembling  tlmt  of  the 
pulnionaiy  and  cutaneous  exhalations  of  the  animal  from  wMch  it  is 
drawn,  we  have  enumerated  aU  the  eh^^cteristics  which  can  be  made  out 
bj  the  unassdsted  senses* 

144,  When  the  Blood  is  examined  with  the  Micrc^cope^  however,  either 
immediately  upon  being  drawn,  or  whikt  it  is  yet  circulating  in  the 
vessels  of  the  living  body  (as  in  the  foot  of  the  Frog,  the  wing  of  the  Bat, 
or  any  other  membranous  expansion  of  similar  transparency),  it  is  seen 
that  its  apparent  homogeneity  is  not  real,  but  that  it  consista  of  two  very 
di^ereut  components.  These  are,  a  transparent  and  perfectly  colourless 
liquid  which  is  known  as  the  Lujuor  Sariguinia^  and  a  set  of  Corpiisch^ 
which  are  suspended  in  it ;  the  great  mass  of  t)ii^^^  last  present  a  distinctly 
rtd  hue,  and  it  is  to  their  presence  alone  that  the  colour  of  the  blood  is 
due ;  but  there  are  also  to  be  seen,  scattered  among  the  red^  a  few  which 
are  cohurkBSj  and  which  differ  from  the  red  in  some  other  particulara 
presently  to  he  noticed. — On  the  other  hand,  when  the  Blood  has  been 
drmwn  from  the  body,  and  is  allowed  to  remain  at  reat,  it  undergoes  a 
Bpontaneous  coagulation,  in  the  course  of  which  it  separates  into  a  red 
Crasmjuatium^  and  a  nearly  colourless  Semm*  The  '  craaaamentum ' 
or  *  clot'  is  composed  of  a  network  of  Fibrin,  presenting  a  more  or  less  dis- 
tinct fibrous  texture ;  in  the  meshes  of  which  the  Corpuscles,  both  red 
and  colourless,  are  involved,  together  with  a  certain  amount  of  serous 
fluid.  The  'serum,'  which  is  the  same  with  the  *  liquor  sanguinis' 
deprived  of  its  fibrin,  coiigukt^  by  heat,  and  is  therefore  known  to 
contain  Albumen ;  and  if  it  be  exposed  to  a  high  temp^ature,  sufScient 
to  deoompoae  the  animal  matter,  a  considerable  amount  of  earthy  and 
alkaline  ^ilta  remains.— Thus  we  have  four  principal  components  in  the 
Blood ;  namely,  Fibrm,  Albumen^  Corpuscles,  and  Balim  matter.  In  the 
circulating  blood,  tliey  are  thus  combined : — 

Fibnn         1 

Albumea     J  In  aolotioii,  formu^g  Liquor  6a]igmni«* 

Salta  j 

CorpusdeB, — §tiBp^Dd«d  in  Liqaor  Saogtimis, 
But  in  coagulated  blood,  diey  are  combined  as  Ibllows : — 

O^^aclei  i  ^''^i^S  Ciaflaamentum,  or  Clot 
^^*^     [  EemaiBing  in  solution,  forming  Serum. 

The  change  from  the  one  condition  to  the  other  is  due  to  the  fibriUatioji 
of  the  fibrin ;  which  usually  Uikes  place  so  speedily,  ss  to  involve  the 
Corpuscles  floating  in  the  *  liquor  sangidnis,'  before  they  have  time  to 
subside ;  although,  under  yarioua  conditions  hereailer  to  be  described, 
it  may  occur  in  such  a  manner  that  tlie  clot,  or  a  portion  of  it,  is  left 
colourless. 
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145.  The  I^atl  CorpuscleM  of  the  Blood  (comraonlj,  but  erroneoiialy, 
termed  *  globules')  are  minute  bodies  of  a  flattened  or  discoidal  Ibrm,  which, 
in  M^i,  as  in  most  of  the  Mainmalia^  have  a  diitinctly^circular  outliBB 
(Figs.  36,37).  In  the  discs  of  Himiao  blood  (37,  i)^  when  this  is  examiae  ~ 
in  its  natural  condition,  the  sides  are  somewhat  concave ;  and  there 
bright  spot  in  th€  centre^  which  \im  been  r^arded  by  many  as  indlc 

ing  the  existence  of  a  nucleus;  though 

Fid.  36.  it  is  really  nothing  else  than  an  effect ' 

of  refraction  f  and  may  be  exchanged 

for  a  dark  one  by  slightly  altering 

the  focus  of  the  Microscope  (Fig.  36). 

The  form  of  the  disc  is  very  much 

^       S^    altered  by  various  reagents  i  for,  if 

the  Red  Corpuscles  be  treated  with 

water,  or  widi  a  solution  of  sugar, 

albumen,  or  salt,  which  is  of  less 

density    than  tlie  liquor  sanguinis, 

they  iirst    become   ^t,   and    thea 

R«d  CorpoHciei  of  nnmtiti  jno^i  reprc«ciit*j3  doublo-convex,  SO  that  the  central 

ftta^as  thi'Y  nre  leen  wis  en  roilher  beyuurf  the  .   j.  j    v  /_■ 

ftMiotoftheniicTOfleoiJCi  andjit&jastbejmppiiir  Spot  disappears;   and  Dy  a  ooatinu- 
whtia  ffiUiin  tliu  focua,  ^^^  ^f  ^^^  g^me  pfocesi,  they  at  last 

become  globular,  and  so  attenuated 
that  a  diflusioa  of  their  iubetanoa  seems  to  take  place  through  the  aur- 
roundiog  liquid.  If,  on  the  other  hand,  they  are  treated  with  a  thick  syrup 
or  with  a  strong  solution  of  albumen  or  of  salt,  they  asaiime  a  shrunken 
appearance ;  the  first  oifect  of  the  process  being  to  increase  the  concavity, 
and  to  render  the  central  spot  more  distinct.*  It  is  probable  that  the 
Blood-corpuscles,  even  whilst  they  are  circulating  in  the  living  veaieki 
are  liable  to  alterations  of  this  kind,  ftom  variations  in  the  density  of  the 
fluid  in  which  they  lloat ;  and  that  such  alterations  may  be  constantly 
connected  with  certain  disordered  states  of  the  system  .f  Thus,  even 
without  such  an  alterattou  in  the  Blood  as  would  constitute  disease,  its 
l^oportion  of  water  may  bo  temporarily  so  much  diminished  by  diuresis 
or  excessive  perapiratioQ,  unbalanced  by  a  corresponding  ingestion  of 
liquid,  that  the  corpuscles  may  be  made  to  present  a  granulat^  edge; 
which  is  rendered  smooth  again  by  the  dilution  of  the  liquor  sanguinis 
with  water.  We  henc«  see  the  necessity,  in  examining  the  Blood  micro- 
acopically,  for  employing  a  fluid  for  its  dilution,  that  shall  be  as  nearly 
Bfl  possible  of  the  same  character  with  its  ordinary  *  liquor  sanguinis.' — • 
In  the  accompanying  Fig.  (37),  which  shows  the  form  and  size  of  the  retl 
blood-corpusclea  of  animals  belonging  to  each  division  of  the  Vertebrate 
ctaaa,  most  accurately  drawn  to  s^e  by  Mr.  Gulliver,  |  it  will  be  aeeu 

*  A  large  dumber  of  oxperimentft  of  thii  kmd  were  mjide,  and  their  reiults  accurately 
rocortled,  bj  Hewson  (see  his  **  Inquiry  into  the  Pro|>ertieB  of  the  Blood/'  1782,  Had  big 
'*  Dfiecription  of  thi^  R«d  Particles  of  the  Blood,"  1788),  'who  drew  from  them  the 
infereniie  of  tke  vefirular  chfimcter  of  the  Eed  Corpuaclea,  See  also  the  Leotarea  i>f 
Mr.  Anoel]  on  the  Blood,  in  the  ''Lancet*'  for  1339;  the  Memoir  of  Dr.  G.  0. 
fteee&iid  Mr.  S.  Lane,  in  "  Gny'fl  Ho&p.  Hep./'  No.  xili.  ;  and  tbo  eiceltent  Lectures 
bj  Mr.  QutLW«r,  doLlverod  at  tha  College  of  Siit^ozii  in  1802-63,  ia  *'  Med,  Times 

t  See  Or,  Q.  O.  Eeei'a  '  QtdBtoni&n  Lectures*  ia  the  ''MedioLL  G^seite*'  for  1315. 
t  3eo  *  Froc«edin^  of  the  Zoobg.  Soc.  of  Lpodou/'  li^'2,  |u  101. 
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that  whilst  in  Man  and  all  Maranialiaj  witli  the  exception  of  tlie  Camel 
tribe  (4),  they  arej  circular,  and  destitute  of  a  nucleus,  or  apyreoaj' 
iEmtQTi%*    in   Birda^  Reptiles,  and  Fish  tbe  corpuscles  ure  uniformly 
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oval  and  nucleatetl,  or  pyrensemakms ;  in  the  Camel  tribe,  though  the 
corpuscles  are  oval^  yet  they  conibrm  to  the  Mamnmhan  type  in  being 
free  from  a  nucleus,      Mr,   Gulliver  Ima  particularly  insisted  on  tJiia 


'  ft,  iuit>  wv^tfHf  m  aacUaa^  and  ai/i4,  blood. 


15l 


OF  TUH  BLOOB; 


difference  in  the  blood  of  tlie  Mammalian  and  OviparoTiB  Vertebrata,  main- 
taming  it  to  be  the  only  aingle^  universal,  and  chamcteristic  dilEereiice  be^- 
tween  them,* — In  tbe  present  state  of  om*  knowledge  it  ia  difficult  to  eay 
whetber  the  Red  Blood-corpuscles  of  Man  and  Mammalia  are   to 
regarded  aa  ceDs  or  as  nuclei.     In  tlie  majority  of  modem  physiologic^ 
works  they  are  described  as  cells,  posseaaing  cell-waU  and  cou tents ;  am 
from  the  jMKiidiar  reactions  which  they  present  with  aolution  of  magenta 
and  of  tatmin,  Br.  Koberte,  of  Manchester,  has  been  led  to  conceive 
that  they  actually  posaeaa  a  double  wall^  an  external  one  corresponding     , 
to  the  outer  or  iccondary  cell-widl  of  plants,  and  an  inner  more  delical^j^H 
one   coiregponding  to  the  primordial  utricJe.f     On  the  co^trarj,  Di^^ 
Dal  ton  4  from  a  study  of  their  microGoopical  eharactera,  regards  them  as 
being  minute  but  perfectly  bomogeueoufl  massea  of  organi^e<l  substance , 
of  the  aame  colour,  consistency,  and  coDiposition  tljrougliout ;  whilst  Mr< 
Gulliver  and  Air.  Whartod  Jonea,  from  conaiderationa  connected  wi^ 
their  development,  regard  them  aa  free  nuclei,  though  modiBed  in  such  ij 
manner  as  to  posaeaa  quite  apecial  charaeteriatica. 

146,  The  Jorjii  of  the  Red  Corpuacles  ie  not  unfreqneiitly  Been 
change  during  their  circulation ;  but  thia  is  generally  in  consequence 
pressure,  from  the  effects  of  w^iich,  how*ever,  they  quickly  recover  the 
selvei.      In  the   ciipillin*y   vessels,    they   aomeiimea    become    suddenly 
elongated,  twisted,  or  bent,  tlirough  a  narrow^iog  of  the  channel;  and 
thia  change  may  take  place  to  such  a  degree  aa  to  enable  the  disc  1 
pass  through  an  aperture  w4iich  appeara  very  minute  in  projKirtion  to  i 
diameter.     When  undergoing  spontaneous  decomposition,  the  blood -dia« 
become  granulated,  and  aometiinea  (^la  long  since  noticed  by  Hewsoia 
even  mulberr}'^^Bhaped ;  and  particles  in  which  these  changes  appear  to  be 
commencing,  may  be  found  in  the  blood  at  all  timea, — ^The  ske  of  the 
blood-disca  ia  liable  to  considerable  Tariation,  even  in  the  same  individual; 
some  lieing  met- with  as  much  as  one- third  larger,  whilst  others  are  one- 
third  smaller,  than  the  average.     The  diameter  of  tlie  corpuBclee  bears  no 
constant  relation  to  the  aize  of  the  animal,  even  within  the  limits  of  the 
same  Class ;  tlins,  although  those  of  the  Elepl  lant  (2,  Fig,  37)  are  the  largest 
among  Mammalia  (aa  far  sa  is  hitherto  known),  those  of  tie  Mouse  tribe 
are  far  from  being  the  smallest,  being,  in  fact,  more  than  three  times  the 
diameter  of  tliose  of  the  Musk  Deer  (3,  Fig*  37).     There  is,  how^ever,  oa 
Mr.  Gulliver  haa  remarked,  a  more  tmiform  relation  betweeii  the  size  of 
the  animal  and  ihat  of  its  blood- diacs,  when  the  comparieon  is  made 

*  The  folio wiDg  ra^iv^urcmetita  of  the  blood  of  domestic  flalroala  (expresacd  in  traetiocB 
of  nn  Bogliftb  iDcb)  may  t€  s^kcisd  from  Mr.  Gulliver's  very  nutoerotie  mid  iLccurat^ 
measureineaU,  a£  the  moat  likely  to  becume  of  interest  in  Javidical  iiiqdrics^  tbaugb  i^ 
niQfit  be  remi^tubf^ti^  tbat  the  corpusciea  abriiik  ^igbtlj  in  the  proceaa  of  dryiQg. 
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A  Tabular  Bytnmary  of  Mr*  ^ttUirer^B  very  numorous  and  acciunte  meaeureineata  of  t]i« 
E^  CurputK:lefl  of  tbv  Blood  gf  dLff^r^nt  antmalH,  from  till  theduseajmd  mo«t  of  ll»e  urdera 
of  the  Vertebrate  leries,  is  conlAiD^d  in  the  **  Frocoeduigs  of  the  Zoologiail  Society,'' 
No.  eii.^  lyidalflo  in  bia  Bditi<»tiof  tbe  *'  Worka  of  Be^-suii'*  d ready  referred  to,  publi&bcd 
by  ibe  %doiiljiuD  Society  tp*  2^7). 

t  Sw  "  Prt>cwd.  yf  KwyifcJ  Society »"  toI.  3tii,  1^63,  p,  481. 

t  Hda  bta  ''  Huuuui  Pbyaiology/*  135P»  pu  ISi. 
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within  tb^  limits  of  tho  eame  Order,  In  Man,  their  diameter  varies 
from  about  1 -4000th  to  1 -2800th  of  an  inch,  the  average  diameter 
being  probably  about  l«3200t;h ;  and  their  avenige  thicknesa,  according 
to  the  same  excellent  observer^  ia  about  1-1 2,400th  of  an  inch.  Accord- 
ing to  the  recent  estimates  of  Vierordt^  a  cubic  centimetre  of  blood 
(which  ia  no  more  than  about  G-lOOths  of  a  cubic  inch)  contains  no 
fewer  than  5,055,(^00  red  corpuscles,  and  about  14,000  colourleaa  onea; 
whilst  bj  Welcker  the  number  in  the  same  quantity  is  estimated  at 
4,600,000.' — The  colour  of  the  Bed  Corpuscles  ia  veiy  pale  when  tliej 
lying  in  a  single  stratnm ;  and  it  is  only  when  we  see  three  or  four 
iperposed  one  upon  another,  that  tlie  full  deep  red  tint  of  their  contents 
becomes  apparent.  The  i^use  of  the  difference  in  hue  between 
the  corpmcles  of  arterial  and  thoee  of  venous  blood,  will  be  considered 
hereaJ^r. 

147-  The  Bed  Corpuscles  are  composed  of  a  substance  termed  Haema- 
toglobidin,  which  imder  favourable  conditions  ia  capable  of  assuming 
[M  crystalline  form.  This  circumBtance  has  led  many  to  consider  it  a 
lie  chemical  compound  of  honiogeneou3  and  tiniform  composition, 
hilflt  others  regard  it  aa  composed  of  two  materials, — Globulin,  a 
^  ble  stibstance  nearly  allied  to  Album  en  ^  and  H^matin,  to  which 
e  colour  of  tlie  corpuscles  is  altogether  due  ;  and  recently  C\  O*  Leh- 
lannf  has  stated  that  he  has  been  able  to  separate  the  ha^msitin  from  the 
buminous  constituent,  which  he  terms  HccmatocrystaHin,  and  has 
ined  the  latter  in  colourleas  crystals.  The  difficulty  of  detemiining 
IS  question  is  greatij  increased  from  the  variety  of  substances  which 
ve  been  termed  Hsematin  by  chemists,  and  also  from  die  circumstance 
I  several  kinds  of  crystals  have  been  obtained  from  blood.  According 
V.  Gorup-Beeane^,|  we  are  still  imacquainted  with  the  true  colouring 
.tter  of  the  blood  \  lor  whilst  the  Ilaematin  of  Lecauu  and  of  Berzelius  is 
faaorphous  and  insoiuble  in  water,  alcohol,  ether,  and  oils,  that  of  Sanson 
jfiML^t  obtained  by  Eobin  and  Verdeil,  though  amorphous,  is  soluble  in 
lyeobol,  ether,  and  dilute  acids;  whilst  that  obtained  by  Lehmann  as  the 
result  of  the  action  of  a  mixture  of  1  part  of  alcohol,  4  parta  of  ether,  and 
l-16tli  of  oxalic  acid  upon  iresh  blood  is  crystalline,  preaentmg  the  form 
of  tliin  brownish  and  browmah-green  striated  transparent  laminie,  often 
curiously  twisted  upon  their  long  axis,  and  soon  spontaneouflly  dmnging 
into  ilat  rhombic  octohedra.  The  Globulin,  if  it  be  really  a  diBtinct  sub- 
attmce,  certainly  stands  in  close  relation  to  albumen,  and  constitutes  by 
hr  the  largest  portion  of  the  corp^iscles.  Its  solutions  coagulate  on  heating, 
but  do  not  perfectly  sepiirate ;  the  fluid  passing  through  a  filter  in  a  turbid 
condition.  The  original  solution  in  water  has  a  neutral  reaction ;  but 
jifter  coagulation  and  iiltration  the  fluid  gives  an  acid  reaction,  probably 
Irom  the  presence  of  acid  phosphates.  When  a  solution  of  globuiin  ia 
made  eitlier  witli  dilute  acetic  acid  or  dilute  ammonia,  precipitation  occurs 
rni  exactly  neutralizing  the  fluid. 

148*  As  regards  the  Crystals  which  can  be  obtained  from  the  Blood j 
Bojanowskig  has  enumerated  no  less  than  four  varieties,  which  are 
respectively  termed  lliematoglobulin,  Ha^matoidin,  Uemstin,  and  Ha^min* 

•  ^ee  Pprit  Ltjknjaiiii^s  "  PbyaiolDgischen  Cfaemi»,"  2ncl  ^tlit.^  baud  ii.  p.  194» 
t  Henle  *ml  Meia^ner  s  **Beriabt,"  ia5&,  p*  '25& 

I  S«e  8i«buM  omI  Kuiiiker's  "  ZtsiUdinh,"  Uad  xiK  13^2,  pw  312. 
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Si4}od-Crytt9h,  (1)  pmm*tie,  from  Ifunum  bleed, 
(2)  t*tricdnil»  from  PI^a  bkHxU  (3)  tKiTW^onal  pMct, 
hma  &^uirii]J'f  bloods 


I.  ilEBm^itciglohuHii  Crystals  (Fimke)  may  be  obtained  from  blood 
tj^rough  which  first  oxygen  and  then  carbonic  acid  has  been  oondncled 
under  tlie  influence  of  sunlight;  or  it  may  be  found  in  blood  that  has  simply 
stood  in  a  cold  temperature  for  some  hours.     They  present  considerable 

variety   of   form   in    different 
Pjq   gg^  animals.     Fn  Man,  from  whose 

splenic  blood  they  can  be  ob- 
tained with  facility,  their  sliape 
^^  ^  ifl  sometimeB  that  of  elongated 

^^^  Jt         ^^   KS  rectangular  prisms^  and  some- 

^^   Jr  '^■^^  times  that  of  rhombs;  in  the 

I     ^jg^p  ^L  Mouse    and    Guinea  Pig  they 

^m     ^^^^-.  1^     ^^^        form  tetraedra^  in  the  Hamster 

^r  4li^^^  IHh&       rhombohedra,    whilst    in    the 

aw  (     ^iB  ^^fefc   *i^^       Squirrel  they  are  hexagonal.* 

^  ^^^  .^^M  They  are  unstable^  dehquescing 

on  exposure  to  the  air,  and  solu- 
ble in  water,  the  solution  giving 
a  precipitate  on  being  heated. 
Acetic  acid  and  ammonia  dis- 
solve tliem  readily^  but  they 
are  insoluble  in  aJcohoL  They  are  doubly  reiractile  and  pleochromatic 
as  regards  lights  and  appear  to  be  destitute  of  taste  and  smell. 

II.  It  is  uijcertain  whether  the  crystals  which  form  in  blood  tiiat  has 
long  been  extrava^ted,  as  in  old  apoplectic  clots  and  corpora  lutea, 
consist  of  HoematoglobulLn  or  of  Heematin  alone  ^  though  the  proba- 
bility is  in  favour  of  the  latter.  They  are  termed  Htematoidin 
crystals  by  Virchow,  fonn  rhombic  plates,  and  appear  to  be  of  a  more 
Btiible  character  than  liiose  last  mentioned.  They  are  insoluble  in  water, 
alcohol  J  ether,  and  acetic  acid|  but  are  soluble  in  chloroform,  and  give  witli 
sulpliuric  acid  a  play  of  colours  eimilar  to  those  given  by  Bile  with  nitric 
acid ;  which  is  a  fact  of  importance  when  connected  with  Zenker  and 
Funke's  observation,  that  Bililulvine  can  readily  be  converted  into 
Hsematoidin. 

m.  The  Hsematin  Cryatals  obtained  by  FoUer  and  others,  by  the  con* 
tinuouB  transmission  of  Carbonic  Acid  through  a  solution  of  Hffiinatin, 
appear  to  resemble  the  preceding  Ilcematoidin  Cry  stills  very  closely  in 
their  reactiona.     Bojanowaki  was^  however,  imable  to  obtain  them* 

IV.  Lastly,  the  exact  nature  of  the  Haemin  Ciystala,  %vhich  Teichnmnn 
obtained  by  the  action  of  strong  Acetic  Acid  on  I31ood  and  evaporation  at 
a  bw  tempera ture,  ia  still  undetermined.  Their  colour  is  red  brown  or 
black,  becnming  violet  on  exposure  to  oxygen,  and  losing  their  traiis-< 
parency  on  expoaure  to  carbonic  acid;  their  form  is  that  of  rhombic 
tablets,  often  arranged  in  stars  or  crosses ;  and  they  are  insoluble  in  moat 
reagents,  The  formation  of  these  crystals  has  been  employed  as  a  l 
for  stains  of  blood  in  medico-legal  investigations.f 

*  Tbeae  several  vmiciles  may,  however,  according  to  Br.  Hollttt  (**MolefleIiott*a  Unter^ 
iucb/*  18€3,  p.  22),  be  rcduded  to  two  syAtema  of  crjatnllibe  foL'tiiH^  oamQlj,  the  Ebonibk 
and  the  HeKUgon&l,  to  the  lattpr  of  which  the  crjataLa  of  the  blood  of  the  SSqiiirrel  aloae 
Nlotig ;  tiho«e  of  tbo  Uuinea  Fig,   hitherto  c^oBiderod  as  regular  cry^tak^  bebg  in 
r«&htj  tha  h&lreft  of  RhombLc  pyramid &. 

t  S«o  Teichmniio,   '^ZeiUchrift  f.  Bat.  Med.,"  N.  F,  iii,  m^,  viU.  141  j  KbUiker. 
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1000  parts  of  Liquor  Sanguinis  contain 

Water 90290 

Solid  i^sidae 97 '10 


Fibrin  .... 
Albumen  .     .     .    . 

Pat 

Bztractive  matters . 
Mineral  snbstanoes 


4-05 
78-84 
1-72 
8-94 
8-55 


Chlorine 8*644 

Salphnrio  Aeid 0*115 

Phosphoric  Acid 0*191 

Potassium 0*323 

Sodium 3*341 

Oxygen 0*403 

Phosphate  of  Lime 0*311 

Phosphate  of  Magnesia .     .     .     .  0*222 


149.  The  following  is  given  by  Prof.  Lehmann*  as  the  relative 
Chemical  constitution  of  the  Red  Corpuscles  and  of  the  Liquor  Sanguinis, 
which  there  is  a  great  advantage  in  thus  bringing  into  comparison  : — 

1000  parts  of  lUd  Corpuadei  contain 

Water 688*00 

SoEdreBidne 312*00 

Hsematin  (includmg  iron)  .    .     .      16*75 
Globolin  and  oell-membmne  .     .     282*22 

Pat 2*31 

KxtraeiiTe  matters 2*60 

Miiieral  substances  (inclnsiveof  iron)    8*12 

Chlorine 1'686 

Solphurie  Add 0*066 

Phosphoric  Add 1*134 

Potassium 8'328 

Sodium 1-052 

Oxygen 0*667 

Phosphate  of  Lime 0*114 

Phoq>hate  of  Magnesia      .     .     .  0.073 

Prom  this  we  see  that  not  only  do  the  Heematin  and  Globidin  of  the 
Corpuscles  replace  the  Fibrin  and  Albumen  of  the  Liquor  Sanguinis,  but 
the  proportion  of  Fat  in  the  former  is  considerably  greater  than  in  the 
latter ;  and  that  although  the  whole  amount  of  mineral  matter  (excluding 
the  iron  of  Hssmatin,  which  would  amount  to  1*17)  is  nearly  the  same 
in  the  Corpuscles  as  in  the  Liquor  Sanguinis,  yet  that  there  is  a  most 
remarkable  and  significant  difference  in  its  constituents  in  the  two  cases 
respectively.  For  while  the  Chlorine  of  the  corpuscles  is  to  that  of  the 
liq.  sang,  as  1  :  2*16,  the  Phosphoric  acid  of  the  corpuscles  is  to  that  of 
the  liq.  sang,  as  nearly  6:1;  and  whilst  the  Sodium  of  the  corpuscles  is 
to  that  of  the  liq.  sang,  as  1 :  3*3,  the  Potassium  of  the  corpuscles  is  to 
that  of  the  liq.  sang,  as  10*3  to  1.  Hence  it  is  obvious  that  the  Chloride 
of  Sodium  of  the  blood  must  be  principally,  if  not  (as  Sacharjin  contends) 
entirely  contained  within  the  liquor  sanguinis,  whilst  the  Potash  of  the 
blood  is  almost  whoUy  included  in  the  substance  of  the  corpuscles ;  and 
firom  the  excess  of  Phosphorus  in  the  corpuscles,  as  well  as  of  Fat,  it  may 

"Manual  of  Human  Histology,"  1860  ;  Virchow,  "Cellular  Pathology,"  1860,  pp.  143- 
146  ;  T.  Gorup-Besanes,  •*  Phys.  Chem.,"1862,  pp.  176-194 ;  Funke,  "Physiologic,"  4th 
edit.  1863,  p.  45. 

♦  "  Physiological  Chemistry"  (translated  by  Dr.  Day),  vol.  ii.  p.  160.— It  is  to  the 
admirable  Essay  of  Schmidt,  "  Charakteristik  der  Cholera,"  that  Physiologists  and 
Chemists  are  indebted,  for  the  first  direction  of  their  attention  to  the  importance  of 
separately  estimating  the  composition  of  these  two  principal  constituents  of  the  Blood, 
and  for  the  indication  of  the  means  of  doing  so.  Recent  investigations  by  Sacharjin  have 
thrown  some  doubt  upon  Schmidt*s  calcuktions,  on  which  the  aboTC  table  is  founded, 
and  which  were  made  on  the  assumption  that  the  proportion  of  moist  corpuscles  could 
be  ascertained  by  multiplying  the  weight  of  dry  corpuscles  (obtained  by  the  method  of 
Prerost  and  Dumas)  by  4.  The  following  table  shows  the  difference  in  the  results 
obtained  by  the  two  experimenters  : — 


In  1000  parts  of  Blood, 

Moist  Corpuscles 

Liquor  Sanguinis 


Schmidt, 
61304 
486-96 


Sacharjin. 
344-177 
655-823 


1000  1000 

It  is  requisite  to  observe,  however,  that  Sacharjin's  experiments  were  made  on  the  blood 
of  the  Horse.     See  *'  Canstott's  Bericht,"  1861,  p.  213. 
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he  fairly  concluded,  that  it  is  in  them  tliat  the  peculiar  *  phofiphomed  ^ts* 
are  chiefly  forme<l*  The  lied  Corpuaclea  appear  to  have  a  remarkivble 
power  of  absorbing  cerLiin  gaaea  \  for  it  has  been  tomid  by  Van  Maack 
and  Scherer,  that  a  solntion  of  hsematin  inibibea  a  consider  able  amount  of 
oxygen,  the  latter  of  these  chemists  having  also  aacertained  that  after 
the  absorption  of  oxygen  there  is  a  nhght  development  of  earl>omc  a^-icL 
The  Red  Corpitsclea  are  conaidembly  heavier  than  the  sertim  in  which 
they  are  suspended;  their  normal  specific  gravity  being  irom  1088*5  to 
1088*9  in  man,  and  from  1088-0  to  1088'6  in  woman;  while  that  of  the 
Serum  averages  1028- 

150.  In  addition  to  what  haa  been  ah'eady  stated  of  the  influence  of 
water,  saline  and  other  solutions,  and  acetic  acid,  upon  the  form  and  con- 
dition of  the  Eed  CorpUM:leB,  the  folio  wing  facts  may  be  stated  with 
regard  to  the  effects  of  these  and  other  reagents.  Upon  exposure  of  the 
corpuscles  to  the  influence  of  piu*e  wateTi  they  swell  up,  become  globularj 
and  so  pale  that  their  outline  am  only  be  traced  \rith  the  greatest  diffi- 
c\dty*  Yet  unless  putrefaction  have  set  in,  it  is  certain  that  thej  are  not 
BOiuble  in  it,  since  they  can  readily  be  again  brought  into  view,  even 
after  weeks  of  maceration,  by  the  application  of  a  httle  iodine  or  corrosive 
sublimate,*  The  numerous  observations  made  upon  the  action  of  various 
reagents  upon  the  corpitscles  by  MiLQer,  IlQmield,  Simon,  and  otheraj  are 
almost  useless,  from  the  circumstance  that  they  were  made  indifferently 
on  the  blood  of  frogs  and  on  that  of  the  higlier  Yertebrata,  although 
the  effects  produced  in  the  two  cases  are  vei^y  different.  As  a  general 
rule,  it  may  bo  stated  that  the  red  corpuscles  of  "Mmx  and  the  higher 
Mammalia  resist  chemical  reagents  (like  nuclei  in  general)  to  a  very 
extraordinary  degree,  whilst  the  pale  corpuscles  are  more  easily  acted  on^ 
becoming  ropy  {hke  freah  ceUs  in  general)  under  the  influence  of  alkalies 
and  various  alkaline  salts.  BUe  and  urea  appear,  however,  to  dissolve 
the  red  blood- ce Us ;  tliongh  the  addition  of  Urine  seems  to  exert  no  other 
influence  upon  them  thini  a  sahne  solution  of  equal  density  would  do,  as 
was  1  ong  since  ascertained  by  Hewson.  W  ith  soluti  ons  of  magenta  th  ey  swell 
up  and  assume  a  feint  rose  colour,  wlukfc  a  dark  red  s|>ot  appears  upon  some 
point  of  their  circimiference*  The  white  corpuscles  are  stained  of  a  deeper 
red,  and  their  nuclei,  which  are  brought  clearly  into  view,  become  of  a 
deep  carbuncular  red  colour.  With  solutions  of  tannin,  after  the  lapse  of 
twenty  or  t!urty  seconds,  some  point  of  the  circumference  of  the  re<l 
corpuscle  appears  to  give  way,  and  a  small  button  of  a  highly  refractil^ 
substance  projects,  wliich  sometimes  appears  to  contain  a  vesicular  body 
that  can  again  be  retracted  into  tlie  corpuscle  by  the  action  of  aceti^ 
acid.f  It  is  ftirther  remarked  by  Prof  Lehmann,  that  some  of  the  Red 
Corpuscles  resist  the  influence  of  reagents  much  more  than  others  do ; 
ami  he  infers  that  the  latter  are  tlie  older  cells,  as  having  tlie  Btrongcs^t 
tendency  to  disintegration ;  whilst  those  which  present  an  unusual  resist- 
ing power,  he  infers  to  bo  young  cells  which  have  not  yet  acquired  the 
normal  characters  of  tJie  red  corpuscles.  { 

15K  The  Bed  Corpuscles,  when  freely  floating  in  the  liquor  sang 

*  OnlliTer,  "hand.  &nd  Edin.  Phil.  Mftg."  for  1S40,  p.  106  ;  and  LccturH  i 
Timet,"  1862,  p,  l€2« 

f  Eobertfy  loc  ^t.    B&i  also  RrndfleiJ^^h,  ''  Experimentbl  Studii^Ti  El)er  die  Hi&iologie 
dea  B lutes/*  Leipzig,  186$. 

X  op.  Git.,  TO  I.  ii,  pp*  184,  185. 
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of  blood  no  longer  in  motion,  exliibit  a  marked  tendency  to  approximata 
one  aaother ;  usually  coining  into  contact  hj  their  flattened  atirfkce.%  so 
that  a  number  of  them  thus  a^gr^gated  present  tho  appeamnce  of  a  pile 
of  coins  I  or,  if  the  stratum  be  too  thin  to  permit  them  to  lie  in  this 
manner,  partially  overlapping  one  another,  or  even  adhering  by  their 
edgea,  which  then  freqiiently  become  polygonal  instead  of  circular.  The 
corpuscles  when  thus  adherent,  resist  the  influence  of  forooa  which  tend 
to  detach  them^  and  will  even  undei^o  considerable  changes  of  shape, 
rather  than  separate  irom  each  other ;  if  forced  asunder,  however,  they 
resume  their  normal  form.  After  thug  remaining  adJiereut  for  a  time, 
they  seem  to  lose  their  attractive  force  ;  for  they  are  then  seen  to  separtite 
from  each  other  spontaneously.  Tliis  pecuhar  tendency  to  aggregation 
ia  most  strongly  manifested  in  inflammatory  blood,  and  assists  in  the  pro- 
duction of  tlie  buffy  coat ;  whilst,  on  the  other  hand,  it  seeing  to  be 
neutralized  by  the  action  of  most  sfiline  substances,  since,  if  these  he 
added  to  the  blood,  the  corpuscle  do  not  ran  together,  or  instantly 
separate  if  they  have  already  become  adherent* 

153,  Besides  the  red  corpuscles  of  the  Blood,  there  are  others  which 
possess  no  coIouti  and  might  seem  to  have  a  tunction  altogether  different ; 
these  are  known  as  til  e  H^ife  or  Colon  r- 
ie^s  corpuscles.  Their  existence  has 
long  been  recognized  in  tlie  blood  of 
Hie  lower  Vertelirata^  whcTCi  &oni  being 
mucli  smaller  than  the  red  oorpujcles, 
as  well  as  from  differing  widely  in 
sliape,  they  cpuld  readily  be  distin- 
guished. But  it  is  only  of  late 
(chietly  through  the  researches  of 
Gulliver  *  Addison,t  and  others),  that 
they  have  been  recognized  in  the  blood 
of  Man  and  other  Mammalia  ;  their  ai^e 
being  nearly  the  same  with  that  of  the 
red  corpuscles;  and  the  general  appear- 
ance of  the  two  (owing  to  the  circular 
form  of  the  latter,  and  the  absence  of 
a  central  nucleus/)  bei:ng  leas  diverse 
(Fig*  39),     It  is  remarkable  that,  not^ 

withstsmding  the  great  variations  in  the  size  of  the  red  corpuscles  in 
the  different  classes  of  Vertebrata,  the  dimensions  of  the  eohurlcs.^ 
corpuscles  vary  but  little  throughout  the  Vertebrate  subkingdom ; 
their  diameter  being  seldom  much  greater  or  less  than  l-30()Dth 
of  an  ii>ch  in  the  warm-blooded  Vertebrata,  and  1 -2500th  of  an 
inch  in  Reptiles.  This  holds  good  even  in  those  animals,— fiuch 
as  the  Mtuk-Decr,  and  the  Proteus, — which  present  the  widest 
departure  from  the  general  standard  in  tlie  size  of  their  red  corpuscles ; 
BO  that  the  colotirless  corpuscle  is  as  much  tm  four  times  the  diameter  of 
Uie  red,  in  one  instance  ;  whilst  it  is  not  one-eightli  of  the  long  diameter 
of  the  red,  in  the  other. — The  common  pale  Corpuscles  of  the  Blood, 
though  similar  in  appearance,  are  somewhat  larger  than  iJie  proper 
globule  of  lyraph  or  chyle,  and  there  ia  a  marked  difference  in  their 

*  Notei  And  App©rnlix  to  TmnsUtion  of  **  Gcrber**  Gener*]  AoAtomj.'* 
+  "  T««i«M!tiotiH  nf  Provincial  Mediml  Aftaodfttton/'  1842  und  I  Si  3. 


pDJR^Ioji  of  the  UUtod  i—a,  b^  HmaJI  oellf.  ideh 
u  arc  found  in  th<jTbor*:-ic  duut,  n&ea  on  thuLr 
HikX  allied  Ht  4f , and eOg-c wine  at  &  ;  d^t  f,  ihu  aiLTntfj 
with  oJiTimift  nncloi ;  i^,  ijf,  turiTcr  eeWti^  with 
Di>i)finaU;-iimUi|>k  micteh  r,  t,  the  auner, 
tpeated  i/t\th  acotic  ucWj  fhowkg^  the  break* 
iog.gp  of  the  nuclei. 
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chemical  properties.  In  Mammalia  and  Birda  the  lymph -globule  is  a 
ntickiia,  while  the  common  pale  coq>uscle  of  the  blood  is  a  cell  contaming 
a  nueleiia.  The  lymph-globule  or  nucleua  is  only  slightly  acted  on  by 
acetic  acid,  but  the  pale  cell  enei^etically,  its  nucleus  immediately 
becoming  apparent  even  wh^[i  very  dilute  acid  is  employed.  The  nucleua 
of  the  white  corpuscle  is  not,  however,  identical  with  the  Ijmph-globule, 
since  it  divides  into  two  or  three  smaller  bodies  on  the  addition  of  Btrong 
acetic  acid*  which  is  not  the  case  with  the  lymph-globule.  In  fibroua 
clots  a  third  kind  of  pale  corpuscle  has  been  obaerved  by  Mr.  Gulliver,* 
which  is  characterized  by  ita  small  size^  faint  outline,  and  resistance  to 
the  action  of  acetic  acid*     The  Colourless  corptiBcles  possess  a  higher 

refracting  power  than  the  red  ;  from 

Fig*  40,  which  they  are  further  distinguished 

by  their  greater  firmness,  their  want 

1  of  elasticity,  and  the  absence  of  any 

disposition  to  adhere  to  each  other  ; 

80  tliat,  when  a  drop  of  recent  blood 

is  placed  between  two  strips  of  glassp 

and  these  are  gently  moved    over 

one  another  J  the  white   corpuscles 

may  be  at  once  recognized  by  their 

solitariness,  in  tlie  midst  of  the  rows 

and  irregular  masses  formed  by  the 

aggregfition  of  the  red*     Thisissttll 

better  seen  in  inilammatory  blood  ; 

in  which  the  Red  oorpuscles  have  a 

peculiar  tendency  to  adhere  to  one 

another,  so  that  the  distinctness  of 

the  White  is  more  marked  (Fig.  43). 

15^.  Colom-less  corpuscles    may 

A  nimJl  Veucnu  tmnki  t»,  from  the  Web  of  the   he  readily  distinguished  in  the  blood 

f^i^^li^wC.  t''ht!r,Tt';'-,:^tJTr:  circukting  through  thesmdl  vessels 

runt  of  oif fti  mood-corpimcicw»iindtHo  Wills  of  ttw  of  the  Froir'sfoot:  and  it  is  then 

retifiel^tlio  round  tniiiipiirciit«>ltiui'tc«corpDic*l€!a      *  ^i       i  i  ^ 

jire  AccD.  observable  that  they  occupy  the  ex- 

terior of  the  current,  where  the  motion 
of  the  fluid  Is  slow,  whilst  the  red  corpuscles  move  rupidly  through  the 
centre  of  the  tnlie  (Fig*  40).  The  Colourless  corpuscles,  indeed,  often 
show  a  disposition  to  adhere  to  the  walls  of  the  veaaels;  which  is  mani- 
festly increased  on  tlie  application  of  an  irritant*  Hence  the  idea 
natnrally  arises,  that  (to  use  the  words  of  Mr.  Wliarton  Jones)  **  there 
is  some  reciprocal  relation  between  the  colourless  corpuscles,  and  the 
parts  outside  tlie  vesselsi  in  the  process  of  nutrition.'' — A  very  remark* 
al>le  spontaneous  change  of  form  has  been  observed  by  Mr.  Wharton 
Jones  to  take  place  in  tlie  Colour lesa  corpuscles  whilst  being  examined 
imder  the  microscope  ^f  ^"^  this  not  only  in  the  blood  of  Man,  but  in 
tliat  of  animals  of  all  the  Vertebra  ted  classes,  as  also  in  that  of  Inverte- 
brata,  whose  only  corpuscles  are  of  this  character*  From  some  point 
of  their  circamference,  a  protrusion  of  the  cell- wall  takes  place,  tlie  form 
of  which  seems  quite   indefinite ;    soon   afterwards,   another   protrusioUj 

*  "  Mild*  Time*  Bnd  Qafc,,"  vol,  L  1863,  p.  207, 

f  **  PbUoiopbicBl  Transftctious;*  1816.  pp*  64,  71*  90,  &c 
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ma  J  be  seen  to  arise  from  anotber  part  of  the  cell,  the  first  being  either 
drawn- in  ugaiHf  or  remaining  as  it  was;  and  thus  the  configuration  of 
the  corpuBclea  may  be  seen  to  tmdergo  several  change  before  the  process 
finally  ceases,  and  this  whilst  they  are  floating  in  their  own  eemin,  and 
the  red  corpuscles  are  lying  quite  passive  in  their  immediate  yicinily. 
Theae  changes  of  form  (which  bear  a  striking  resemblance  to  those  of  the 
Ammha)  are  affirmed  by  Dr.  Davaine*  to  be  Tiaible  even  whilst  the 
blood  is  circulating  through  the  Tesaels,  in  thoae  colourless  corpuscles 
which  are  retarded  by  attraction  to  tlieir  walla. 

154.  The  proportion  which  the  White  or  Colourless  corpuscles  bear  to 
the  Rodf  is  very  small  in  the  blood  of  Man  and  the  higher  Vertebrata ; 
being,  in  the  state  of  health,  according  to  the  estimate  of  Moleschott 
(which  ia  confirmed  by  Kollikerf  }^  not  more  tlmn  2'bS  to  1000,  It  varies, 
however,  to  a  very  remarkable  extent,  as  has  recently  been  shown  by  Dr. 
Hirt,  of  Zittau,|  according  to  whether  the  examination  be  made  before  or 
after  food.  Thus  in  the  morning  before  breakfast  the  poportiona  were 
one  colourless  to  716  coloured  corpuscles;  half  an  hour  after  breakfast 
1:347;  between  two  and  three  hours  afler  breakfast  1:1514;  ten 
minutes  after  dinner  1:1592;  half  an  hour  after  dinner  1:429;  two 
hours  and  a  half  to  four  hours  after  dinner  1 ;  1481 ;  half  an  hour  after 
sapper  1 :  544 ;  and  between  two  and  a  half  to  three  and  a  half  hours 
aft^r  supper  1 :  1227.  Similar  results  have  also  been  obtained  by  Msr- 
fela  and  Lo range. §  The  white  corpusclea  are  very  numerous  in  the 
Splenic  Venous  Blood :  (Gray,  Virchow).  They  are  more  abundant  in 
children  than  in  adults,  and  there  is  an  increase  during  pregnancy  and 
in  certain  diseased  conditions  of  the  Bystem*  In  the  oviparous  Yerte- 
brata,  the  projicrtion  is  higher ;  thus  it  has  been  observed  by  Wagner || 
to  be  as  1:16  in  the  blood  of  a  Frog  examined  in  February,  and  as  1 :  C 
in  similar  blood  examined  in  August.  In  one  Vertebrated  animal,  the 
AmphiojTU^^  the  Red  corptiicles  are  wanting  altogether ;  tlieir  place  in  the 
circulating  blood  being  taken  by  the  Colourless.  And  in  the  Invertebrate 
series  geoeraUy,  the  corpuscles  of  the  circulating  fluid  correspond  rather 
to  the  caiourte^s  corpuscles  of  the  Blood  of  Vertebrata,  and  to  the  cor- 
puscles of  Lymph  and  Chyle  (which  may  be  regarded  as  the  same  bodies 
in  an  earlier  stage  of  development),  than  they  do  to  tlie  red  corpusclea, 
which  are  peculiar  to  Vertebrata*^  Thus,  in  one  of  its  most  charaeter- 
iatic  teatures,  the  Blood  of  In  vertebrata  (and  of  Araphioxus)  may  be 
likened  rather  to  the  Lymph  and  Chyle  of  Vertebrated  animals,  than  to 
their  Blood ;  and  this  resemblance  is  strengthened  by  the  &ct,  that  there 
is  no  distinction  in  the  former  between  the  abmrbent  and  the  ^an^pit- 
femm  vessels,  which  in  the  latter  respectively  contain  the  nutritious  fluid 
in  its  earlier  and  in  its  later  stages  of  development*  Moreover,  the  earliest 
blood-corpuscles  of  the  embryo  of  even  the  highest  Vertebiata  are 
colourless ;  and  long  after  the  blood  has  acquired  its  characteristic  hue 

*  ^'  Mlmnire^  de  la  8oi:iet£  de  Biologie,'*  torn.  ii.  pp*  103*5. 
t  "  M&ufi&l  of  Human  Histology*'  (SydeiJmm  Soeietjf*»  editiGn)^  toL  ii.  jk  330, 
t  **Malkr*fi  At^hiv,"  1858,  p.  174. 
g  Lndwig,  tqI.  ti.  p.  3@,  1B61. 

\\  ''EiemfluUof  Phyiiology,"  tTAnakted  by  Dr.  W\\\\m,  p,  246, 
%  8c«  Mr.  WhuioD  ixmtd^  Memoir  on  *Tbe  Blooil-Corpuscle  coDsldered  m  its  differetit 
PhAKB  of  Development  in  the  Animiil  Se^e(^'  in  the  '' Phiba.  TranB./'  1846;  ntso 
**  Princ.  of  Camp,  Phys. ,"  4th  ed.  §§  379-392. 
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from  the  developTnent  of  red  corpnacles,  the  colonrlera  corpnaclea  hesr  a 
very  large  projxirtion  to  the  red,  ao  tm  even  to  equal  them  in  number 
(as  the  liutbor  ia  irLformed  by  Mr.  Gulliver)  in  the  blood  of  iletal  Deer  an 
inch  ajid  a  liall'  longi  and  absolutely  to  prepouderate  in  the  blood  of  sti 
smaller  cn^hryoea* 

loa.  There  can  be  no  doubt  that  both  the  Red  and  the  Colourle 
corpusoles  bavep  like  other  Celk,  a  de£mte  term  of  lii'e;  and  that,  whil 
some  are  undergoing  diaint^ration,  others  are  in  a  state  of  advanein 
development  to  supply  their  placea,  so  that  the  entire  mass  of  both  ia 
undergoing  continual  change*  That  a  new  production  of  Red  corpuscles 
may  take  place  with  considerable  rapidity,  we  have  evidence  in  t!je  rapid 
restoration  of  their  normal  proportion  after  it  has  been  lowered  by 
hffiniorrhage  (§  IGO),  and  in  the  speedy  iccreaae  which  njay  be  effected  in 
their  amount  in  blood  in  which  they  have  been  excessively  dimini^ed 
by  disease  {§  179) ;  thia  being  especially  promoted  by  the  administration 
of  Iron^  and  by  a  generou3  diet.  On  the  other  hand,  various  appearances 
indicative  of  degeneration  may  be  seen  in  the  Red  corpuscles;  and  tliis 
eaj>ecially  in  the  blood  of  the  Oviparous  Yertebrata,  which  uBually  contains 
corpuBcIes  almost  destitute  of  colour,  and  having  a  shrunken  or  eroded 
aspect,  their  nudeif  however,  presenting  a  remarkable  distinctness.  That, 
under  certain  circumstances,  such  a  degenerating  process  takes  place 
with  great  rapidity  in  the  blood  which  circulates  through  the  Spleen, 
maybe  considered  as  ascertained  almost  beyond  a  doubt  {§  130,  iiL), 
Of  the  ordinary  duration,  however,  of  the  hie  of  either  the  Red  or  the 
Colourlefsa  corpuscles,  we  have  not  at  present  any  means  of  making  an 
approximative  estimate, — The  question  now  arises,  in  what  manner  the 
two  classes  of  Corpuscles  are  respectively  developed,  and  whether  they 
have  any  relationship  to  each  other. 

156.  That  the  fully- developed  Red  corpttselea^  when  ceasing  to  exist  as 
such,  do  not  give  origin  to  new  corpuficlea  of  the  same  kind,  may  now  bo 
asserted  (notwithstanding  die  statements  of  former  obBCrvers)  to  be  the 
concurrent  opinion  of  nearly  aU  who  have  in  recent  times  specially 
devoted  themselves  to  tliis  inqtury.  The  ^rst  Red  corpuscles  unques- 
tionably have  their  origin,  Uke  the  original  cells  of  tlie  solid  tissues,  in 
the  primordial  cells  of  the  germinal  structure^  and  it  ia  in  the  so-called 
*  vascular  layer*  of  the  '  bliistodermic  vesicle*  (chap,  xvl  Sect.  4),  and  in 
the  mass  of  cells  which  conatitutes  the  rudiment  of  the  heart,  that  this 
metamorphosis  seema  first  to  take  place.  The  situation  of  the  heart, 
and  the  course  of  the  principal  tnmks  of  the  *  vascular  area,*  are  early 
marked- out,  by  the  peculiar  disposition  of  the  aggregations  of  cells  from 
which  these  organs  are  to  be  developed ;  and  whilst  the  outef  portions 
of  these  aggregations  are  traniifermed  into  the  walls  of  the  reapective 
cavities,  the  inner  portions  seem  partly  to  deliquesce,  and  partly  to  remain 
as  iaolated  cells  floating  in  the  liquid  thus  produced*  These  isolated  cells 
are  the  first  blood-corpuscles ;  and  the  following  account  of  them  in 
the  Oviparous  Vertebrata  or  Pyrencemata  is  given  by  Mr.  Paget,*  who  has 
made  til  em  the  subject  of  careful  study,  "  As  described  hy  Vogt,  Ko!- 
liker,  and  Cramer,  they  are  large  colourlesa  vesicular  spherical  cells,  fiiU 

*  Thia  acooant  ii  RitcJ  from  Messrs.  Kirfcee  &ad  Paget'ft  **  Handbook  of  Phyalala^, " 
5 til  edit^  (pp.  60-75)^  ia  which  it  appe&rs  as  xn  abatr&et  of  «  port  of  Mr.  F»get*a 
3jectiire8  no  the  '  Life  of  iho  Blood/  deliTered  at  the  College  of  SorgeoDS  is  l£t4S. 
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of  yellowish  particles  of  a  substance  like  fetty  matter ;  many  of  which 
parUcles  are  quadrangular  and  flatteiiedt  and  have  been  c^le^  etearine- 
plates,  though  they  are  not  proved  to  consist  of  that  or  any  other  immixed 
fetty  substance.  Among  these  particles  efich  cell  has  a  central  nucleus, 
which,  however,  is  at  firat  mnch  obscured  by  them.  The  development 
of  these  embryo-cells  into  the  complete  form  of  the  corpuscles  is  effected 
by  the  gradual  c!earing-up,  as  if  by  division  and  h^ue^tioti,  of  the  con- 
tained particles,  the  acquiremeiit  of  blood-colour  and  of  the  elliptical 
form,  the  flattening  of  the  cell,  and  ihe  more  prominent  appearance  of 
the  nucleus."  The  proceaa  appears  to  be  essentially  the  same  in  the 
Fish,  the  Reptile,  and  the  Bird ;  but  it  takes  place  too  rapidly  in  the 
latter  class  for  its  stages  to  be  clearly  distin- 
guiahed;  whilst  in  the  tadpole  the  changes 
occur  BO  slowly  that  they  can  be  traced  in  the 
blood  even  while  it  circuUtee.^ — The  history  of 
the  development  of  the  first  red  corpuscles  in 
Mammalia  is  nearly  the  same;  but  a  binary 
multiplication  of  these  bodies  by  subdivision 
(Fig.  41 )  has  been  observed  in  them  by  Prof. 
KuliikeT*  and  others,  which  has  not  been  no- 
ticed elsewhere.  In  watching  the  stages  of  this 
process,  it  is  seen  tliat  the  partition  of  the  nu- 
cleus takes  place  completely,  before  that  of  the 
cell  itself  has  commenced.  Tlie  blood-cor- 
puscles of  the  Human  embryo  thus  formed, 
are  described  by  Mr,  Paget  as  **  drcnlar, 
thickly  disc-shaped,  fbll-colouredj  and»  on  an 
average,  about  l-2500th  of  an  inch  in  diameter; 
their  nuclei,  which  are  about  l-50(K)th  of  an     Biood-cofpwieteiofJjBi*rXofi*? 

1*1'  .  , 1^1  — <^  ^  til*  and  tripnoelntcd  Urn 

mch  m  diameter,  are  central,  circtiLir,  very  coGurira*  don^ited  biood-oeii^  tu 
little  prominent  on  the  surtaces  of  the  cell,  and  ^!f1°S*^",'*^*,?**^*^^M 
apparently  shghtly  grantdar  or  tuberculated,  hiring  a  hudetia  beginninir  to  di- 
In  a  few  instances,  cells  are  found  wiUi  two  ^  *^.» -nailer  «Tl  of  t£a™^ 
nuclei ;    and  such  cells  are  usually  large  and 

elliptical,  with  one  of  the  nuclei  near  each  end  of  die  long  axis/' 
According  to  Mr.  Gulliver,!  tijese  large  nucleated,  erabiyonic,  red 
oorpiisclea  in  Man  and  the  higher  Mammalia  must  be  regarded  as 
the  trvie  analogues  of  the  ordinary  nucleated  red  corpuscles  of  ma- 
ture oviparous  Vertebra ta.  It  is  particularly  worthy  of  remark, 
also,  that  in  the  very  earliest  period  pale  nuclei  destdtute  of  an  enve- 
lope, but  contaim'ng  nucleoli,  are  very  abundant,  giving  tliat  whitish 
baie  to  the  blood  which  was  long  ago  observed  by  Glisson  and  Needham 
(l*>fi7);  these  appear  to  be  analogous  to  the  pale  globules  of  the  blood 
of  adult  Yertebrata  ;  and  to  the  characteristic  corpuscles  of  the  blood  of 
many  Invertebmta ;  **  so  that  in  its  course  towards  the  highest  type,  there 
are  temporary  phases  in  which  the  blood  of  the  Mammal  is  analogous 
to  the  permanent  states  of  the  blood  of  Invertebrate  and  of  Oviparous 

*  See  hi«  Memoir,  *  Ueber  die  BltltkorperclieD  eines  menschli^ihen  Bmhryo/  Jtc,  m 
''ZcitAcfadft  fUr  Battom  Med./'  1846;  aDd  his  **  M^nal  of  Humasi  Eistoloi^'* 
(%denbam  Societj'a  edittciD),  p,  342, 

t  Lecture  L,  "Medical  Timea  and  Qaiette/'  vol  iL  1862,  p.  103. 
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animalB  respectively/- — WTien  the  Liver  begins  to  be  formed,  this 
multiplication  of  blood-celk  in  tbe  entire  mass  of  the  blood  ceasesj  and  in 
a  short  time  all  trace  of  tbe  deTelopnieat  of  tlie  red  out  of  the  original 
colourless  ibrmative  cells  ii*  lost  j  wliilat,  on  the  other  hand,  there  takes 
place  in  the  vessels  of  the  bver  a  new  production  of  colourless  nucleated 
cells,  which  are  formed  arouud  free  nuclei,  and  which  undergo  a  gradual 
chiinge  (by  the  development  of  colouring-matter  in  tlieir  interior)  into 
red  nucleated  cells  resembling  tkoae  of  tbe  first  brood.  According  to 
Ktilliker,*  this  new  formatioii  of  blood-corpuscles  in  the  Iher  continues  to 
take  place  during  the  whole  of  the  fi^tal  life  of  Mammalia,  as  in  Birds 
during  incubation »  Whetlier  these  nucleated  cells  themselves  undergo 
a  transfonnation  into  tFie  uon-nizcleated  discs  characteristic  of  Mam- 
malia, which  coastitute  a  gradually ^increaHing  proportion  of  the  cor- 
puscxdar  components  of  the  blood  during  the  latter  period  of  embryonic 
Mfe,  or  whether  these  are  ibrmed  only  by  the  metamorphosis  of  l}Tnph- 
corpuscieSf  has  not  yet  been  ascertained. 

157,  That  after  the  Chyle  and  Lymph  have  begun  to  flow  into  tlie 
drculatbag  current,  the  continued  generation  of  Red  corpuscles  is  due  to 
the  progressive  metamorphosis  of  the  corpuscles  of  those  fluids,  is  an 
opinion  which  has  come  of  late  to  be  very  generally  received  amongst 
Physiologists ;  it  may  be  found,  however^  to  require  some  modification. 
It  rests  upon  facts  of  tliree  diiTereut  orders: — Ist^  tlie  presence,  in  the 
blood  of  oviparous  Vertebrata,  of  corpuscles  exhibiting  what  apjiear  to  be 
intermediate  gradations  of  development  between  Lymph- corpuscles  and 
their  nucleated  Red  corpuscles ;  and  this  especially  in  blood  in  which  an^H 
unusually  rapid  development  of  red  corpuscles  is  taking  place,  to  mak^B 
up  for  previous  loss;  2nd,  frequent  rutldiness  in  the  hue  of  the  fluid  of 
the  Thoracic  duct,  which  seems  to  depend  upon  the  incipient  develop- 
ment of  Hicmatin  in  some  of  its  floating  corpuscles  \  and  3rd^  the  pro- 
greflsive  transition  from  one  form  to  tiie  other,  wliich  may  be  observed  ia 
&e  ascending  scale  of  animal  oxistence.  To  these  considerations  may 
added,  the  absence  of  any  other  mode  of  production  that  can  he  sugJ 
gestcd  ;  since  the  idea  of  the  self-multiplication  of  the  Ked  corpuscles  ia 
almost  certainly  erroneous,  and  no  special  organ  can  be  aasignetl  as  the 
seat  of  their  generation.  As  to  the  mode  in  which  the  non- nucleated 
Eed  corpuscles  of  IVfammaJiau  blood  are  produced  from  the  Colourless  or 
Lymph -coi^puscles,  there  are  two  very  dissimilar  opinions;  the  entire 
lymph-corpuscle  being  thus  metamorphosed  into  the  retl,  in  the  opinion 
if  some;  whilst  its  nudem  alone,  set-free  by  tlie  dissolution  of  llie  sitr^ 
roimding  cell,  Ijccomes,  in  the  opinion  of  others^  the  ultimate  red  corpuscle. 
Mr.  Wharton  Jones  has  adduced  very  cogent  evidence,  derived 
diiefly  from  a  comparison  of  the  sizes  of  tlie  true  red  corpuscles  of  dif- 
ferent Mammals  with  those  of  the  nuclei  of  the  white  or  nucleated 
corpuscles  which  their  blood  contains,  that  the  former  are  the  equivalents 
of  tiie  latter,  in  a  state  of  higher  development ;  hai-ing  acquired  a  vesicu- 
lar character,  and  having  their  interior  occupied  by  globidin  and 
hsematin.  This  view,  which  is  also  held  by  Mr*  GuHiver,  certainly  har- 
monissea  well  with  the  fact,  which  can  scarcely  be  explained  on  the  pre- 
ceding hypothesis,  that  the  red  corpuscles  of  most  Mammalia  are 


*  Op.  cjt.,  p.  343* 
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(oflea  very  much  bo)  than  the  nucleated  cells  in  which  they  originate** 
Mr,  Gulliver's  obeenrations  smd  arguments  upon  this  point  appear  to  be 
conclusive. f  He  raaintainfl  that  between  the  red  corpitficles  of  the  adult 
Mammalian  and  those  of  the  ovijjaToua  Vertebrate  animal  a  marked  distinc- 
tion exists  in  regard  to  their  mode  of  development ;  the  former  proceeding 
from  the  nuclei  alone  of  the  pale  corpuscle,  whilst  the  latter  are  developed 
from  the  entire  white  cells,  the  Ducieua  permanently  remaining,  and  the 
envelojje  assuming  the  fiat  shape  and  red  colour.  Thus  this  difference  in 
the  mode  of  development  would  appear  as  remarkable  as  tlie  difference  in 
the  perfect  structure,  already  described,  of  the  red  corpiiBcles  of  these  two 
main  divisions  of  Vertobrata.}  And  thns  also  the  Chyle  and  Lymph 
seem  to  be  contimially  supplying,  not  merely  the  pabulum  Jbr  organization 
derived  from  the  food,  whereby  the  components  of  the  liquid  part  of  the 
blood  are  replenisihed  as  ikst  as  they  are  withdrawn  \  but  also  the  rudi- 
mentary corpuscles  which  are  to  be  progressively  metamorphosed  into  the 
coloured  discs  that  float  in  its  current. 

158.  Composition  of  the  Blood. ^-The  morphological  or  formed  ele- 
merjts  of  the  Blood  having  been  thus  separately  d escribed ^  we  have  now 
to  inquire  into  tlie  chemical  characters  of  the  various  components  which 
are  associated  in  the  liquid  as  a  whole,  and  the  proportions  in  which  they 
aeverallj  present  themselves.  These  are  subject,  even  within  the  limits 
of  health,  to  considerable  variations ;  some  of  which  seem  to  depend 
upon  the  constitution  of  the  individual,  his  diet,  mode  of  life,  &o.; 
whilst  others  are  probably  referable  to  the  period  at  which  the  last  meal 
was  taken,  and  the  amount  of  bodily  exertion  made  within  a  short  time 
previous  to  the  analysis.  Hence  no  single  analysis  could  represent  the 
average  comjK>sition  of  the  blood,  even  if  it  were  itself  chemically 
accurate ;  but  there  are  difficulties  in  the  way  of  quantitatively  determin- 
ing with  precision  the  several  components  of  the  blood,  which  interpose 
a  new  source  of  uncertainty  and  error.  Notwithstanding  tlie  numerous 
investigatioiia  which  have  been  made  upon  the  Blood,  the  means  of 
separating  the  several  constituents  are  not  sufficiently  exact  to  enable  us 
to  arrive  at  more  than  an  approximative  estimate  of  their  respective 
proportions.  The  marked  discrepancy  observable  between  the  results 
obtained  by  different  analysts,  especially  in  regard  to  the  relative  propor- 
tions of  Albumen  and  Corpuscles,  arises  in  great  degree  from  the  difference 
of  the  methods  of  analysis  efuploj^ed,  as  has  been  proved  by  M.  Gomp- 
Besanes^.S  For  he  found  that  when  four  samples  of  the  same  blood  were 
examined  by  the  methods  adopted  by  four  different  experimenters 
respectively,  the  results  were  as  follows.  The  first  specimen  was  the 
blood  of  a  vigoroua  man  fifty  years  old. 

*  3«e  '^Philosophical  TraiisactionR,"  1846,  pp.  75^79,— Mr.  Whutoa  JottM^ft  vlswi 
on  thi?  pa  I  lit  hare  been  adopted  b>*  Messrs.  Boak  and  Haxlej  ;  ae«  thek  tna^tion  of 
Prof,  KoUiker'n  *'Hiniiaa  Histology'*  (SydoHhnm  Booietj's  wlition),  val,  ii.  pt  8i7*  n&te; 
and  ''Quart.  Jotim,  of  Mictobc.  Scknce,"  toI.  L  p.  145, 

t  See  Lectures,  "Mcdic^il  Titnen  and  Gazette,"  1862. 

^  Y«t  Dr.  Benoett  ('*Lntioet,"  toL  l  18€3,  p.  378)  rtatea  thnt  uttinerottft  oWfia- 
lions  haTe  Batia5ed  him  that  chjle-t^orpiuclefl  maj  be  teen  to  form,  and  io  be  trani- 
fi>rTned  into  bodiea  in  ern?  roepeetf  except  oobttTf  reaemblmg  tbc  biconeiTe  di»oa  ^t 
bloodf  wiihout  the  interventioii  of  cells. 

i  '*  Jouro.  fur  Praki.  Cb«m./'  band  I.  p.  346, 


I(i€  Of  THE   blood; 

Witer ,      7&6*»3  7M*93  7Ge*gS  798  "tS 

BoUdmattdra      ....      203^07  203*07  203*07  203^07 

Fibrin  . 1*96  l'fi5  l-eS  1*»5 

Corptiflole«      ,     .     .     .     ,  llB'ie  117^82  103'23  103'23 

Albumen 68'82  63*87  ir0'6l  70 '75 

SxtndiiTem&tteisiuiaQaltti  27^1  10^43  47*05  27*  U 

The  second  specimen  was  firom  a  robuBt  man  twenty  yeara  old  :■ — 

Water 733^63  7S3*(J3  733-63  78S^ 

SoUd  matters      -     .     ,     .      216*37  216'37  216'37  216-37 

Fibrin l^fid  1*56  1-56  1'66 

Corptiaplea 113  54  131*52  11612  11512 

Albumen 64*32  G6'0l  51-76  62*74 

E^rtmctiTeEQAtteraaiidaalta  36^95  17 '33  47 '93  36*^6 

159,  We  have  now  to  notice  tliose  less  prominent  components  of 
the  Blood  which  Lave  not  been  hitlierto  described  in  detail*  Under 
the  general  head  of  Fatti/  Matters  are  included  several  different 
kinds  of  fat,  some  of  which  present  very  definite  characters^  whilst  the 
nature  of  others  has  not  yet  been  precifiely  detemimed,  A  considerable 
part  of  the  whole  amount  is  formed  by  the  sapomjiable  fats,  which,  in  the 
Human  mibject,  are  Margarin  and  Olein ;  and  it  must  be  in  these  that 
the  chief  increase  occura,  when  tJie  amount  of  ilitty  matter  in  the  blood  m 
tempofarily  augmented  by  the  entrance  of  oleaginous  chyle  (§  1B5).  The 
proportion  of  phosphoriud  fat,  which  aeems  to  fonn  an  e^endal  con- 
Btiliuent  of  the  Corpuscles  (§  149),  will  probably  vary  in  part  witli  their 
amount ;  but  the  range  of  variation  aeema  to  be  too  wide  to  admit  of  the 
difference  being  fully  accoimted-for  in  this  manner.  The  presence  of 
Ckolesteriii  amms  to  be  constant;  but  it,  too,  exhibits  a  coosideraMe 
diversity  in  its  amouat,  probably  depending  upon  the  relations  between 
the  biliary  secretion  and  the  re^iratory  process.  Of  the  fatty  substance 
termed  Seroltn^  the  quantity  is  always  yctj  minute^  and  it  is  sometimes^ 
inappreciable.  The  kind  of  food  materially  ulfects  the  quantity  of  fhlH 
eoatained  in  the  blood,  Nossc  found  2-6  parts  of  fat  in  1000  of  theblood^ 
of  a  dog  that  had  been  kept  fasttng  for  4  days.  j\Jler  bread  diet  it  rose 
to  d'l  (>art^,  al^r  meat  to  3*8,  and  alter  sttet  and  starch  to  4*1  parts 
in  1000. — The  following  table  represents  the  mean^  maximma,  and 
minimum  amounts  of  these  fiitty  substances  in  the  healthy  blood  of 
Man  (the  proportion  in  that  of  tlie  female  being  almost  preciaely  similar), 
according  to  tlie  analyses  of  MM.  Becquerel  and  Rodier  : — 

lloftn.  Mu.  Uln. 

BAponlfisdfkt       ....    1*004  2*000  '700 

Fboipbonzed  ikt  ....       *4@d  I'OOO  -270 

Cholcaterin       .....       ^088  '175  *030 

8amtm       ,,..,,       *020  *080  ixiappr^i&ble. 

The  source  of  the  peculiar  odour  of  the  blood,  is  probably  a  volatile  ] 
acid,  too  minute  in  its  araoimt  to  admit  of  being  separately  estimat< 
This  odour  may  be  made  much  more  apj^jarent  by  treating  the  blood  with 
BidphuriQ  acid,  ev^a  after  it  has  been  long  dried;  and  in  all  those animali 
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which  are  readily  diatingixislmhle  by  their  odoroue  emanations,  it  vmy 
thus  be  made  bo  perceptible  aa  to  admit  of  their  blood  being  distingiuBhed 
(at  least  by  an  individual  posaesaed  of  a  delicate  sense  of  ameU)  Ui rough 
its  sc^i  aione.  Of  this  te^  use  has  beea  made  with  great  advantage  in 
juridical  inirestigations.* 

160,  Under  the  Tague  term  Extractive^  have  been  included  many 
different  substancea  which  normally  present  themselves  in  onJy  very 
small  quantity,  and  which  are  confle<|uently  very  difficult  of  detection ; 
but  which  are  extremely  important  in  a  physiokigical  point  of  view,  as 
the  chief  *  factors^  (to  use  the  appropriate  designation  of  Prof.  Lehmann) 
in  the  metamorphoais  of  animal  tissue^  both  profjrensive  and  ittrognide. 
Amongst  die  latter,  Urea^  Creadne,  Creatinine,  Uric,  Hippuric  and  Lactic 
Acids,  Leucine,  Tyrosine,  Hypoxanthine  (or  Sarldn),  and  Lecithine,  may 
be  particularly  mentioned.  Besides  the  foregoing,  the  extractive  of  blood 
generally  seems  to  contain  Sugar,  or  an  amyloid  substance  (Pavy),  that 
is  waiting  for  elimination  by  the  resfpiratory  process,  tliis  eubstanoe  being 
found  most  abundantly,  however,  in  the  blood  of  the  hepatic  vein,  vena 
cava,  and  pulmonary  artery  (§  141).  As  might  be  expected,  the  propor- 
tion of  sugar  in  the  blood  ia  greatly  affected  by  the  diet  of  tiie  animal 
(§  165)-^ — The  very  sniali  amount  in  which  the  Blood-constituents  of  this 
class  normaJJy  present  themselves,  is  reiidily  accounted-for  by  the  fact, 
that  they  are  onJy  en  route  between  tlie  tissues  and  the  excretory  organs 
which  are  destined  for  their  elimination ;  so  tliat  as  long  as  the  disinte- 
grating processes  taking  place  in  the  former  are  balanced  (as  they  should 
be)  by  the  activity  of  the  latter,  these  substancea  are  withdrawn  from  the 
blood- current  as  fast  as  they  are  introduced  into  it,  and  no  sensible  nccu* 
mulation  will  occur.  It  can  scarcely  be  doubted  that  tlie  more  attentive 
study  of  tliis  part  of  the  blood,  prosecuted  upon  large  quantities  at  once, 
wiU  be  attended  with  the  discoveiy  of  niany  facts  tliat  would  throw  great 
light  upon  the  Chemistry  of  the  histogenetic  operations,  and  of  the  retro- 
grade metamorj>hoses  of  the  effete  materiala  of  the  tissues. 

16L  No  list  of  the  Imrganic  Conslitmnts  of  the  Blood  which  has  yet 
been  given  expresses  the  precise  mode  in  which  they  are  grouped  together. 
The  proportion  which  t!ie  Carbonates  bear  to  the  Phosphates,  however, 
seems  to  be  small  in  Huniim  blood ;  as  is  shown  by  the  following  table, 
founded  on  the  analysis  of  Verde il,f  of  the  percentage  composition  of  the 
ash  of  the  bloody  al^  deducting  the  carbon  still  contained  in  it ; — 


Mm. 

ii«a 

NaO 

EO 

MgO 

SOgHO 

PO, 

30*0 

P^Oi 

00, 

ILi. 

61*09 
66-63 

2*03 

11  s* 

0^99 

MO 
1-64 

7-48 
9H 

3-66 
8-31 

8-68 

1-43 

0-95 

In  CfimivoTOiis  animals  the  Phosphates,  in  Herbivorous  the  Carbonates, 
are  in  excess,  which  is  obviously  related  to  the  difference  of  dieir  diet. 
The  proportion  of  Chloride  of  Sodium  in  botli  cJassea  exhibits  a  remark- 

•  SeeH  BftrmjeTa  reacarcliei  oa  ihvs  iubjeot  in  **AnD,  d'Hjgidne»**  kc.  torn.  I,  li.  ^ 
t  **AiUL.  d«r  ChesL  atid  Pliarm./'  btiod  Uix;,  p.  89. 
^  MAsif  forty-five  jeiira  old.  Buffering  Crum  weak  clig^stiun. 
I  Womaa,  twenty-two  jeari  old,  MogaiaeoQa  temiicriimcni. 
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able  coufitaticy*     The  normal  pr^enoe  of  various  metala  in  the  blood  liaij 
been  alternately  admitted  and  denied.    Millon*  found  iu  100  parte  of  th^ 
insoluble  residue  of  the  ash  of  blood  1  to  3  parts  of  Silicium,  1  to  5  ; 
of  Lead,  0*5  to  2 '5  parts  of  Copperj  and  from  10  to  24  parts  of  Mangimese.| 

1G2.  We  have  now  to  inquire  into  the  principal  modificJitionfl  whicln 
the  relative  proportions  of  tlieeo  constituenta  undergo  in  the  state 
health,  under  tlie  iniluerice  of  varying  conditjons  of  the  system ;  and  not- 
withBtanding  the  want  Qiahsolutn  correctness  m  the  analyses  of  which  wi 
are  at  preaent  m  poasesfflon,  those  that  are  made  by  aimilar  methods  giv0 
resuJta  sufficiently  trustworthy  to  enable  them  to  be  comj^ored  together,! 
and  thus  to  give  a  tolerably  correct  indit^tion  of  the  circumstonces  whic" 
determine  the  hicretise  or  dimtnuthn  in  the  principal  components  of  th 
Blood* — The  first  of  these  modifying  conditions  which  requires  apecia 
notice,  is  Age^     During  the  latt^^  part  of  foetal  life»  tlie  blood  ia  remark 
ably  rich  in  solid  contents,  as  appears  irom  the  following  comparativ 
analyses  of  Denis:  J — 

VcDODi  Mood  of  Mother*      Blood  of  Umbmt^  ArUzyi 

Wtter 7SX-0     .    ,    .    .    .      701-5 

SoUd  constitaeatB      ....*,      2l0'0      .....       298^5 

The  larger  quantity  of  solid  constituents  in  the  blood  of  the  fcetus 
cliielly  due  to  the  increased  proportion  of  corpuscles,  which  apjiears 
continue  for  a  short  time  after  birth ;  but  it  gradually  diminishes ;  and 
the  whole  amount  of  solid  matter  in  the  blood  seems  to  fall  to  its  lowest 
point  during  the  period  of  childhood.  Towards  the  epoch  of  puberty, 
however,  the  amount  of  solid  matter  increases  again,  the  chief  augmenta- 
tion being  in  the  corpuscles ;  and  it  remains  at  a  high  standard  dur- 
ing the  most  vigorous  period  of  adult  life,  after  which  it  begins  to 
decline.  This  is  made  apparent  in  the  follow^ing  lable^  deduced  &oni 
the  analyses  of  Denis,  which  are  coniirmed  by  thoae  of  Lecanu  and 
Simoo  :| — 

BdIM  CcmvtHacutL 
In  5  iadlTiduats  between  5  mcmitiB  i^tid  10  j^ars 
13        ,,  ,,     10  yeara    und  20 

11  p,  „      20    „  30 

12  „  ,,      30    „  40 
6        „                ,,      iO    ,,  50 

8       „  „     m   „  flO 

2        „  „      60    „  70 

163.  An  appreciable  difference  exists  between  the  blood  of  the  twa^ 
Se^es ;  that  of  the  male  being  ridier  in  solid  contents,  and  especially  in 
corpuscles,  than  tJ^tat  of  tlie  female.  On  this  point,  the  analyses  of  Lecanu, 
Benisp  and  Becquere!  and  Hodier  are  in  accordance,  notwithstanding 
their  mutual  discrepancies.  From  these  it  would  appear  tliat  the  mean 
e^oesa  of  the  whole  sohd  constituents  in  tlie  blood  of  the  male,  above 
those  of  the  female,  is  reckoned  by  the  several  experimenters  at  frotn  12 

•  **Animl.  de  Cbiro.  et  de  Phja/'  i^r.  iiL  t.  jsxUL  p.  372. 

t  Mdaeuft  {'*Aaitt!.  d,  C.  et  dt  F/^  xiHL  p.  358)  duui^  the  presence  of  Copper  and 
LefLd  \  add  B^cbamp  {^'Jouni.  de  la  Pltju."  IS 00,  vol.  iii.  p,  211)  appean  to  think  thfl 
occurreufe  of  jlH  or  any  of  theae  metabto  be  merely  ^uxicIeDtal. 

^  ^' Hcchorciieii  Eipi'rimeD tales  sur  le  Sang  kumain,**  and  Siroon*«  **Anitnal 
Cbetnirtry,"  toL  i.  p.  238. 

$  Wbioh  b(i«  been  nbown  by  Foggtale  to  be  ideatLcal  with  tbat  of  the  h)dj  of  Fccton 
{"Coinptefl  Rendns,''  t.  xiv.  p.  ID^). 

"  Aflimai  Chemiirtt^,*'  yuL  I  pp,  237-230, 
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to  20  parta  in  1000  ;  and  that  the  variatioii  ia  the  greatest  in  the  propor- 
tioo  of  Corpuacleji,  neither  of  the  other  elements  exhibiting  any  consider' 
able  difference  in  their  amount  in  the  two  sexee«  The  excess  in  the 
solid  constituents  of  tfie  Male  blood  above  those  of  the  Female,  is  as  well 
marked  in  the  extreme  tis  in  the  mean  resiilts;  for  the  maxima  in  the 
female  do  not  paas  much  higher  than  the  mtan  of  the  male,  wliilst  her 
minifim  fall  far  below  his ;  on  the  other  hand,  the  inaocima  of  the  male 
rise  far  higher  than  those  of  the  female,  whilst  hie  minima  scarcely 
descend  below  her  mean, 

164*  It  is  obvious,  from  the  extent  of  diversity  shown  in  the  analyses  of 
these  chemists,  that  the  proportions  of  the  constituents  must  vaxy  consi- 
derably with  individual  Tmipertimtni  aud  Constitution.  All  the  persona 
whose  blood  furnished  the  subjects  of  their  examination  were  (or 
conBidered  themselves  to  be)  in  perfect  health ;  but  their  standard  of  health 
could  not  have  been  by  any  means  uniform.  There  is  no  doubt  that,  in 
indi vidua b  of  the  plethoric  or  *  sanguineous''  temperament,  the  propor- 
tion of  the  whole  solid  constituenta^  and  especially  of  the  corpuscles^  is 
considerably  grater  thxm  in  persons  of  the  *  lymphatic'  temperament ; 
and  it  appetira  from  the  analyses  of  Lecanu/  that  the  sexual  difierence 
in  the  blood  almost  disappears,  when  the  blood  of  males  and  of  females 
of  the  latter  temperament  is  compared. 

165.  A  considerable  iniluence  is  exercised  on  the  entire  amount,  and 
on  the  relative  proportions,  of  the  constituents  of  the  Blood,  by  the  pre- 
vious ingestion  of  Food  or  Drink ^  and  by  the  Diet  habitually  employed. 
The  observations  hitherto  made  upon  the  first  of  these  points,  however, 
are  not  sufficiently  numerous  to  admit  of  being  generalized ;  and  the 
chief  points  that  can  be  definitely  stated ^  are  those  which  have  been  sub- 
stantiated by  Profrs,  Buchanan  and  R.  D.  Thompson ,f  in  their  examina- 
tion of  blood  whose  serum  exhibits  the  '  milky ^  appearance,  which,  when 
it  occm-s  in  healtli,  is  due  to  the  entrance  of  chyle,  more  rapidly  than  its 
oleaginous  matter  can  be  eliminated  by  the  respiration  or  appropriated 
by  the  tissues.  When  a  fall  meal  containing  oily  matter  is  taken  after 
a  long  fast,  and  a  small  quantity  of  blood  is  drawn  previously  to  the 
meal  and  at  intervals  subsequently,  the  sermn,  though  quite  limpid  in 
the  blood  iirst  drawn^  shows  an  incipient  tinrbidity  about  half  an  hour 
afterwards ;  this  turbidity  incTeasea  for  about  sLx  hour  a  subsequently, 
a^T  which  it  usually  begins  to  disappear*  The  period  at  wlucli  the 
discoloration  is  tlie  greatest,  however,  and  the  length  of  time  during 
which  it  continues,  vary  according  to  the  kind  and  quality  of  the  food, 
and  the  state  of  the  digestive  iunctions.  Neither  starch  nor  sugar,  nor 
protein- compounds,  alone  or  combined,  occasion  this  opacity  in  the 
chyle;  but  it  seems  essentially  dependent  upon  an  admixture  of  olea- 
ffitwus  matter  with  the  food.  There  are  :few  ordinary  meals,  however, 
from  which  such  matter  is  altogether  ^eluded.  When  such  milky 
serum  is  examined  with  the  Microscope^  the  opacity  is  found  to  be  due 
to  the  presence  of  an  immense  niunbo*  of  exceedingly  minute  granules, 
resembling  in  appearance  those  which  form  the  *  molecular  base^  of  the 
chyle  (5  124)*     They  seem  to  be  composed  of  two  chemically-distiact 

*  '^Etudea  Cbimi<|aea  mt  k  Snug  baiaain/^  p^  06;  aad  Simon*!  ^'AnitDftl  Chemifltij/* 
t  *VMt^ical  G^tte,*'  Oct.  10,  IU&. 
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Bttbstances  \  for  whan  the  milky  serum  is  agitata  with  etbefj  a 
dlesolyed,  whilst  another  portion  remains  Bus|>ended ;  and  this 
soluble  in  caustic  potass.  The  fonner,  therefore,  appears  to  be  id 
with  the  *  molecular  base"  of  tlie  Chyle,  and  to  be  of  an  oilj  orl 
natiire ;  wliilst  the  latter  belongs  to  the  protein -compoundB.  The  ( 
Bamentum  of  such  blood  often  exhibits  a  peUucid  tibrinous  crust,  t 
times  interspersed  with  white  dots;  and  tliis  seems  to  consist  i 
imperfectly-assimilated  protem-compoundf  analogous  to  that  found 
the  aerum*  The  quantity  of  this  varies  according  to  the  amou 
of  the  protein -compounds  present  in  the  food* — The  Increase 
smcharine  matter  in  the  blood  (in  wliicb  it  forms  part  of  the 
tractive'),  af^r  Uie  ingestion  of  a  large  quantity  of  Baccharine  or  &rii] 
ceous  aliment,  has  been  noticed  by  many  experhneuterBr  and 
lately  been  made  the  subject  of  attentive  study  by  Von  Booker**  He 
has  found  that  the  blood  of  Rabbits  fed  on  carrots,  contauied  0^5154  per 
oeni  of  sugar,  whilst  that  of  rabbits  fed  on  oata  contained  only  0'109  jier 
cent;  the  blood  of  the  same  animals  aiber  24  hours'  starvation,  con 
tamed  only  0*045  per  cent;  whilst  as  much  as  1"198  per  cent 
ibimd  in  tlie  blood  of  a  rabbit,  into  whose  food  so  large  an  amount  ( 
sugar  had  been  introduced  that  it  ptvueied  away  with  the  excreraenta. 
The  proportion  contained,  however,  in  tlje  blood  of  Oxen^  Dogs,  and 
CatSj  is  far  smaller  than  this;  Wing  (aceordhig  to  the  researches  of 
Sclmiidt)t  from  0^)0069  to  0'00074,  0*0015,  and  0HJ021  per  cent 
respectively, — It  miglit  be  iairly  presumed  that  a  temporary  augmenta- 
tioii  must  take  place  in  tlje  aqueous  constituent  of  the  blood,  whenei^i 
any  considerable  quantity  of  liquid  is  ingested ;  and  yet  this  augment 
tion  is  much  less  consider  able,  imder  ordinary  circumstances,  than  we 
shoidd  at  first  bo  inchned  to  suppose.  For  there  exist  various  provisiona 
in  the  system  (the  pecuhar  Malpighian  apparatus  of  the  Kidneys  being 
tJie  chief)  for  rapidly  freeing  the  blood  from  any  supertluity  of  water ; 
and  thus  any  excess  of  fluid  absorbed  is  speedily  drawn-off  again*  But 
tliTtheTy  it  is  certain  that  when  the  vessels  are  already  filled,  absorption 
does  not  take  place  with  nearly  the  same  readiness  as  after  long  absti- 
nence from  liquids  (§  108)  ;  tlie  rate  of  absorption  being  in  great  degr^^ 
governed  by  that  at  which  the  liquid  is  disposed-of.  It  follows,  there- 
forCt  that  the  absorption  of  even  a  considerable  amount  of  water  within 
a  short  lime,  need  not  really  involve  any  great  dilution  of  the  blood ; 
and  it  is  probible  that  a  considerable  reduction  of  its  d^isi^  will  be 
thus  produced  in  a  state  of  health,  only  when  it  has  Erst  undergone  an 
unusual  elevation  J  in  consequence  ol'  the  removal  of  part  of  its  water  by 
perspiration,  diuresis,  &g.,  without  a  corresponding  replacement  of  it  by 
absorption,— The  influence  of  the  liegunen  upon  die  composition  of  tlie 
blood,  however,  appears  to  be  more  definite  and  constant*  An  animal 
diet  tends  to  increase  the  whole  amoimt  of  solid  matter,  but  especially  to 
augment  the  proportion  of  corpuacloa.  On  the  other  hand,  a  vegetable 
diet  tends  to  lower  the  whole  amount  of  solid  matter,  occaaioaing  a 
marked  reduction  in  the  corpuscles,  whilst  it  seems  rather  to  increase  the 
albumen  ;   thiis  showing  that  the  decrease  in  the  corpuscles  is  not  due  to 

*  "Zeitacbr.  ftir  wiAsenschiifl  ZooJ.,'*  1SS3,  clt&d  id  Frof.  Lehmimn^ft  ^^PhjsiolDgiBdie 
Clicmipj"  2iid  e^lit*,  bafid  iL  p*  217. 
t  '^Charnktenatik  d«r  Cbuleni,'*  g§  Idiatii* 
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a  deficiency  in  their  azotized  pabulum,  but  depends  on  Bome  otter  con- 
dition. The  development  of  fibrin  appears  to  take  place  at  least  aa 
reiidily  on  the  vegetable,  aa  on  the  animal  regimen*  Henc^j  we  see 
what  may^  and  what  may  not,  be  effected  in  the  ttratnumt  of  dieeaae,  by 
the  adoption  of  a  particular  dietetic  system;  for  we  may  promote  or  retard 
the  development  of  the  red  corpuscles  by  the  employment  of  an  animal 
or  a  vt^table  regimen,  but  tain  make  little  or  no  impreaaion  upon  the 
fibrin**— The  efiect  of  complete  abstinence  from  food,  also,  or  of  a  con- 
tinued iflsuificient  supply  of  it,  is  to  reduce  the  proportion  of  the  whole 
solid  cgnatituenta ;  but  in  this  case,  too»  tlie  corpuscles  are  much  more 
reduced  than  the  albumen  ;  and  very  little  effect  ia  produced  upon  tJie 
fibrin,  which  at  once  undergoes  an  absolute  increase  if  any  infiammatory 
affection  should  develope  itself. 

166,  The  i^ffect  of  Zo^^  of  Blood  w  of  a  very  simikr  nature  to  that  of 
abstinence.  Almost  as  soon  as  the  stream  begins  to  flow  Irora  a  wounded 
vessel,  there  seems  to  be  a  transudation  of  watery  fluid  from  the  tissues 
into  the  current  of  blood;  Ibr  this  imdergoes  a  rapid  diminution  in 
density,  so  that  the  jMjrtion  last  drawn  is  of  lower  specific  gravity,  and 
contains  a  confliderably  smaller  amount  of  solid  matter,  than  that  which 
first  issued.  This  iact,  which  has  long  been  known,  has  of  late  been 
more  precisely  determined  by  Dra,  ZimmennaR^t  PoUi,{  and  J,  Davy,§ 
from  whose  observationj*,  as  well  as  irom  the  results  of  the  analyses  of 
MM*  Becquerel  and  Rodier,  it  appears  tliat  the  special  effect  of  bleeding  is  to 
lower  the  proportion  of  red  corpuscles,  whilst  it  has  no  power  of  effecting 
n  diminution  in  the  amount  of  Fihiin,  Albumen,  Extractive  and  Saline 
matters,  or  Fat,  We  shall  find,  indeed,  that  in  inflammatory  diseases 
the  amouQt  of  fibrin  undergoes  an  extraordinary  increase  (|  178),  which 
is  not  checked  in  the  slightest  appreciable  degree  by  the  most  copious 
venesection.  It  is  remarkable  diat  after  very  considerable  losses  of 
blood,  a  decided  increase  shows  itself  in  the  proportion  of  Colour  leas 
corpuscles,  not  only  reifttiveh/  (as  to  the  red)  but  absoiuteh/ ;  so  that,  in 
tbe  blood  of  a  Horse  from  which  50  lbs,  have  been  previously  abstracted, 
the  coloured  and  the  colourless  corpuscles  appear  to  exist  in  equal 
numbers.  1 1 

167.  We  have  now  to  consider  the  differetioea  which  present  them- 
selves in  the  composition  of  the  Blood  drawn  from  different  vessels  of 
the  same  body ;  these,  it  is  obvious,  being  dependent  on  the  changes  to 
which  the  fluid  ii  subjected,  during  its  passage  through  organs  that  will 
appropriate  or  change  its  several  constituents  in  an  unequal  degree.  And 
the  first  and  most  important  of  these  sets  of  differences,  is  that  which 
exists  between  ^r/mai  and  Veno^is  blood.  The  analyses  already  cited 
having  been  made  chiefly  upon  the  latter,  it  wiU  be  sufficient  here  to 
state  the  general  r^ulta  of  comparative  inquiries  into  the  compodtion  of 
the  former.  The  quantity  of  solid  constituents  pertaining  to  the  C&r- 
ptisclts  is  smaller ;  they  contain  relatively  more  h®matin  and  salts,  but 

•  S«eOD  tWs  subject  the  treotiae  of  M.  Emile  Mumhand,  **  De  rioflncupe  eompMiatiTe 
da  B^mt  Y6g^ial  et  da  ESgime  Aniunat  sux  i&  Physique  ei  Ib  Mond  d£  rHamme/' 

t  ''B«ller>  ADshiT,"  buid  jr.  p.  38iS. 

*  Bee  "Medico'Ohirnrgicftl  Review,"  Oct,,  1847. 

^  *'  ADatomical  and  Phjf«iologicj%J  Reac^rclies,^^  vol.  Ii.  p.  2S* 

II  Kolliker'i  "M&analof  Htuniui  Histolugj''  (SjdeDban]  Bodet/e  cdit^X  vol  iLp.  330. 
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much  less  fat,     Tl^e  liquor  saDguinia  ia  eomewhat  richer  in  Fibrin  ;    h\ 
it  coritaias  a  larger  proportion  of  water,  and  consequently  less  Aibutmili^ 
The  FaiUf  matters  of  tiie  eerttni,  as  welJ  aa  of  the  coqjiiscles,  are 
derably  diminifllied ;  on  tlie  other  hand^  tlie  Extraetive  and  S<icchani 
7}iallcr&  are  decidedly  increased.     It  is  affirmed  hy  Dr.  G*  0.  Reea,*  thi 
the  phosphorus  which  exiite  in  venous  blood  in  an  unoxidized  &tat 
united  with  the  fat  of  the  corpUficles,  is  converted  by  the  respirato3 
process  into  phosphoric  a<jld,  which  j>asaes  into  the  serum  and  unites  wil 
alkaline  basea;    and  this  view   seems  borne  out    by  tlie  more  ^e^ 
analyses  of  Reich. f — ^Tlie  most  remarkable  difference  between  Art- 
and  Venous  blood,  however,  Hea  in  the  amount  of  ^ases  wliidi  th( 
respectively  contain. 

168,  Ffiernnatohgi/  of  the  Blood. — The  Gases  contained  in  the  bi 
chiefly  consist  of  Carbonic  acid  and  Oxygen.  A  small  praportionof  Nitroj 
and  traces  of  Ammonia  are,  however,  constantly  prraent.  In  100  volumes 
blood  are  found  rather  less  than  50  vohnues  of  these  gases  coUectiveljf: 
but  their  total  quantity,  as  weU  as  their  relative  proportions,  present  coj 
siderable  variations  in  different  porta  of  the  body.     From  the  results 
numerous  recent  researches  the  conclusion  may  be  drawn,  tlial  the  affiuil 
or  capacity  of  absorption  of  the  blood  for  the  two  first-named  gaaea 
least,  is  pecufiar,  follows  laws  of  its  own,  and  differs  iwateriaUy  from  that 
of  other  liquids.     If  we  compare  it,  for  instance,  with  water,  we  find  tliat 
whilst  100  voL  of  water  will  take  up  2*^7  voL  of  Oxygen  at  standard 
temperature   and  preaaiire,    Ihe    same  quxmtity   of   blood,   at   S2**  F*, 
will  absorb  from  16-882  vol.  to  19*794  voh;f    and   the   amount  ab- 
sorbed appears  to  be  but  slightly  affected  by  the  degree  of  pressure  to 
which  the  fiuid  is  subjected,  thotigh  according  to  the  experiments  of 
Bemard§  it  varies  to  a  conaiderahlc  extent  in  blood  drawn  from  di 
regions  of  the  body.     Thus  wlnlst  100  vol.  of  arterial  blood  absorbed  8' 
voL  of  Oxygen,  the  same  quantity  of  blood  taken  from  the  Jugular  Ydfii 
absorbed  16  voL,  from  the  Hight  Heart  21*1  vol.,  and  from  the  Portal 
Vein  30  voL  of  this  gas.     In  a  similar  manner,  whilst  100  vol.  of  water 
will  absorb  about  100  vol.  of  Carbonic  acid  at  ordinary  temperature  aiid 
pressure,  Meyer ||  foimd  that  100  vol.  of  fresh  defibrinated  blood  would 
take  up  178-3  voL  of  Carbonic  acid  at  48°  F,;   tho^  quantity  inereaa- 
ing,  though  not  in  direct  proportion,  witli  the  pressure.     Even  as  regards 
Nitrogen,  the  Blood  appears  to  possess  a  superior  power  of  absorption 
than  pure  water,  100  vol,  of  tlie  latter  absorbing  at  ordinary  temp^ature 
and  pressure  about  1*5  voL  of  nitrogen,  while  100  voL  of  fredi  defibri- 
nated Blood  deprived  of  gas  by  exhaustion  will  absorb  about  5  voL  at  a 
temp,  of  65°  F,  and  imder  a  pressure  of  0*6  m,  (Setechenow).     It  is  ven^ 
evident  then  that  the  absorption  of  these  gases  does  not  take  place  ^H 
accordance  with  the  ordinary  law  eatablislied  by  Dal  ton  and  Henry,  bt^^ 
that  chemical  affinity  must  come  into  play ;  and  tlie  investigatioDa  of 

•  "  Fhiloiiophicil  MiigttiiDe,"  voL  xxxitl  p.  28. 

+  **  ArchiT  der  Plumnjujie,''  Add  *'  LieUg  ivnd  Eopp's  Report"  for  1S49,  p,  366, 

t  ^eUchenaw,  'BeitrtLge^urpQeamat^lLigiedeADltit^*  '*  Slizuiigsberkht  d.  k.  Ak& 
tL  Wigsena.''  imvi.  1850,  p.  293.     8ae  alao  Feraet^  **  AoaaL  de  Soicd,  Nat.,"  1851 
Utta.  riii.  p.  12& 

§  *'  Le^yns,"  1859,  tora.  L  p»  282, 

II  "Zdis«krlft  t  itaU  M^„**  bond  vUi.  p.  25Cf. 
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Meyo',  Fernet,  Heidenhain,*  and  others  indicate  timt  the  Cnrl^otiJC  Acid 
preient  in  the  blood  may  be  divided  into  two  portions,  of  which  one  fol- 
lows tlie  ordinary  law  of  absorption,  whilst  the  abaorption  of  the  other 
is  only  explicable  on  the  supposition  of  there  being  certain  aubstancea  in 
the  blood  for  which  it  posseasefi  a  strong  affinity,  and  with  which  it  enteri 
into  cyarabioation.  These  substances  appear  to  be  tfce  Carbonate  and 
Phosphate  of  Soda  contained  in  the  Liquor  Sanguinis,  for  dilute  aolntiona 
of  both  these  salts  in  pure  water  exert  a  well-marked  influence  iu  in- 
ereasisg  the  quantity  of  Carbonic  Acid  which  can  be  absorbed ;  in  the 
former  case  a  bicarbonate  of  the  alkali  being  formed,  and  in  the  latter 
case  a  peculiar  double  salt^  represented,  according  to  Fernet,  by  the 
formula  PO^  +  2NaOHO  +  2  CO*t — As  regarda  the  Oxygen  contained 
in  the  Blood,  there  seems  every  reason  to  believe  that  it  is  altogether 
present  in  the  state  of  chemical  combination  with  aome  constituent  of  the 
Red  Corpuscles :  since,  in  the  first  place,  it  has  been  shown  by  Bernard  J 
that  a  solution  of  pyrogallic  acid,  the  affinity  of  which  for  oxygeo  la  well 
known,  will  not  abstract  it  when  injected  into  the  vessels,  the  acid  re- 
appearing unchanged  in  the  urine ;  whilst  the  observations  of  Berzelius 
long  ago  proved  tliat  serum  alone  possesses  no  greater  power  of  absorbing 
oxygen  than  pure  water.  The  importance  of  the  absorption  of  thia  gaa 
being  dependent  upon  chemical  affinity  and  not  simply  upon  pressure,  is 
sufficiently  obvious ;  since,  hy  securing  the  introduction  of  a  dclinita 
proportion  of  this  gas,  it  enables  animal  life  to  be  maintained  witliout 
difficulty  at  ail  altitudes,  and  under  the  most  various  conditions  of  atmo- 
spheric pressure. 

169.  The  actual  quantity  and  relative  proportions  of  the  Gases  con- 
tained in  the  Blood,  as  well  as  the  exact  ratio  of  the  combined  to  the 
aimply  absorbed  gases,  is  still  a  matter  of  question.  The  following  table 
gives  the  most  recent  obsraratioiia  on  this  subject  :§ — 
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1 

Cirbonio  Add. 

-    *- 

Obterrer. 

1 

1 

■% 

Art«ml  Blc^  <Dog) 

4&-49 

20^88 

12*4S 

2 '83 

6-62 

28^ei 

34  23 

M«7er 

Dittij     .... 

54  OS 

26^50, 

14-20 

6-04 

6*17 

28*68 

34-75 

It 

DafibrinedCalfiBlood 

35  16 

17  04 
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— 
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Artenal  Blood  of  Dog 
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■ — 

0-88 

1-64 

— 

— 

20'»O 
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It  will  be  obAcrved  thut  wMkt  the  total  qmmtit^  of  Gasea  contained 
in  t^e  Blood  is  given  at  nearlj  the  same  amount  by  &U  obaervers^  there 

•  *';^tudlea  de«  Phjtiolog,  Inat,  sa  Breslan/*  1863,  p.  103. 

f  Beiilcmbam^A  expodtnentJi  sbf^w  thtit  ttiiB  fitatement  oal^  hoMa  far  very  dilate 
volutions. 

t  fknmrd,  **Le^ii«,**  1850,  vol,  L  p.  337* 

i  B«e  Henle  and  Mefamtrr,  1B67,  185t,  p.  303^  I860,  p^  330;  T.  0OTiip-Bevaiiez, 
**  PUyi,  Gliemie,"  1 862,  p.  322, 
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is  ft  wide  dlFersnce  in  the  proportaona  aasigiied  by  Mejer  and  Betscli 
respectively  to  the  free  and  combmed  Carbonic  acid.  The  resulfi 
Setachenow  are  probably  the  Tuore  accimite,  ai  he  kept  the  Blood  in  si  tc 
perfect  vacuum  for  a  longer  period^  and  maintained  it  at  a  temperatu 
of  about  ICK)"^  F.,  a  point  whiti  had  been  previonaly  neglected.  8iippo&*5 
ing  the  reiidt  obtained  by  this  observor  to  be  correct,  it  folio  wa,  as  Fernet  * 
obBervee,  that  there  can  be  but  little  Bicarbonated  Afkali  in  the  Blood,' 
^G8  this  win  not  give  up  its  CO^  to  mere  exhaustion ;  and  we  must  con -J 
elude  that  the  Carbonic  Acid  taken  up  in  excess  of  the  ordinary  law  ofj 
abflorption  is  due  to  the  Phosphate  of  Soda  contained  in  the  Serum  of  thi| 
Blood. — The  percentage  proportion  of  the  Gases  of  the  Blood  amooggtl 
them^lves,  obtained  &om  the  m&m  of  seven  observations  of  Meyer  and 
Setechenow,  is — 

Oxjgen.     .......     28*20 

Nitrogen     .*.....       7 '10 

CftibonicAcid      .     .     .     ♦     .     64*70 

lOO'O 
In  all  experiments  made  to  determine  the  proportions  of  the  Cas^  oft 
Bloody  the  investigation  should  be  commenced  immediately  after  thd 
blood  baa  been  withdrawn ;  since  it  is  certain  that  the  quantity  of  Oxyg 
decreases,  and  of  Carbonic  Acid  increases,  with  conaiderable  rapidityJ 
Thus  Felix  Nawrocki*  found  the  following  difFeTenccs  in  two  equal  aaf 
similar  portions  of  blood  drawn  at  the  sauie  time,  one  of  whicli  {i.)  ws 
examined  immediately,  and  the  other  (n,)  after  the  lapse  of  24  ho 
the  mean  temperature  of  the  air  in  which  was  8G°  F* : — 

I.  ir. 

CO,  .    .    .    34-flfl  .    .    .    ,     ,  40*fi5 

O      .     .     ,      7-72  .....       1*02 

K     ...      Vm  .    .    .     .    .      007 

44*35  42  64  Vol.  in  100  of  BldodT 

The  variation  which  occurs  in  the  proportion  of  the  several  Gases  in 
diiFerent  kinds  of  Blood  h  well  Rhown  in  tJie  foOowing  results  obtained  by 
Sc35e]kow,t  where  A  indicates  Arterial  blood,  ME  the  blood  returning  fron 
muscles  at  rest,  and  MA  that  returning  from  muscles  in  action  : — 


Total  Gui» 

0 

N 

Fmb  CO, 

Combined 

Totet 

A          4S-515 
&m      40-4fiO 

MA.     ^rm& 

17-334 
7*6 
1*235 

i'63e 

1*364 
0923 

24-204 
31-036 
34-443 

0-341 
0*550 
0*438 

31*586 

34-eai 

In  other  experiments  Scjselkow  found  that  the  venous  blood  retumin 
from  muscles  at  rest  contained  on  the  average  6*71  per  cent  more 
Carbonic  acid  and  9  per  cent  less  Oxygen  than  arterial  blood,  w*hil3t 
tbat  returning  from  muscles  in  action  contained  an  excess  of  10'79  per 
cent  of  Carbonic  acid,  and  a  deficit  of  from  12  to  14  or  even  16  per 
cent  of  Oxygen ;  and  similar  results  were  obtained  by  Bernard, |     From 

*  See  "Stttdien  rlea  Phjsiolog.  Inrtitnt  m  Breslati/*  1863|  p.  144, 
+  "  Sitningiljedch  t  d ,  Wiener  A  k  ad. , "  band  xIt,  ,  1 8fi  2. 
t  ^'Le^onj^**  vol.  ii,  1850,  p.  435. 
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tlk€  mqtiiriea  of  His,*  it  appears  that  tho  Blood- Corptiseles  podseas  peculiar 
relations  to  Ozone,  absorbing  that  aUotropic  condition  of  Oxygen  with 
considerable  energy,  but  parting  with  it  again  with  equal  Jkalitj,  and 
acting  therefore  pre-eminently  as  Ozone  carriers. 

170*  The  incr^ae  of  the  Fibrin,  however,  which  seems  to  be  effected 
daring  the  aeration  of  the  Blood*  must  be  taken  as  an  indication  tliat  a 
csertain  part  of  the  oxygen  absorbed  from  the  air  m  made  directly  subser- 
Tient  to  changes  in  the  composition  of  tlie  circulating  fluid ;  and  it  appears 
from  certain  of  its  reactions,  that  tlie  fibrin  of  arterial  blood  must  be  in 
a  state  of  higher  oxidation  than  that  of  venous.  Now  although  the  dif- 
ferences between  fibrin  and  album eo  lead  us  to  regard  the  production  of 
the  former  from  the  latter  as  rather  a  vital  than  a  chankai  clmnge,  yet 
the  existence  of  the  difference  in  question  obTioUflly  pointa  to  the  presence 
of  oxygen  as  a  condition  essential  to  its  performance ;  and  this  inference 
m  Mly  confirmed  by  the  experiments  of  Dr.  Gairdner.t  oq  the  iniluence 
of  the  respiration  of  pure  oxygen  on  the  production  of  fibrin.  As 
tJid  Babbit  was  on  many  accounts  the  most  convenient  warm-blcjoded 
BQimal  hr  Bach  a  trial,  he  fiiBt  set  himself  to  determine  the  normal 
proportions  of  die  constituents  of  its  blood.  The  analyaii  of  the  bloo<l 
drawn  from  the  aorta  in  six  healthy  individuals,  yielded  the  foUowitig 
results: — 
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On  the  other  band,  tJie  analysis  of  the  blood  of  three  individuals  which 
had  been  made  to  respire  pure  oxygen  for  half  an  hooTj  gave  the  following 
as  the  proportions  of  its  components  i — 
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It  is  fiirther  stated  by  Dr.  Gairdner,^  that  a  rabbit  having  been  kept 
fbr  half  an  hour  under  tlie  influence  of  an  electro- magnetic  cuirent 
between  the  chest  and  spine,  which  produced  a  great  acceleration  in 
the  respiratory  movements,  its  blood  was  found  to  contain  as  much  as 
2-9  parts  of  fibrin  in  1000.^ — The  larger  quantity  of  fibrin  in  arterial 
blood  of  itself  renders  its  coagulum  firmer ;  but  independently  of  this^ 
there  would  seem  to  be  a  difference  in  the  quality  of  the  fibriuj  which, 
when  separated  by  stirring  or  whipping,  is  more  tenacious  mid  compact 
in  arterial  than  in  venous  blood. 

171.  The  proportion  of  Red  Ck>rpiujclea  in  arterial  and  venous  blood 
respectively,  has  been  variously  stated  by  diflerent  observers ;  and  we  may 
eafflJy  conceive  it  to  be  affected  by  several  circumstances,  which  may 
produce  a  change  in  the  whole  proportion  of  the  solid  to  liie  fluid  con- 

•  '*  JoumaT  de  k  FhyBiol.,"  voh  i*  185S,  p.  6S4, 

t  Treatisfl  **  On  Gout,'*  2nd  edit,,  pp.  153-4.  t  Op.  dL,  p.  183. 

g  More  recently  Mr.  A.  H.  8niee  { '*  Prqcetdinga  of  tbe  Hoynl  Society/'  lSfl3),  and 
r.  Qomp-Beaanei  (*' Phymolog.  Ohemie/'  1 562,  p.  137)  hare  stated  tbnt  tbej  biiTo 
obtaiaed  a  tbrinOike  sabst&noe ;  the  fotm^r^  b;  tranamittii^g  Oxygeu^  and  tbe  latter 
OMme,  thiotigb  an  ftlbaumionB  fluid. 
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stituents  of  the  bloody  during  tlie  course  of  its  circulation.     Thus,  tbe 
disdiar^e  of  the  contents  of  the  thoracic  duct  into  the  venous  system  near 
the  heart,  will  tend  to  dilute  the  blood  of  the  pulmoiiary  and  arterii ' 
circulatioii;  whilit,  conversely,  the  escape  of  the  watery  part  of  the  blood  ^ 
by  the  renal  and  cutaneous  aecretions,   and  by  traneudation  into  the 
tiasuea,  which  takes  place  during  ita  passage  through  the  systemic  capil*^ 
lariess  will  tend  to  augment  the  proportion  of  the  solids  of  the  bloodfl 
drawn  from  the  ayatemic  veins.     On  the  other  handt  if  the  dischai^e  of 
fluid  from  tlie  fhoracic  duct  be  euspeuded,  and  the  amount  absorbed  from 
the  tiasuea  dining  the  syfitemic  circulation  should  exceed  that  which  isjH 
transuded  (as  appears  Bometitnea  to  hapi^en^  §  166),  tlien  the  proportion^ 
of  solid  matter  wiE  be  leas  in  venous  than  in  arterial  blood. — No  such 
Explanation  will  apply ^  however,  to  the  veiy  marked  differences  exhibited 
in  Dr,  Gairdner^s  experimenta  just  cited^  between  the  proportions  of  red 
corpuscles  and  of  albumen  in  the  ordinary  arterial  blood  of  rabbits,  and 
in  that  of  the  individuals  whose  blood  had  been  hyper-arterialized ;  the 
sum  of  the  averages  in  the  former  case  being  128^65,  and  in  the  latter 
109  79,  the  diiFerenee  of  which  is  18*86,  or  nearly  one-seventh  of  the  larger 
amount.     Still,  that  this  di (Terence  is  in  great  pirt  due,  rather  to  dilution 
of  the  blood,  than  to  the  absolute  diminution  in  its  entire  amount  of  red 
corpuaclei  and  of  albumenj  would  seem  probable  from  tlie  &ct  that  their 
relative  amount  is  almost  as^ctly  the  game  in  the  two  cases,  the  propor* 
tion  of  oorpu&cles  to  albumen  being  1'78  :1  in  the  normal  blood,  and 
1*72  :  1  in  the  oxygenated,* 

172,  The  difference  in  the  colour  of  arterial  and  of  veeona  blood,  which 
is  entirely  dependent  upon  the  state  of  the  Red  Corpuscles,  has  been 
commonly  supposed  to  be  produced  by  a  chemical  chaiige  exerted  upon 
their  Haematin  by  oxygen  and  carbonic  acid  reap^tively.  Of  such  change, 
however,  tliere  is  no  adequate  evidence ;  and  there  are  many  indications 
that  we  are  to  look  for  Uie  source  of  the  difference  of  colour,  rather  in 
modifications  in  the/orm  of  the  corpuscles,  affecting  their  power  of  tnms-| 
mitting  and  reflecting  light,  than  in  any  chemical  alterations  of  their^ 
contents.  It  is  true  that  if  arterial  blood  be  exposed  to  carbonic  acid  out 
of  the  body,  it  will  acquire  the  dark  hue  of  venous  blood ;  whilst,  con- 
versely, Tenoufl  blood  exposed  to  oxygen  will  acquire  (on  its  surface  at 
least)  the  florid  hue  of  arterial  blood.  But  for  these  changes  to  take 
place,  it  is  necessary  that  the  normal  proportion  of  isaline  matter  sliould 
exist  in  the  scrum  in  which  the  corpuscles  float.  For  if  arterial  blood 
deprived  of  its  fibrin  be  diluted  with  twice  or  thrice  its  volume  of  water, 
it  assumes  a  dark  venous  tint,  which  is  not  pffected  by  the  passage  of  a 
current  of  oxygen  through  it ;  yet  the  red  colour  is  restored  by  the 
addition  of  a  saturated  solution  of  a  neutraJ  salt,  even  without  the  contact 
of  oxygen.  On  the  other  hand,  venous  blood  is  reddened  by  the  addition 
of  a  Blrong  saline  solution,  without  any  ei^Kisure  to  oxygen ;  jmd  it  is  not 
readily  darkened  again  by  the  passage  of  carbonic  acid  tluxiugh  it.  Again, 
a  scarlet  clot  is  darkened  by  washing  it  with  distilled  water,  and  is  only 
very  slowly  reddened  by  exposure  to  oxygen ;  whilst  a  black  clot  becomes 
at  once  scarlet  when  it  is  washed  with  salt,  and  is  not  blackened  again  by 

*  It  would  be  Important  to  deter  mm©  the  ooapttrative  atnotint  of  carbotiic  acid,  and 
of  ihe  noMs  of  IhQ  uridv,  tixcroied  ia  tbe  same  time  bj  two  sets  of  ADimalt  pl&cerl  muder 
tli«H  varf  diTerse  couditLoni, 
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carl^oiuG  acid*  Further,  if  the  corpiiacles  be  treated  witli  water  until  the 
hiBiimtin  is  diffused  throijgh  the  liquid,  scarcely  any  effect  is  produced 
upon  the  hue  of  the  solution^  either  by  carbonic  acid^  by  oxj^gen,  or  by 
salines ;  such  eiight  alteration  as  does  occur  being  fairly  attributable  to 
the  influence  which  tlie  absorption  of  these  gases  may  profluce  upon  the 
colouring  matter,  without  enterii^  into  cheniical  combination  with  it, — 
Hence  it  is  obvious  that  the  Ught  or  dark  colour  of  tire  blood  affords  no 
indication  whatever  of  it®  state  of  oxygenation,  since  the  change  from  the 
one  to  the  other  may  be  effected  by  other  agents ;  and  if  we  examine  into 
the  nature  of  their  influence,  we  find  that  the  blood  is  darkened  by  what- 
ever tends  to  distend  the  corposclea,  so  aa  to  render  them  flat  or  bi-convex, 
whilst  it  is  hriffhtened  by  whatever  tends  to  empUf  them^  so  aa  to  render 
them  more  deeply  bi*concave  than  usual.*  The  varying  circmnstances 
under  which  either  arterial  or  venous  blood  may  be  at  one  time  dark 
and  at  another  acariet  in  colour,  have  been  very  iiilly  disciisaed  by 
Bemard.f  He  observes  that  in  the  Ftetus,  and  in  the  asphyxiated 
animal,  the  blood  is  eveijwhere  dark  or  venous.  On  tlie  contrary, 
during  sleep,  in  the  hlbernants  during  the  period  of  repose,  and  in 
animals  dying  by  anemia,  the  blood  is  everywhere  scarlet  or  arterial. 
With  high  temperatuiiea  of  the  surroimding  medium,  whether  this  be  air 
or  water,  there  is  httle  difference  in  the  colour  of  the  two  kinds  of  blood, 
the  arterial  being  leaa  and  the  venous  more  florid  than  tiaualj  The 
difference  between  them  is,  on  the  other  hand,  best  marked  in  cold 
weather.  The  BIo*>d  contained  In  the  veins  of  muscles  is  dark,  and 
always  of  a  deeper  shade  in  proportion  lo  the  energy  and  duration  of  the 
previous  muscular  contraction,  whilst  that  returning  from  the  glands  ia 
always  brighter  in  proportion  to  the  activity  with  which  secretion  is  being 
petfonned ;  and  in  the  latter  instance,  with  the  alteration  in  colour,  tlie 
amount  of  fibrin  is  found  to  bo  diminished,  or  so  modified  as  to  form  a 
softer  clot,  from  wliich  a  larger  quimtitjr  of  serum  separates.  It  is  remark- 
able that  if  the  dark-coloured  clot  of  ordinary  venous  blood  be  immerfled 
in  the  scrum  of  the  scarlet  venous  blood,  it  rapidly  assumes  a  brighter 
tint,  and  conversely  the  clot  of  scarlet  venous  blood  changes  to  a  dark 
colour  when  immeraed  in  the  serum  of  deep-coloured  venous  blood; 
from  which  w©  may  conclude  that  the  primary  changes  are  effected  upon 
the  Liquor  ^nguinis,  and  not  upon  the  corpuscles.  The  influence  of  the 
Nervous  System  in  inducing  alterations  in  the  colour  of  the  blood  return- 
ing from  glands  has  already  been  pointed  out  (§  80). 

173.  Although  no  difference  can  bo  detected  between  samples  of  blood 
drawn  from  various  parte  of  the  Arterial  system  of  the  same  animal,  very 
important  variations  exist,  as  might  be  expected,  in  the  composition  of 
the  blood  drawn  from  the  several  parts  of  the  Vmous  system ;  since  the 
changes  to  which  it  has  been  subjected  in  the  several  organs  through  which 
it  has  passed,  are  of  a  very  diversified  character.  The  blood  of  the  Vena 
Porta,  for  example,  differs  coosideraMy  from  the  blood  of  the  Hepatic 


•  Mcflsra*  Todd  And  Bowmiin  ("Phjfs-  An»t.,"  toI  *L  p*  293)  were,  boweTer,  qiuUikto 
diieem  fttiy  difereace  in  form  under  tW  BueroMopt)  betweeu  the  Corpuades  of  Yeaoaa  uid 
Arteiijil  Blood. 

+  **Le90DJ,"  xi,  toxix.,  1850. 

t  See  an  ^ooouat  of  D&r/a  mid  Grawford'a  Ejcperiroeaia  in  QtilliTer'A  Lectnrea, 
**Ked,  fimwuid  Gak,/^  lSd3,  vol,  t.  p.  1. 
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f  em,  aad  both  of  these  differ  &om  the  blood  of  the  Jugular.  So,  agaiiif  the 
blood  of  the  Splenic  aa  well  as  that  of  the  E^ial  yein  dlflfers  from  all 
pieoeding.  The  moat  important  and  best-establifihed  of  them  diversitia 
wiU  now  be  enumerated. — In  speaking  of  the  composidon  of  the  blood  < 
the  Vetia  Port(E^  it  must  be  remembered  that  this  coBsistB  of  two  Teiy 
distinct  Victors,  nam^iy,  the  blood  of  the  Gastric  and  Mesenteric  veil 
and  the  blood  of  the  Splenic  vein ;  the  former  having  been  altered  by  1 
introdactioi)  of  solid  and  liqiud  alimentary  mattera,  and  the  latter  by  i^ 
cifculatioii  Uirough  the  spleen.  These,  therefore,  ought  to  be  separate 
studied  ;  and  this  has  been  done  by  M.  Jules  Bikjlard,*  The  char^ 
of  the  blood  returning  by  the  Ga&tric  and  Mesenlenc  veins  from  the  ^ 
of  the  alimentary  canal,  are  of  course  affected  by  the  stage  of  the  digestive 
process,  and  by  the  nature  and  amount  of  the  af>aorhable  matte!r8. 
compared  with  the  ordinary  venous  blood,  the  total  quantity  of  ite 
conatituente  is  lowered  during  the  early  part  of  the  digestive  proceaB^  ' 
the  dilution  it  sudors  through  the  imbibition  of  hquid ;  and  this  din 
nution  ia  especially  remarkable  in  the  corpuscles,  the  relative  proportio 
of  albumen  beiiig  increased  by  the  introductdon  of  new  albuminous  nmtter 
from  the  food.  Towards  the  coQcluaion  of  the  digestive  prot^es,  however, 
the  blood  of  the  mesenteric  veins  gradually  comefl  to  pr^eut  the  ordimiy 
proportions  of  these  two  components ;  and  in  an  animal  that  has  been 
subjected  to  long  abstinence^  it  does  not  differ  from  that  of  the  venoua 
aystem  in  general.  The  quant)  1y  of  extractive  is  usually  increased ;  and 
in  thiB  part  of  the  blood  it  must  be,  that  sugar,  dextrin,  gelatin,  and 
other  soluble  organic  mattere  that  are  taken  into  the  circulation,  are  < 
tained.  Some  of  these  have  in  fact  been  detected  in  it.f  The  fibrin 
the  blood  of  the  mesenteric  veins  appears  to  be  lesB  perfectly  elaborati 
than  that  of  the  blood  in  general  ^  for  the  blood  of  tlie  mesenteric  veil 
csoagulates  less  firmly  (having  been  erroneously  asserted  by  some  not  to 
coagulate  at  all) ;  and  its  fibrin,  when  separated  by  stirring,  shows  a 
niarked  deficiency  in  tenacity,  and  liquefies  completely  in  the  course  of  a 
few  hours.  A  part  of  the  albuminous  constituent  of  this  blood  does  not 
present  the  characters  of  true  albumen,  ibr  it  is  not  precipitated  by  heat 
or  by  nitric  acid,  and  the  precipiiate  thrown -down  by  alcohol  is  redift- 
solved  by  water;  like  albumen,  however,  it  is  precipitated  by  thd 
metallic  salts,  creosote,  and  tannin,  Thia  substance,  which  has  been  di»* 
tinguiaUed  by  M.  Mialhe  as  alhuminose^  ftirther  differs  irom  true  albtimea 
in  the  facility  with  which  it  traverses  orgamo  membranes ;  for  these  r^iat 
the  passage  of  albumen,  while  they  are  freely  transuded  by  albuiuiuose. 
And  it  is  affinned  by  M.  Mialhe,  that  the  want  of  tliat  conversion  of 
albuminose  into  albumen,  which  ought  to  take  place  as  part  of  the  asai- 
milatiiig  proems,  is  one  cause  of  the  readiness  with  which  albuminoui 
matter  transudeB  from  the  blood  in  albuminuria  and  in  dropsies ;  thii 
albuminous  matter  frequently  having  rather  the  characters  of  albuminoaOi 
than  those  of  true  albumen,} 

171.  That  the  Spleen  ordinarily  effects  a  marked  change  in  the  C0n-» 
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*  See  Kb  M^tDmr  in  the  '' AtcU.  Qin.  de  M6d./'  4*  so^^  torn,  xriii,  p.  322  tftMfi/ 

and  hi*  edition  of  bii  f^tber'n  *^£l£mona  d'AnatomlQ  G6rv£rale/*  pp.  266,  200. 

f  See  the  KMe&rches  of  MM.  Bi:>uch&Fd&t  ftud  S&adna  in  the  '^Sttpplfmeat  i  TAn- 
nnftire  de  Tb^rapeatique,'^  1816. 

t  See  the  "Gniride  Phy«iologie"  of  M,  Fod  Bknrd,  torn,  iii.  p,  87* 
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fititution  of  the  blood  which  paeaea  through  ifc,  app^ra  from  the  analjies 
made  hj  Mr.  Gray  and  M,  B^lard,*  of  the  blood  diawo  from  the  interior 
of  the  organ  itself  after  its  reraovalj  the  splenic  vein  baring  been  pre- 
yiouftly  tied.  The  nature  and  amount  of  tliese  changes,  however,  difier 
in  a  very  marked  degree,  according  to  the  stage  of  the  digestive  operation 
and  the  general  condition  of  the  nutritive  functions ;  und  it  is  to  this  cir- 
cumstsmce  that  we  are  probably  to  ascribe  much  of  the  diversity  in  the 
results  obtained  by  previous  experimenteTa,  A  nmrked  decrease  in  the 
total  amount  of  Bofid  matter  is  generally  observable ;  the  average  of  twelve 
experiments  giving  only  1874  per  1000  of  aolid  constituents  in  the  splenic 
bloody  whilst  the  arterial  blood  of  the  same  animals  contained  239  porta, 
and  the  jugular  venoua  blood  201  parts,  Thia  decreajse  depends  upon  the 
dinunJahed  proportion  of  red  eorpuscles^  which  seems  always  to  present 
itself,  except  in  starved  or  extremely  ill-fed  animals.  On  the  other  hand, 
the  albumen  usually  exhibits  a  marked  increase,  which  may  even  double 
its  previous  amount^  and  this  seems  greatest  at  on  interval  of  some  hours 
after  ieeding.  The^^nn  seems  to  be  aknost  con- 
itandy  augmented,  and  thia  sometimes  in  a  very 
rmnarkable  degree  j  the  quantity  foimd  in  the 
splenic  blood  varying  from  2-5  to  11^53  parts  in 
1000,  or  from  an  amount  a  little  al:)Ovo  the  usual 
standard,  to  nearly  six  times  that  average.f  The 
blood  of  the  Splenic  vein  is  further  remarkal>le  for 
the  large  proportion  of  colourless  corpuscles  (appa- 
rently derivod  from  the  white  portion  of  ita 
parenchyma)  which  it  includes,  HirtJ  counted  1 
colotarle^   to    2179    coloured  corpuscles    in    tlie 

Blood  of  the  Splenic  Artery,  but  1  colourless  to  60   bCd^Ut '"  th^tcS^''  Vitb 
coloured  in  that  of  the  Splenic  Vein ;  and  the  latter  *^'  *^ '™  ""^^^^ 
is  also  remarkable  for  containing  a  numb^  of 
fibrinous  Hakes  and  of  peculiar  celb  including  rod-like  crystals  of  reddish- 
yellow  colouring  matter  (Fig.  42),  which  seem  to  be  red  corpuscles  in  a  state 
of  degeneration. 

175*  Many  comparative  observations  have  been  made  upon  the  blood 
of  the  Vmia  Porl(E  and  of  the  Hepatic  vein ;  but  a  large  part  of  them, 
ooGording  to  M,  CL  Bernard,  are  vitiated  by  the  ihct,  that,  unless  the 
vena  porte?  be  tied,  a  reflux  of  blood  takes  place  into  it  from  the  liver, 
so  that  the  blood  which  flows  when  it  is  wounded,  is  not  so  much  portal 
as  herpatic  blood.  According  to  this  experimenter,  the  blood  of  the 
hepatic  vein  is  peculiar  as  containing  an  increased  proportion  not  only 
of  sngar  but  also  of  fat ;  these  substances  being  generated,  during  the 
pasaoge  of  the  blood  through  the  liver,  not  only  from  amylaceous  or  other 
Baocbarine  matters,  but  even  from  azoti^ed  compounds.  The  production 
of  M  is  to  a  certain  degree  vicarious  with  that  of  sugar ;  and  the  former 

*  **  On  th«»  Stracture  and  Usas  of  the  Spleen/'  1S54, 

t  It  ^emi  obTioQs  that  ludi  an  enormous  ditnmittbD  of  tbe  Bed  Corpmctes  oan  onlj 
take  pia^  in  blood  which  h  partintly  or  coiDpleiety  atitgnakd  in  the  organ ;  si&&^,  if  the 
orculAtiun  throngh  tt  were  taking-place  at  the  nma!  nit«,  all  the  blood  in  th«  hod  j  would 
be  Hpeeddj  ftnbjected  to  the  prooess^  and  ita  corpaaclea  would  be  {aa  it  were)  entire!/ 
melted  dowD.^Por  a  sUtemeot  of  Mr.  Qtay's  views,  with  criU<^  obserratlouj  thereon, 

■  Bee  the  "Brit,  and  For,  Med^-Chlr,  E*t,,"  Jan.  1855» 

■  t  '*  Mulled*  Archiv,"  1856. 
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ia  characteristic  of  herbivorous,  the  latter  of  cumivorciiis  atiinrnls.  Ao 
cording  to  Prof.  Lehraanti,  the  blood  of  tlie  heimtio  vein  differs  Irom 
of  the  portsil  in  the  following  particulnrs.  **  It  is  far  poorer  in  waiter ;  so 
that,  ajasumiug  the  Bolid  eoDStitdenta  of  the  blood  to  be  eqiinl  in  both 
kinds  of  blood,  the  quantity  of  water  in  the  blood  of  tlie  portid  vein  is  to 
that  in  the  blood  of  the  hepatic  vein  as  4 : 3  during  digestion  and  when 
not  much  drink  hns  been  taken,  and  somedmes  aa  much  as  12:5  after 
digestion  has  been  fiilly  accomplished.  The  blood  of  the  hepatia  veil" 
ei^ier  does  not  coagulate  at  all,  or  the  clot  is  buiky  and  readily  brc 
down,  Whibt  34  parte  of  serum  are  sepamtad  from  100  parts  of  fion 
blood,  only  15  are  separated  from  100  parts  of  tiie  blood  of  tJie  he|«itifi 
vein.  The  blood  of  the  hepatic  vein  m  far  richer  in  blood-ceOsp  botj 
coloured  and  ooionrless,  tlian  that  of  the  portal  vein ;  the  colourless  cm 
puseles  occur  in  the  moat  varied  shapes  and  si^ses  ;  Hirt  estimated  tha 
the  proportion  of  the  colourleia  to  the  red  corpusclea  was  in  the  porta 
venous  blood  as  1 :  524 »  in  the  hepatic  as  1:136;  the  coloured  are  i 
in  heaps  of  a  distinct  violet  colour,  and  their  cell- walk  are  lens  readiljj 
destroyed  by  water  than  are  tliose  of  the  blood  of  most  other  ve 
The  cells  in  tlie  blood  of  the  hepatic  veins  are  poorer  in  fat  and  in  lalt^ 
and  especially  in  hamatin,  or  at  least  iron,  but  somewhat  richer  in  e:c- 
tractive  matters.  Their  specific  gravity  is  higher  than  that  of  the  celliH 
of  the  portal  blood,  notwithstanding  die  diminished  quantity  of  iromB 
The  plasma  of  the  blood  of  the  hejxitic  veins  is  far  denser  than  tJiat  of 
the  blood  of  the  portal  vein,  for  it  contains  a  much  larger  amount  of  solid 
constituents  generally,  although  httle  or  no  fibrin  is  to  be  found  in  it* 
If  we  compare  the  solid  constituents  of  the  Bermn  of  both  kinds  of  blood , 
we  find  less  albumen  and  iat,  ant3  far  less  salts,  in  the  blood  of  the  hepatic 
vein,  while  tlie  quantity  of  extractive  matter,  including  sugar,  is  percep- 
tibly augmented/'*  It  cannot  be  doubted  that  when  the  secretion  of 
urine  is  proceeding  with  rapidity,  the  blood  of  the  Ben^il  vem  mufit  con- 
tain a  smaller  proportion  of  water  than  that  of  the  renal  artery ,  and  that 
the  quantity  of  salines  also  must  be  diminished ;  since  a  sepjarat^on  of 
these  ingredients  takes  place  in  the  passage  of  the  blood  through  the  renal 
capHiariee.  So  far  as  regards  the  quantity  of  water,  this  cL  priori  conclu- 
sion has  been  confirmetl  by  the  analyses  of  Simon,  who  found  790  parts 
of  water  in  lODO  of  blood  drawn  from  the  renal  artery,  and  only  778  in 
blood  drawn  from  the  renal  vein  of  the  same  animal  ,f  And  Pi  card  { 
found  in  tlie  renal  arterial  blood  of  two  dogs  0*0365  and  0^04  per  cent 
of  Urea,  whilst  in  the  venous  blood  retiiming  from  tlie  kidneys  the  pro- 
portion was  0,0186  and  002  per  cent.  PoisseuiOe  and  Gobiey,§  however, 
did  not  find  tlie  difference  so  weU-marked  or  constant* 

17G.  Alterations  in  the  Composition  of  the  Blood  in  Di»ms€^ — Under 
this  head  it  is  intended  here  to  consider,  not  t^e  state  of  the  Blood  In 
every  principal  type  of  disease  (which  it  ia  the  duty  of  the  Pathologist 
to  investigate),  but  the  moat  important  facts  which  the  study  of  its 
morbid  conditions  has  afforded,  towards  the  determination  of  the  con* 


*  *' Phjaiologit^L  ChemiHtrj*'  (CiiTeDdisk  Scyokt/s  ed.),  vol.  ii.  p.  2511;   Ldun 
«*  Leipwger  Beriohte,"  HI  131  ;  wid  *'  PliRnnaceut  GentniJ  Blatt.*"  1S56,  p.  433. 
+  3iiaoii*8  '^  AaiiDal  Chpmiiatry*'  (Sjrdeiiliam  Bociety^s  ed,),  toI.  I  p.  214. 
X  Fi{^&rdi  **  Stir  U  Fr6ien«e  de  I'tJr^  d&ns  le  3^u^,**  Sinusbuorg^  3850. 
f  '^CJomptaa  E«ada^"  ISSe.  ^  IC4. 
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ditions  imder  which  decided  variatioiifl  take  plaae  in  the  quantity  or 
quality  of  its  principal  componenta,  and  of  the  effecta  which  those  varia- 
tiona  pr&duce  upon  the  Bystem  at  large.  Mmij  analyses  have  been  made 
bj  excellent  observers;*  but  in  oonsdliuence  of  the  variations  in  the 
mode  of  analysis  poraned,  the  resulta  can  only  be  given  in  general  terman^ 
177.  The  iirst  of  these  components  whoae  variations  we  aliall  consider, 
fa  Fibriti;  tlie  estimate  of  which,  however,  is  open  to  an  imporlaat 
iklkcy,  tliat  has  not  bee  a  siifKeiently  gtiarded-against, — namely,  the 
admixture  of  the  Colourless  corpuscles*  **Thesej"  as  Mr.  Paget  correctly 
remarks,  **  cannot,  by  any  mode  of  analysis  yet  invented^  be  separated 
irom.  the  fibrin  of  mammalian  blood ;  their  composition  is  uukno^vn,  but 
their  weight  is  always  included  in  the  estimate  of  the  fibrin.  In  health, 
they  may,  perhaps,  add  too  little  to  its  weiglit  to  merit  consideration ; 
but  in  many  diseases,  especially  in  indamniatory  and  other  blood-diseuaes 
in  which  tne  fibrin  is  said  to  be  increased^  these  corpuscles  become  ao 
numerous  that  a  large  proportion  of  the  supposed  increase  of  the  fibriii 
must  be  due  to  their  being  weighed  with  it.  On  this  account,  all  the 
atatemeota  respecting  the  increase  of  fibrin  in  cert^iin  diseases  need  re- 
vision."")"— In  the  results  of  the  analyse  now  to  be  stated,  it  must  be 
borne  in  mind  that  the  term  *  fibrin*  really  designates  the  'coloiu-leas 
coaguhmi*  of  spontaneous  formationj  whatever  may  be  its  comi>oaition. 
The  foUowing  may  be  considered  as  tlie  normal  range  of  variation  for  the 
principal  constituents  of  the  blood  in  health,  according  to  the  mode  of 
esumating  them  pursued  by  MM,  Andral  and  Gavarret ; — 

Flbria    .    *    .  .  from      2  to      Z\  ysa^A  per  1000. 

Bed  CorpusclcB  ,  „      110  „   1S2       „ 

Stilidd  of  Semin  .  .^        72  i»     88        „  „ 

Water  ,     »     .  ,  „      760  „  815       »  „ 

178*  The  most  important  &ct  substantiated  by  Andral,  is  one  that  had 
been  previously  suspected, — the  invariable  increase  in  tlie  quantity  of 
Fibrin  during  acute  Infiammatory  affections ;  the  increase  being  strictly 
pro|M>rtional  to  the  intensity  of  the  iullammation,  and  to  the  degree  of 
sym ptomatic  fever  accompanying  it.  **  The  augmentation  of  the  qaan* 
tity  of  Fibrin  is  ^  certain  a  sign  of  Inflammation,  that,  if  we  find  more 
than  5  pituta  of  fibrin  in  1000,  in  the  course  of  any  disease,  we  may 
positively  aiiirm  that  some  local  infianimation  exiats."  The  average 
proportion  of  Fibrin  in  Infliunmation  may  be  estimated  at7  j  the  minimum 
at  b ;  the  maximum  at  13-3.  The  greatest  augmentation  ia  seen  in 
Pneumonia  and  Acute  KhenmatiEm.  An  increase  is  also  commonly 
cbaervable  during  the  advanced  stage  of  Phthisis,  in  spite  of  the  deteriora- 
tion which  the  blood  must  tlien  have  undergone,  and  this  is  probably 
dex>endent  upon  the  development  of  local  inflammation  around  the  tuber- 
cuiar  deposits.  In  Continued  and  Typhoid  Fevers,  whilst  the  proportion 
of  Corpuscles  is  commonly  increased,  there  is  a  decrease  in  the  proportion 
of  Fibrin,  eapecially  in  die  early  stage  |  though  the  usual  augmentation 
will  take  place  if  any  local  inflammation  occurs.  It  appears  firom  the 
ctaEperimentfl  of  Magendio,  that  one  of  the  effects  of  a  diminution  in  the 
proportion  of  Fibrin  is  a  tendency  to  the  occurrence  of  Ilcemorrhage  or 


^  Se«  ADdral  and  danuTQt,  "Basal  d' Hsematologie  Fatbologiqae;"  Bccquerel  &ad 
Bodt«r,  '*  Recberches  sar  la  Cumpontton  du  Sang/*  &c. 
t  £jrk£t  dud  PB^et's  *' Handbook  of  PhyBiolugy,**  p»  57, 
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of  Congestion,  either  in  the  parenchymatoufl  tassno  or  on  the  surface  of 
membranes;  and  these  conditions  are  well  known  to  constitute  common 
comphcatione,  not  only  of  febrile  diseitaes,  but  also  of  Apoplexy  and 
Purpum  hiemorrhagiGaj  in  both  \>f  which  there  in  a  marked  deficiency  of 
Fibrin-  It  has  been  aiserted  that  the  proportion  of  Fibrin  is  diminidied 
in  Scurvy ;  but  thia^  from  the  analyses  of  MM,  Becqnerel  and  Eodierj 
ChatiTi  and  Bouvier,*  and  Mr-  G.  Buak,f  appears  not  to  be  the  casej  the 
proportion  of  fibrin  being  nither  above  than  below  the  normal  average. 
In  Cholera,  howeverj  a  reduction  in  the  coaguJable  element  of  ^e  blood 
seema  to  be  an  alniost  constant  occurrence  \  and  in  some  instances,  the 
blood,  although  loaded  with  aobd  matter^  hai  scarcely  coagulated  at  alL 
Of  the  blood  drawn  during  life,  it  haa  been  observed  that  the  clot  is 
loose  and  grumous,  oflen  not  shrinking  and  expelling  aerum  ;  and  that 
this  change  presents  itself  in  a  degree  corresponding  to  the  severity  and 
advanced  stage  of  the  disease*  And  when  the  blood  has  been  removed 
firom  the  body  after  death,  the  clots  have  been  found  loose  and  &agile  in 
texture^  somelimes  almost  semi-fluid.  |  The  increase  in  the  fibrinoaa 
oonitituents  of  the  blood  in  Inllammation,  as  long  ago  maintained  la 
previous  editions  of  tliis  work,  is  not  dependent  upon  the  febrile  conditfon 
that  ia  Becondary  to  the  local  iniianimationr  but  upon  the  Inflammation 
itself:  Virchow,§  from  carelnl  observations,  has  been  led  to  express  simi' 
views  on  this  subject,  remarking  tliat  tlie  fibrin  is  not  primarily  dcTi 
loped  in  tlie  blood,  but  ia  a  purely  local  production,  being  origi 
formed  in  tlie  tissues  of  the  inflamed  part  externally  to  the  veoada, 
being  subsequently  taken  tip  by  the  Lymph- tubes,  and  by  them  convey i 
to  the  blood.  The  so-called  "  exudation"  which  is  supposed  to  form 
greater  part  of  the  swelling  in  Inflammation,  and  which  is  usually  regarded 
as  an  efiusion  from  the  congested  ve^^Is  of  the  part^  b  in  lus  opinion 
merely  the  surplus  fibrin,  formed  tii  loco,  for  the  removal  of  which  the 
lymphatic  circulation  is  not  imfficiently  active. 

171h  The  amoimt  of  ^ed  Corpuscles  seems  to  be  subject  to  greater 
variation  within  the  limits  of  ordinaiy  health,  than  is  that  of  fibrin-     In 
the  condition  which  is  ordinarily  termed  a  highly  sanguineous  tempera^ 
ment,  or  Plethoraj  it  is  chiefly  the  entire  mass  of  the  blood  that  mider- 
goea  an  increase ;  but  whatever  excess  there  may  be  in  tl*e  proportion  of 
its  solid  constituents,  this  affects  the  Corpuscles  rather  than  the  fibrin. 
Plethoric  persons  are  not  more  prone  to  Inflammation,  than  are  thocie  of 
weaker  conatitution ;  but  they  are  liahle  to  Congestion,  especially  of  the 
brain,  and  to  a[>opIe3£y  or  other  hemorrhage.     The  eflect  of  bleeding  in^ 
diminishing  this  tendency  is  now  inteUigiblo ;  since  we  know  that  lo^H 
of  blood  reduces  the  proportion  of  corpuscles. — On  the  other  hand,  l^' 
tliat  temperameDt||  which,  when  exaggerated,  becomes  Aniemia,  Xh^tG  is 
a  marked  diminution  of  the  Corpuscles ;  and  this  temperament  may  lead, 
on  the  one  hand  to  Chlorosis,  iu  which  the  lied  Corpuscleeare  diminished 

*  "  Joam.  de  Cbimie  Midic&Ie,"  Man,  ISIS, 

+  *'Libraiy  of  Mediciae,^'  vol*  t.  p.  00, 

Z  S^e  Dr,  Pju-keii*  '*H^«arcbe8  tato  the  P&tholof^  and  Treabneat  of  tlie  Aamtie  < 
AOgida  Cholera,"  pp.  32;  73, 

g  **  Cellular  Patliojcigj,"  tranaktod  by  Dr.  Chaace,  pp*  1(14,  166,  392. 

Ij  The  term  lymphatic  has  been  applied  to  ibis  teuipenvmiMt  j  hj  whk 
lasiat  a  prodQinioaaoe  of  timpb  ia  tbe  tibaorbeal  veftselSt 
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wKilat  the  Fibrin  reioaiiis  the  eame,  a  condition  of  the  fijetem  which  ia 
^Dgularly  ini proved  bj  the  remedial  employment  of  Iron  \*  and,  on  the 
otber,  to  Scrofula,  in  wliich  a  dlminutioa  of  Corpnacles  coexxata  with  a 
deficiency  in  the  amount  or  in  the  degree  of  ebboration  of  the  Fibrin. 
A  fiimiW  deficiency  id  the  proportion  of  Red  CorpuKlea  has  been  ob- 
aerved  by  Andral  in  other  cachectic  states  induced  by  disease,  a£  in 
Dial>e6ea  MelhtUB,  Aneurismal  dilatation  of  the  Heart  producing  Drojiey, 
~  "in  Cachexia  Saturn  ina.  It  occurs  also  in  Scurvy »  and  in  the  advanced 
t  of  Aibuiniuuria ;  and  Dr.  WiHiamaf  has  observed  a  fiimikr  total 
destruction  of  the  blcKnl -discs  ia  a  caee  of  maligDiiat  scarlatina  with 
purpura ;  and  has  met  with  indications  of  a  partial  destruction  of  tbem 
in  acute  purpura  connected  with  jaundice,  and  in  cases  of  functional 
derangement  of  the  liver. 

180,  A  marked  ini^eaae  in  the  proportion  of  the  Colourie^g  Corpuscles 
has  been  frequently  ohflerved  in  the  blood  of  Intlammatory  anhjects ;  tliia 
increase  is  not^  howeverj  so  characteriatic  of  the  InHammatory  state  as 
Bome  have  supposed ;  for  it  is  by  no  means  constant  in  that  condition, 
and  IB  frequently  seen  in  very  different  states  of  the  system. — Atten- 
tion has  recently  been  drawn  by  Prof.  J.  H*  Bennett  f  to  a  condition  of 
the  Blood,  which  is  especially  characterized  by  a  marked  excess  of  these 
bodies,  and  which  he  has  designated  by  the  term  Leucocffthmmia  (white^ 
cell-blood).  This  condition  baa  been  detected  in  the  blood  of  a  con- 
siderable number  of  individuals  suffering  under  diseases  (roost  commonly 
enlargement)  of  tlie  Spleen,  Liver,  and  Lymphatic  glands,  either  separately 
or  in  conjunction ;  but  it  has  not  yet  been  determined  how  far  it  is  con- 
irtantly  associated  with  any  of  these  abnormal  conditiond.  In  aU  cases  in 
which  such  blood  has  been  analyzed,  its  specific  gravity  has  been  found 
very  low,  and  the  totid  amount  of  corpuscles  small ;  but  the  fibrin  is 
almost  invariably  above  the  average,  having  in  one  instance  risen  to  7^08* 
i8L  The  quantity  of  Albumen  in  the  blood  seems  to  vary  leas  tlian 
that  of  most  of  its  other  constituents.     The  proportion  which  it  bears  to 

*  Th^  reoQtdB  of  Medloine  ficaroely  fiiramli  a  more  notable  example  of  tBe  pemidoua 
inflaeiice  of  theories  toandsd  upon  a  abaUovr  Bmpiridim,  «Dd  of  Ihe  BUperioiitj  of  a 
Batl«»nii  practice  bft^  oq  a  kaowledge  of  the  real  facts  ofUie  nam,  tluMi  is  affioded  bj 
t&«  oontrui  between  the  former  and  tbe  present  tfntmeat  of  ChhrotU*  WMIat  tt^ 
tMtm  pr^T&Ued  that  tb«  'baify  coat*  is  a  alffn  of  lofliLramBtiofi,  and  that  tb^most  iwteni 
ramedj  far  IndAmmatioa  is  loas  of  blwHl,  patieoU  already  reduced  to  a  atate  of  aDseiuio, 
who  complained  of  pain  b  the  left  bypoehondrium,  j>alpit&tioo8»  Ao.^  were  bled  oTeraad 
oTcr  again,  overy  withdrawal  of  blood  of  course  aerioualy  imax^ng  the  miacbief,  bj  pro- 
dncing  a  further  reduction  in  the  proportion  of  red  corpttsolea  (§  1 6(J).  The  Author  well 
i«i&£jikberB  tbatt  whon  a  pupil  in  the  Bristol  rnBrmarj  in  the  years  183S-4,  he  waa 
i^fWAtM^j  directed  by  the  estimable  Senior  Phyaictan  (long  ainc«  dead)  to  draw  eigbt, 
t*jn,  or  twelve  ountsea  of  blood  from  patienta  in  this  condition ;  and  that  the  craMementam, 
after  f^oagnlationj.  often  reae cabled  a  small  island  floatinif  in  an  ocean  of  aerum.  Yet^ 
beoanee  Uua  minnto  clot  exhibited  the  bnffy  c<>at^  the  bleeding  was  considered  to  be 
^erUiodox'  practdeei,  and  the  obntiaacy  of  the  lymptoma  was  attribnted  to  the  tSTcrity 
of  the  dieeaaev  If  M,  Andral  bod  made  no  other  cantfibntioa  to  Medical  Science  than 
the  demonttratioD  of  the  real  natnre  of  tbi^  condition  of  the  bloody  and  of  the  inflaenceof 
further  depletion  In  procioting  it>  he  would  bave  rendered  a  moat  oaB^nt^at  aerrice  totbe 
multitnd«a  of  femnlcs  who  are  unfbrtttn&te  enough  to  Baffer  from  tiiii  kind  of  detenora- 
ti<m  of  their  Tital  flniiL 

+  "  Principles  of  MediciKe^"  2nd  edit,  p,  115, 

t  Sea  hia  au<»eaaire  Papera  in  the  "  Ediab,  MoDthly  Journal  **  for  1851,  Ida  Treatise 
*'  OnJjenoo^hMuiia,''  and  hia  CUii<  Lecturea  ''On  the  Frindpl^and  Practii^of  Med./- 
Srd  edit,  1359,  p.  S57  tt  ic^. 
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the  water  of  tbe  serum  ^  ii  of  course  elevatad  by  naything  whith  diminishi 
^e  latter ;  and  tlnis  we  find  it  higb  in  cholera  after  profbee  discharges 
fluid  from  tljo  intestinaJ  canal,  and  in  other  cases  In  whicli  Uiere  has 
an  unusual  drain  upon  the  hquid  part  of  the  blood,  provided  that  tl 
albumen  do  not  pans  off  with  it,  as  sometimes  happens.  Where 
special  cau^e  is  in  operation,  which  fevours  the  escai>e  of  the  album* 
from  the  circulating  current  (as  happen i  in  various  forms  of  Albumin mia, 
but  especially  in  the  advanced  stage  of  '•  Bright's  disease' ),  the  amount 
albimien  in  the  sertmi  is  reduced  below  the  nonnal  siaudard.  Thus  " 
ChriBtiaou  found  the  entire  aolids  of  the  serum  to  be  reduced  in 
instances  to  55  or  even  5^  parta  in  1000,  his  estimate  of  their  xv 
amount  being  ii3'4 ;  and  he  ibund  the  specific  gravity  of  the  serum  to  ^JI 
as  low  as  1020  or  even  lOld,  tlae  normal  standard  being  from  1027  to 
1031.  According  to  Andral,  the  diminution  in  the  aniount  of  Albumen 
in  the  Serum  is  exactly  proportional  to  tiie  quantity  contained  in  ttie 
Urine,* — The  proportion  of  fattt/  matter  in  the  serum,  and  especially 
the  cholesterin,  has  been  found  by  MM.  Becquerel  and  liodier  to  undeq 
an  increase  at  the  commencement  of  most  acute  diseases ;  and  they  b&i 
also  observed  an  increase  of  fat,  and  especially  of  cholesterin,  in  cliro] 
diseases  of  the  liver,  in  Bright^s  disesfie  of  the  kidney ,  and  in  tubercuiosin. 
The  quantity  of  fat  in  the  blood  sometdni^  undergoes  such  an  augmenta- 
tion, as  to  give  to  tlie  serum  a  constant  ^milkiness/  This  has  been 
observed  by  Murcet  in  a  case  of  diabetes,  by  Traill  in  hepatitis^,  l 
Christison  in  dropsy,  icterus,  and  nephritis,  by  Zanarelli  in  pneumou' 
and  by  Sion  in  mammary  abscess^  In  Dr*  Siou^a  case,  the  blood  itael 
was  quite  milky ;  it  underwent  no  coagulation  \  aiid  only  a  very  fimall 
quantity  of  colouring  matter  was  deposited,  when  it  was  allowed  to  stand. 
This  blood  was  found  by  Lecanu  to  contain  206  parts  of  sohd  constituents 
in  1000;  but  of  these  no  leas  than  117  parts  were  fat,  the  remainder  cou- 
nisting  of  albumen  (64  parts),  and  of  extractive  and  salines  (25  parts). 
No  fibrin   could   be  found^  and  the  quantity  of  hajmatoglobulin   was 

*  A  esse  us  related  hj  Aadrali  iiader  this  bead,  whieh  afibrda  on  iDterettuig  exempli* 
Hcation  of  the  general  f^cts  that  h&ve  been  nttAJned  by  fau  isvettigatioiis^  A  woukAa 
trbo  bad  been  nuffeifjug  from  Ery^ipelafl  of  the  fnco^  and  bad  lo«t  blood  batb  bj  veonofi- 
tioQ  and  b;  leech^fi^  beciuae  the  subjeot  of  Albumitiurijk  The  blood  diswit  nl  thii  \am« 
exhibited  a  comiderable  dimiaatioa  in  tbe  proportion  of  Corpnaclefli  aa  well  iLa  of  Albu* 
men," a  fact  which  the  prsrioira  loss  of  blood  foJIj  accounted  for.  After  a  abort 
p4sriod,  during  trhteb  abe  htid  liieeo  allowed  a  fuller  diet^  WQotber  estpenxuental  bleefllng 
exhibited  an  increaM  in  ihe  proportJon  of  Corpoactes.  Some  time  after wardi,  frkeu  the 
Albnmen  b^d  di^ppoaiied  from  the  Urice,  eoiiie  more  btood  waa drawn;  and  It  woa ihi.'ii 
obeenred  that  the  Albamen  of  the  Serum  bad  rfiturn^  to  ita  due  proportion,  but  that 
the  Corpuaelea  had  i^gaiti  dimiukhed,  whilst  theie  wwi  a  marked  increase  in  the  quiiLitiLy 
of  Fibrin,  Thifi  altemtioa  waa  fuLljr  acconnted'^  bf  the  hal^  tbati  in  the  ini;4irTnt^ 
aeveral  Lymphatic  ganglia  in  th«  neck  had  beea  iafluaed  and  had  auppu rated  ;  and  that 
the  patient  bad  been  again  placed  en  Tory  low^  diet.  *'Tbu8,''  obserrea  Andnd^  **  w« 
vere  enabled  to  g;ve  a  complete  eKplatiation  of  the  remarkable  osciIbLtionfl  which  wtrt 
preaented  in  the  proportion  of  the  differeot  elementa  of  the  blood  drawn  at  three  diflt^rc'nt 
titnea  from  theaame  indiridual;  and  tbna  it  in  thtit^  the  more  extended  are  our  inijtiiTi^ 
the  more  &i«y  does  it  becume  to  refer  to  general  principtes  tbo  eanaea  of  all  those  changes 
in  the  compoaitiou  of  tlie  blkjod,  which ^  from  tlic  fretiticncj  and  rapidity  with  which  thej 
occnr,  oeepi  at  first  uiglit  to  bnfilo  all  rules,  and  to  take  ploce^  aa  it  were,  at  random, 
Id  the  mid«t  of  thia  apparent  diiorder,  there  \h  but  the  fulfilment  of  taws;  and  in 
order  to  obtaia  thosc^  it  ia  only  ueoesmry  to  ^Uip  the  phenomena  of  their  complicatlaiuq^ 
and  raduee  them  to  their  umpteal  form.** 
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inappreciable.*  Such  a  fluid  mmst  he  cotiaidered  tather  as  chyle  than  ba 
blood  J  and,  in  the  entire  abseoce  of  coagulating  power,  corresponds 
ivther  witli  chjle  when  first  absorbed,  than  with  that  which  is  usu&Uj 
transniitted  by  the  thoracic  duet  (§  IM). — Little  is  known  with  certainty 
regarding  the  rariationa  of  the  ulkuline  salts  in  the  bloofl  in  different  dia- 
eases.  The  analyses  which  Lave  been  made^  however,  are  considered  by 
Prof.  Lehmann  j  to  indicate  that  in  veiy  severe  inflaniTuatious  they  are 
^featly  diminialied ;  whilst  they  are  much  increased  in  tlie  acute 
exanthemata  and  in  typhus,  in  dysentery ^  Bright^s  disuse,  and  all  forms 
of  drop^  and  hydriemia  j  and  are  oilen  doubled  in  quantity  in  diseases 
depending  upon  malarious  influences,  such  as  endemic  dysentery,  maJig- 
ttant  forms  of  intermittent  fever,  See.  Although  a  large  quantity  of  jmline 
matter  usually  passes-off  from  the  blood  in  Cholera^  yet  the  proportion  of 
water  discharged  is  so  much  greater,  that,  as  appears  from  the  analyses  of 
l>r.  Garrod,  the  percentage  of  saHnes  in  the  blood  is  ratlier  increased 
than  dlmimahed.|  Tlie  proportion  o£  Water  in  the  blood  will  of  coiu-se 
vary  reciprocally  with  that  of  the  solid  constituents;  and  will  be  esfjecially 
augmented  when  there  is  a  marked  diminution  in  the  amount  of  red 
corpuscles, 

182.  That  the  Blood  is  subject  to  a  great  variety  of  other  morbid 
alterations^  which  are  sometimes  the  causes,  and  sometimes  the  resultB, 
of  Disease,  cannot  be  for  a  moment  doubted.  But  our  knowledge  of  the 
nature  of  tljese  changes  is  as  yet  very  ineuflicient.  The  gr^t  amount  of 
attention  which  is  being  directed  by  Chemists  and  PathologiBtQ  to  the  sub- 
ject, however,  will  doubtless  ere  long  produce  some  important  results,— 
Among  the  most  frequent  causes  of  depravation  in  the  character  of  this 
fluid,  we  must  undoubtedly  rank  the  retention,  in  the  Circulating  current^ 
of  matters  whidi  ought  to  be  removed  by  the  Excretory  processes.  We 
ajiajl  here^^  see,  that  a  total  interruption  to  the  excretion  of  Carbonic 
Acid  by  the  lungs  will  occasion  death  in  the  course  of  a  very  few  minutes ; 
and  even  when  only  a  slight  impediment  is  offered  to  it,  so  that 
the  quantity  of  carbonic  acid  always  contained  in  arterial  blood  is  aug- 
mented to  but  a  small  degree,  a  feeling  of  discomfort  and  oppression, 
increasing  with  the  duration  of  the  interruption,  h  speedily  produced.  The 
resulti  of  the  retention  of  the  materials  of  the  Biliary  and  Urinary  excre- 
tious  will  be  hereafter  considered  (cHAr.  ix.) ;  and  at  present  it  will  be 
only  remarked^  that  such  retention  is  a  most  fertile  source  of  slight  dis- 
ordetsof  the  system,  that  it  is  largely  concerned  in  producing  many  severe 
diseases^  and  tliat,  if  complete,  it  will  most  certainly  and  rapidly  bring 
about  a  &tal  result. 

3.  Oftht  Vital  Properties  of  the  Bloody  and  its  Helati^ns  ta  the  Living 

Organist. 

183.  It  cannot  be  doubted  that  the  perfect  and  regnlar  performance  of 
the  various  actions  to  which  the  Blood  is  subservient,  is  dependent  upon 
the  admixture  of  its  princifkal  components  in  their  due  proportions,  and 
upon  its  freedom  from  deleterious  matters,  whether  iS>rmed  within  the 

*  ThiB  retDnrltiiltle  cafle  is  cited  id  Simoa^a  "Animal  Chatilirtry,"  vol  i,  p.  S33,  from 
ibt  **kmoett«  Frun^aise,"  1 835,  No,  49, 

t  ** Pbywological  Cheujiatrj "  (CaTendUU  Society's  ed,),  toL  ti  p.  20Z 

*  "  Lozulaa  J<^ur»al  of  MediciueL,"  Maj,  IM9. 
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system,  OF  mtroduced  into  the  circulating  current  from  without*  And  It 
is  not  difficult  to  see  how  any  coneiderable  alteration  wliich  afiects  ila 
physical  conditioDfl  merely,  may  thereby  produce  a  moet  serioufl  disturb- 
ance in  the  re^;ularity  of  the  circulation,  and  in  the  functioiia  to  which  it 
tmnintau  Thim  it  has  been  shown  by  tlie  eixperiments  of  Poiaseuille,* 
that  3  certain  degree  of  viscidity  is  favourable  to  the  motion  of  liquid 
through  capillary  tubes ;  a  thin  solution  of  sugar  or  giun  being  fouod  I 
traverse  them  more  readily  than  pure  water  will  do»  Hence  any  i 
alteration  in  the  proportion  of  the  organic  and  saline  compounds  dissolve 
in  the  liquor  sanguinis,  and  especially  in  that  of  the  Fibrin  (oa  which 
the  viscidity  of  the  blood  appears  chiefly  to  depend),  might  be  expected 
to  produce  obstruction  in  the  capillary  circulation,  and  to  favour  transr^ 
udation  of  the  fluid  portion  of  tlie  blood  ;  and  the  numerous  experimenis 
of  Magendie  (Op.  ciL)  seem  to  fevour  this  view,  although  they  are  &r 
from  manifesting  that  character  for  accinracy  and  discriminatiou,  which 
would  be  required  to  afford  an  authoritative  sanction  to  it.  A  much  more 
determinate  infiuonce,  however^  must  be  exerted  upon  tJie  Red  CorpuscleSj 
by  any  cause  which  seriously  affects  tlie  speciiic  gravity  of  the  liquor  san- 
guinis (§  145) ;  and  the  perfect  elaboration  of  the  Albuminous  constituent 
cf  the  serum  has  been  shown  to  be  requisite,  to  prevent  it  from  copiously 
transuding  the  membrauous  walls  of  the  vessels  which  it  traverses  (|  1T3). 
— These  and  other  physical  and  chemical  relations  of  the  Blood,  however, 
are  quite  subordinate  to  its  Vital  reactioiLs ;  and  it  is  into  them  that  we 
have  now  to  inquire, 

184,  There  are  only  two  constituents  of  the  circulating  Blood,  which 
can  be  considered  as  being  them3eh*es  endowed  with  vital  properties; 
these  are,  the  Fibrin  and  the  Corpuscles.  The  remainder  of  its  comp 
nents  can  scarcely  be  looked-npon  in  any  other  light  than  as  eksmic^ 
oorapounds,  which  are  to  be  rendered  subservient  to  the  nutritive 
other  operations  of  the  Uving  tissues  in  virtue  of  their  vitality,  or  whid 
have  already  discharged  their  duty  in  the  system.  Before  proc 
however,  to  inquire  Lcto  the  nature  of  the  relation  of  these  mibstanc^a  to  the 
*  Life  of  the  Blood/  our  attention  may  be  advantageously  directed  to  th^l 
remarkable  change  in  the  state  of  tlie  blood  when  withdrawn  from  the  veifl 
sels  of  tlie  living  body,  which  is  commonly  known  as  its  *  coagulation-^  Tl^fl 
terra,  however,  as  applied  to  the  blood  en  tnasse^  is  quite  inappropriate ; 
sinc%  as  we  shall  presently  see,  the  coagulation  essentially  consists  in  the 
passage  of  the  fibrin  alone  from  the  soluble  to  the  eolidilied  state;  and  this 
oomponent  scarcely  tbrms  more  than  one  hundredth  part  of  tlie  whole 
solid  matter  of  the  circulating  fluid.  All  the  phenomena  attendxmt  upon 
this  process,  and  the  condi  lions  hy  which  it  is  influenced,  have  been  made 
the  subject  of  very  careful  study,  both  by  Chemists  and  Physiologists;  but 
it  must  be  admitted  that  they  dirow  very  Uttlc  light  upon  the  vital  rela- 
tions of  the  Blood  to  the  Organism  at  large ;  these  being  only  aufltaLned 
whilst  it  is  circulating  in  a  fluid  state,  and  beiog  Interfered-with  by  any<^ 
tiling  that  favours  its  passage  into  the  form  which  it  assumed  vhea 
withflrawn  from  tlie  body, 

185.  The  Coagulation  of  the  Bloody  then,  consists  in  the  new  arrange- 


*  Sm  M,  ICa^eodie'i  "  Le^aa  aur  les  Flt^oomdnea  Fitjilqitea  de  la  Yle,''  torn,  iv^ 
p.  57. 
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mmt  of  its  constitiieDts,  which  takes  place  when  it  is  drawn  from  the 
Teeselfland  b  left  to  itself,  or  when  tlie  body  itaell  dies  (§  144).  This 
sew  arrangement  esaentiaily  depends  upon  the  passage  of  die  Fibrin  from 
the  soluble  to  the  insoltibie  state,  in  which  it  forms,  not  an  amorphoua 
coagiilum,  but  a  network  of  fibrea  more  or  less  definitely  marked-out ; 
in  the  ineahea  of  which  network  aje  included  the  Red  corpuscles,  uaually 
grouped- together  in  tsolumnar  masses  reaembling  piles  of  money.  Tlie 
CnuBameDtum  or  Clot  thus  formed,  griidimOy  acquires  a  degree  of  firm- 
neaa  prcportioDed  to  the  amount  of  Fibrin  wliich  it  contains,  and  to  the 
degree  of  its  ciaboration  ;  and  it  undei^oes  a  progresaive  contraction,  by 
which  the  Albuminous^  Saline,  and  Extractive  matters,  still  dissolved  in 
the  water,  are  more  or  less  completely  expelled  from  it,  constituting  the 
£>ermn.  This  separation  will  not  occur,  however,  if  the  coagulation 
take  place  in  a  shaJlow  vessel ;  nor  il'  the  amount  of  Fibrin  should  be 
smallf  or  its  vitality  low.  A  homogeneous  mags,  deficient  in  firmne^ 
presente  itself  tmder  such  circumstances ;  tliough  the  solid  part  of  this 
may  pass  into  a  state  of  more  complete  condensation  after  the  lapse  of  a 
csertain  time.^ — That  the  coagulation  is  due  to  the  Fibrin,  and  that  tlie 
Coipuacles  do  not  take  any  active  share  in  the  pro<5e9s,  appears  from 
seveml  considerationB,*  A  microscopical  examination  of  tlie  Clot  shows, 
that  it  has  the  same  texture  with  Fibrin  when  coagulating  by  itself;  the 
Ci»rpuscles  clustering-together  in  the  interspaces  of  the  network,  and  not 
being  uniformly  diffused  tiirough  the  whole  mass.  Their  qjecific  gravity 
being  greater  than  that  of  the  Fibrin,  they  are  usually  most  abundant 
at  the  lower  part  of  the  clot  j  and  the  upper  surface  is  sometimes  nearly 
coloiuleas,  especially  when  the  coagulation  has  taken  pkce  slowly ;  yet 
this  upper  part  is  much  firmer  than  the  lowerj  showing  that  the  Fibrin 
done  IS  the  consolidating  agent.  Ifj  after  the  complete  subsidence  of  the 
Corjjuscles,  a  Httle  of  the  colourless  Liquor  Sanguinis  bo  skimmed- olE,  it 
will  undergo  complete  coagulation,  forming  a  colourless  dot ;  as  was  long 
ago  shown  by  Hewson.  A  curious  observation  has  been  made  by  Ber- 
nard, showing  that,  even  during  life,  the  Blood-ceUs  have  a  natural 
tendency  to  gravitate  to  the  lowest  part  of  the  fluid.  Thus  in  a  Horse, 
hud  on  the  gromid  in  such  a  position  that  its  long  jugular  vein  was  nearly 
horizontal,  a  small  opening  made  in  the  upper  surface  allowed  the  escape 
only  of  yellowish  serous  fluid  without  red  corpuscles,  whilst  from  a 
similar  small  opening  made  at  the  lowest  siuface  of  the  vein  some  very 
black  blood  issued*  Both  portions  coagulated  j  the  first,  of  course,  giving 
a  colourless  clot ;  the  second,  as  usual,  ^  dark  clot,  with  a  well-marked 
buffy  coat.t  The  same  fact  may  be  experimentally  demonstrated,  by 
the  use  of  methods  which  eflTect  an  artificial  separation  of  the  Fibrin  from 
the  Corpuscles.  Thus  MuJler  placed  the  blood  of  a  Frog,  diluted  with 
water  (or  still  better,  witli  a  very  thin  syrup),  on  a  paper  filter,  when  the 
Liquor  Sanguinis,  having  passed  through  completely  unmixed  with  the 


*  It  is  remarkable  th&t  tkii  doctrine,  gImu-Ij  estabhslied  hy  tbe  older  Fkjdotogi^t^, 
■nd  e«pecLiLlJ|  by  HewsoTLf  abould  ev€r  bare  be^n  put  ajiide,  ev^n  tempomrilji  for  tbe 
mtlttMble  hjpotbefftB  that  the  coaguktion  of  Ihe  blood  la  due  to  a  nuiiiing-t<}getber  of  iti 
red  aorpueek*.— For  an  ndioiriible  aummary  of  the  history  of  opiDion  on  this  aubject, 
see  Mr.  OuUlvfr'n  lutrodaction  to  bis  Edition  t^f  QewBon'H  works  {publkbed  bj  the 
Bjdenham  Society). 

t  Berowd,  "  Lemons,"  18£0,  p,  432. 
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coTpiiflcles,  presented  a  distinct  coagtdnm;   althougbj  ftom  the  di]nt 
state  of  the  fliajd,  this  did  not  poBeeaa  much  conaktency.     O^ong  to  th 
more  minute  eij&e  of  tJie   Blood-disos  of  warm-blooded  animals^ 
experiment  cannot  be  so  readily  perfbrmed  with  theb  blood.     So,  aga 
if  fresh -drawn  blood  be  conthiiudly  stirred  with  a  stLok,  the  Fibrm 
adiiere  to  it  in  strings  during  its  coagulation ;  and  llie  Eed  eorpusclc^  wij 
be  left  suspended  in  the  seruiu,  without  the  slightest  tendency  to  coa^J 
late.     Moreover^  if  a  solution  of  any  salt  that  has  the  property  of  retard 
ing  die  coagulation  (such  as  carbonate  of  potash  or  ^phate  of  soda), 
added  to  tlie  bJcwdj  the  Corpuscles  will  have  time  to  sink  to  the  lowe 
stratum  of  die  fluid  before  the  clot  is  formed ;  tlie  greater  part  of  ' ' 
craasamentum  is  then  entirely  colourless,  and  is  found  by  the  microscope 
to  contain  few  or  no  red  particles.     It  will  be  presently  shown,  however, 
tliat  the  difference  of  specific  gravity  is  by  no  means  the  only  cause  of  the 
separation  of  the  Corpuscles  from  the  Liquor  Sanguinis. 

18*>,  That  the  Coagulation  of  the  Blood  ie  not,  as  some  have  supposed, 
a  proof  of  its  death,  hut  is  rather  an  act  of  vitality,  appears  evident  firon 
tlie  incipient  orgmuzatton  which  may  he  detected  even  in  an  ordina 
clot ;  and  still  more  from  the  fact,  that,  if  the  efftision  of  Fibrin  tak^ 
place  upon  a  living  surface,  its  conversion  into  a  fibrous  solid  is  the  firSi 
net  in  the  production  of  aolid  tissnes,  which  become  constituents  of  thfli 
living  fabric ;  for  it  seema  absurd  to  maintain  that  the  Blood  dit;^^  in 
order  to  assume  a  higher  form.     That  the  Blood  may  itself  beconie 
organized,  like  plastic  exudations  of  '*  coagulable  lymph,"  (a   doctrine 
which,  though  maintained  by  Ilimter,  has  been  subsequently  deniedj" 
seema  to  have  been  conclusively  proved  by  tJie  researches  of  Dr,  Zwicky," 
on  the  changes  occurring  in  the  clots  of  blood  which  form  in  blood- veaseli 
above  the  points  where  they  have  been  tied  i  for  he  has  traced  the  sue 
oesdve  stages  of  the  metaTnorphosis  of  the  coagulum  into  connective 
tissue,  'and  the  formation  of  ves^ls  in  its  substance ;  the  whole  procesi^_ 
taking  place  exactly  as  in  an  inflummatory  exudation,  and  the  blood'^H 
corpuscles  exerting   no   other  influence  upon  it  than  tlmt  of  slightt^^ 
retarding  it.     Similar  observations  have  been  also  made  by  Mr.  Piiget"]" — 
But  further,   the  fibrillation  takes  place  far  more  perfectly  wlien  the 
tibriuous  ftiiid  ia  efTused  on  a  living  surface,  than  when  it  is  spread-out 
over  dead  matter ;  and  thus  it  happens  tliat  fibrinouB  effu^ons  are  much 
more  completely  converted  into  fibrous  tissue  within  the  living  body,  and 
in  immediate  contact  with  Hving  tissue,  tlmn  they  ever  are  when  removed 
from  it*     A  marked  difference  may  be  observed  in  this  respect  between 
the  sitptrjivml  and  the  central  portions  of  a  blood-clot  which  has  been 
effused  in  the  substance  of  the  living  soUds ;  for  it  is  always  in  tlie  former 
that  the  organizing  process  is  most  advanced,  a  ^rm  and  distinct  fibrous 
membrane  being  ot^n  found  on  the  exterior  of  such  clots,  whikt  theu 
interior  is  sofl  and  amorphous. f     Generally  speaking,  the  fibrillation 
Tttore  perfect,  the  more  alowly  it  takes  place ;  and  the  higher  the  previou 


*  *'  Bie  MetuBorphoie  dea  Thrombus,*'  Zuri^^h,  1846. 

f  See  \m  '  Lectures  oa  the  Froceases  of  E^pair  and  ReprodactioD,'  ia  the  *'M&dicAl 
Qaietto"  for  1849,  toU  xliiL  p.  106(3;  *nd  U%  *VSurgic»l  Pathologj/'  vol,  i*  pp*  173 
—ISO. 

t  See  Dr,  G,  Barrawa,  la  "  M«jdi(^l  Gai*ttCi"  1836  ;  dtid  Mr.  Prescgtt  Hewett^  ia_ 
'*  Mfldiou'Chirurg.  Tnum.,*'  voL  xiviii,  '^ 
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vitalization  of  the  fibrin/ tJie  longer  la  it  before  it  cbanges  its  state. 
Thus  the  coagulation  of  sthenic  inflammatory  hlcKd,  which  psroduces  a 
clot  of  remarkable  fimmessT  is  much  longer  in  taking-place  than  the 
coagulation  of  ordinary  blocid ;  whilst  the  coagulation  of  the  blood  of 
cacifiectic  ffuhjeets^  which  take^  place  very  rapidly,  ie  feeble  and  imp^ect. 
The  plastic  effusions  ponred-ont  ^m  the  blood  in  these  two  opposite 
conditions,  partake  of  the  character  of  the  blood  itaeli';  those  of  die 
inflammatory  blood  of  a  previously  healthy  subject  being  converted  into 
fibrous  membranes  of  considerable  tirraness,  which  are  suhs^uently 
penetrated  by  blood- vesseta,  and  become  regularly- organize*!  tissues; 
whilst  those  proceeding  fi-om  the  bltXMl  of  caehectie  subjects  frequently 
imdergo  a  certain  degree  of  organi2ation  with  great  rapidity,  but  do  not 
go^oD  to  the  same  perfection,  and  speedily  degenerate,* 

187-  Instances  occadonally  present  themselves,  in  which  the  Blood 
dtjes  not  coagulate  after  death,  or  coagidates  veiy  imperfectly*  It  was 
affirmed  by  Hunterf  that  no  coagulation  occurs  in  the  blood  of  animals 
hnnted  to  death,  or  of  those  killed  by  lightning,  by  electric  shocks,  or  by 
blows  upon  the  epigastrium ;  and  this  statement  has  been  generally 
received  upon  his  authority.  It  is  far,  however,  from  being  constantly 
true ;  for  Mr.  Gulliver  has  collectecl  nunicrous  cases  in  which  coagulation 
wua  fomid  to  have  taken  place  in  the  blood  of  animals  killed  in  each  of 
these  modes ;  in  some  of  them,  however,  tlie  coagulation  was  very  im- 
perfect. |  It  is  not  improbable  that  some  of  the  instances  of  apparent 
ahifence  of  coagulation  were  reiilly  cases  of  retaixled  coagulation  (§  188)  ; 
and  Dr,  PoUi  goes  so  fiir  as  to  maintain,  tbat  tlie  complete  absence  of 
coagulating  power  is  a  phenomenon  which  hus  no  real  existence.  He 
fltat^  that  be  has  never  met  witli  an  instance,  in  which  the  blood,  when 
left  to  itself,  and  didy  protected  from  external  destructive  influence  did 
not  coagulate  l>efore  becoming  putrid ;  and  tliat  he  has  more  than  once 
found  blood  to  coagulate,  which  had  l>een  taken  in  a  fluid  state  from  the 
vessels  thirty-six  or  forty -eight  hours  after  death.  §  Still  there  seems  no 
reasonable  doubt  that  non-coagxiktion  mat/  occur,  when  the  blood  haa 
been  previously  subjected  to  conditions  which  affect  the  vitahty  of  its 
fibrin.  Such  appears  to  be  the  case,  for  example,  when  death  occurs  from 
Asphyxia,  as  by  hanging,  drowning,  or  breatliing  of  irrespirable  gases  ;| 
and  the  same  haa  been  observed  in  cases  of  poisoning  by  bydrocyanic 
acid,  in  which  asphyxia  was  probably  the  immediate  cause  of  d©ith.  In 
certain  diseased  states,  again,  we  have  seen  that  the  cc^gulating  power 
seems  to  be  completely  deficient  (S  178). 

188.  The  rapidity  of  Coagulation,  and  the  d^ee  in  which  the  clot 
solidifies,  vary  considerably ;  in  general,  they  are  in  the  inverse  propor- 
tion  to  each  other     Thus,  if  a  large  quantity  of  blood  be  withdrawn 

*  8«e  specially  Mr.  Baljymple'B  Alemoifa  '  On  the  rapid  orgmoizatit^n  of  Ljmpli  la 
GaebejciA^'  in  tlie  **M€d.'Chir.  Tmns./'  toL  xxlu.;  xad  'On  the  early  organization  of 
CoAgnla  and  tnixed  GbrisouB  effaabna  aoder  oertun  coadiliotiA  of  tho  sjetem,*  Op,  dl. 
voL  xxrii. 

t  '^  The  Works  of  John  Hnuier/'  edited  by  James  F.  Palmer^  vol.  iii.  pp. 
31,  114. 

t^^  ''Edlnh.  Med.  and  Surg.  Joum.,"  Oct.  1S4S|  pp,  S67,  4 IS  ;  and  his  Bdltion  of 
"Etwmn'm  Worka,**  pp.  20,  21. 

I  "AnnAli  UniTeraali/'  1S45 ;  and  "Rjmking**  Abstract,''  toI  il  p.  337. 

tl  See  Dr.  J.  D»tj'»  '^Phyiiologicftl  and  AiiAtomi^l  Hcsearchea/'  tuL  ii^  p.  W2. 
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from  the  v^seek  of  an  animal  at  the  eame  time,  or  within  sliort  inter^alfi, 
tbe  portions  that;  lajst  How  coagulate  mucli  more  Tapidlj,  but  much  hm 
firmly,  than  Uiose  tirat  obtained-  In  blood  drawn  during  Inflammatoij 
Btates,  again,  the  coj^ulatioTi  is  usually  slaw,  hut  the  clot  ie  pretemattinUlji 
firm;  especially  at  its  upper  part,  , where  die  Buify  coat  (§  193) 
colourless  stratum  of  fibrin  gradually  contract,  and  produces  the  *  cup/ 
which  may  be  generally  cousidered  to  indicate  a  high  degree  of  lufiam-^ 
mation.  AJthough  the  Blood  withdrawn  from  the  body  eoagulatas 
(except  under  the  peculiar  cireumstancca  just  stated),  whether  it  be  kept 
at  rest  or  in  motion,  whether  its  temperature  be  high  or  low,  and  whether 
it  be  excluded  firom  the  air,  or  be  admitted  to  free  contact  with  the 
atmosphere,  yet  its  coagulation  may  be  accelerated  or  retarded  by 
variation  in  these  conditions. — If  the  blood  be  continually  agitated  in  a 
bottle,  its  coagulatton  is  delayed,  though  it  will  at  last  take  place  in  shredfl 
c^  inmilated  {>DTtians ;  but  tbat  rest  Ib  not  the  cause  of  its  coagulatioii 
(as  some  have  supposed  )f  ib  proved  by  the  fact  that,  if  a  portion  of  blood 
be  included  between  two  ligatures  in  a  living  vessel,  it  will  remain  fluid 
ibr  a  eonsiderable  time;*  as  it  also  will  when  effused  into  the  midst  of 
Evii^  tisflueSj  or  kept  in  a  state  of  stagnation  in  parts  affected  witl 
infiammation.  Thus  Mr,  Gulliver,  besides  other  instances,  mentions  i 
remarkable  caae  witneaaed  by  himself,  in  which  a  collection  of  bio 
which  had  been  effiised  in  consequence  of  a  bruise  on  the  loins, 
found  uncoj^ilated  when  let-out  twenty-eight  days  aAerwards;  it 
meaaured  five  onnces,  was  as  liquid  as  blood  jnst  drawn  from  a  vein*  and 
ahowed  the  normal  characters  when  examined  microscopically ;  and  it 
ooflgulated  in  a  cup  iu  less  than  thirty  minutes. f  And  Mr.  Paget  mentions 
that  he  has  known  the  blood  remain  fiuld  in  the  vessels  of  an  inilamed  part, 
though  in  a  state  of  complete  stagnation,  for  as  long  as  three  days*  J — Again^ 
the  coagulation  is  accelerated  by  moderate  warmth,  the  natinral  heat  of  tlie 
body  from  which  the  blood  is  taken  appearing  to  be  most  favourable  1 
it  J  but  the  coagulating  power  appears  to  be  destroyed  by  a  temperature  < 
about  160",  blood  heated  to  that  point  remaining  permanently  fluid.  §  Ou 
the  other  hand,  iJie  coagulation  la  retarded  by  cold ;  but  the  coagulating 
power  is  not  destroyed  even  by  estreme  cold  j  for  if  blood  be  froae 
immediately  that  it  is  drawn,  it  will  coagulate  on  being  thawed, — More 
Ofver  it  is  accelerated  by  expoenre  to  air,  but  it  is  not  prevented  by  cora-^ 
plete  exclusion  from  it,  as  is  proved  by  its  taking  place  in  a  vacuum,  i 
in  a  shut  sac  within  the  d^d  bo<iy :  complete  exclusion  from  the  airJ 
however,  retards  the  change;  as  may  l>e  easily  shown  by  causing  bio 
to  ilow  into  a  vessel  containing  oil,  which  will  form  an  impervioua  coat- 
ing on  its  sudace,  and  will  occasion  the  coagulation  to  take  place  so 
slowly,  tliat  the  red  particles  have  time  to  subside,  and  the  upper  stratum 

*  Tbe  teBtinjany  of  all  e^cpcrimentiirH  i§  in  AdCordAHC^  on  this  point,  ikUbotiich  they 
differ  ^  to  the  length  of  time  that  e!ai>Be9  before  cKiogutiition  commences  Mr,  GulUTer 
itfttes  that  oat  of  many  triak  made  by  faim,  the  coa^nilAtion  oommenccd  wiihlit  two 
houre  in  only  a  fev  inatances  ;  mor^  eciinmoiilyf  tbreie,  four,  or  fire  bourt  olapa^  befor« 
any  clot  was  formed  ;  and  in  oae  inBtaaoe,  the  eoAguktion  wm  iacompleto  at  the  end 
of  twenty-four  hours.  In  all  theae  expenmeatfl,  the  blood  cosgnUted  in  tbe  oonrse  of  ft 
few  minutes,  wbeti  withdrawn  f^m  tbe  living  Teasel. ^&«e  Mr.  6Qlliv«r's  edition  of 
**Heweon'«  Worka,"  p.  23. 

f  Op.  di.  p.  17,  t  *' Lectures  on  Surgical  F&thology/'  toI.  L  p.  310. 

I  QitUiTef,  Op.  dL  pp.  i,  CL 
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of  the  clot  is  coloiirleas.* — The  effect  of  the  additloE  of  strong  solutioiiB 
of  neutral  salts  to  fireeli  blood,  ia  iis^ially  to  retard,  and  sometimefl  even 
t0  preTaot,  its  ooagulation ;  and  the  same  effect  is  produced  by  many 
T^getable  substances,  particularly  those  of  the  narcotic  and  aedative  class, 
each  as  opium,  belladomia,  aconitej  byoacyamus,  digitaHsp  and  tea  or 
eofiae  in  Btrong  infusion. f  The  action  of  most  of  those  substances,  how- 
ever, which  preserve  the  fluidity  of  the  blood,  only  continues  during  such 
time  aa  their  solutions  retain  a  certain  strength ;  for  if  they  be  diluted, 
oc»gulation  will  then  take  placOi  although  in  most  cases  less  perfectly 
than  it  would  have  done  at  first.  There  appears  to  be  no  limit  to  the 
time  during  which  the  coagulation  may  be  thus  postponed ;  thus  Mr- 
GulliYerf  mentions  that  he  has  kept  horse's  blood  fl^lid  with  nitre  for 
fifty -seven  weeks,  and  that  it  still  readily  coagulated  when  diluted  with 
water,  § — It  is  not  so  ditUcult^  therefore,  as  it  might  otherwise  seem^  to  give 
credit  to  the  statement  of  Dr,  PoUij  that,  in  a  case  witueesed  by  himself, 
complete  coagulation  of  the  blood  did  not  take  place  until  fift;een  days 
aifter  it  liad  been  withdrawn  from  the  body  ;  and  tJiat  fifteen  days  more 
elapsed,  before  putreikction  commeuced  in  it.  The  upper  four-fifths  of 
the  clot  were  colour less^  the  red  corpuscles  occupying  only  the  lowest 
fifth.  It  is  additioimlly  remarkable,  tliat  the  patient  (who  was  suffering 
under  acute  pneumonia)  being  bled  very  firequently  during  the  succeed- 
ing week,  the  blood  gradually  lost  its  indisposition  to  coagulate.  j| 

189-  Neither  heat  nor  Carbonic  Acid  appear  to  be  evolved,  as  waa 
formerly  supposed,  during  Coagulatiou;  but  a  email  quantity  of  Ammonia 
is  undoubtedly  liberated,  and  upon  this  iiict  Dr.  RichardsonlT  has  founded 
his  theory  of  the  ciiuse  of  the  Coagulation  of  the  Blood,  By  numerous 
and  carefully -conducted  experiments  he  has  shown  that  ail  those  circum- 
stances which  fevoUT  the  escape  of  the  volatile  alkali,  as  moderate  heat, 
free  escposure  to  air,  and  removal  of  the  atauospheric  pressure,  favour 
also  the  coagulation  of  the  Blood ;  whilst  such  conditions  aa  retard  or 
prevent  the  escape  of  the  ammonia,  such  as  cold,  increase  of  atrao* 
spheric  pre^ure,  retention  within  the  vessels,  retard  the  process.  He  has 
shown  also  that  ammonia  rapidly  escapes  in  the  Huiitus  of  the  Blood;  and 
that  if  the  balitus  of  one  portion  of  blood,  or  of  air  containing  a  small 

•  Dr.  BubingtoQ  id  **Medio:>*Cliinir^caI  TmoiiacticmJv"  ^c»L  xri, 

+  8«Dr»  J.  Bavy'H  **  Anftt^tmical  and  Phjaidogici&l  R&^earchea,"  toL  !L  pp,  101, 102 ; 
Ukd  Mr.  Fmt€r*8  "  Bxp^rimeiitiil  Inqairiea  in  Cbemical  Physiology/'  pp,  59,  6S»  &o*  A 
<K»p[oui  table  of  the  results  of  their  experinieats  lb  j^iTeD  in  Mr.  Anceirfl  '  LeHaret  uti  tlie 
Pbyriobgjr  und  Pathulogj  of  the  Blood, ^  in  the  ''Lanc*t'*  for  Dec.  21,  ISas, 

t  Mr,  OnlliTer  consider*  ihm  f(iot»  together  with  the  ooctirrence  of  coagiUatioti  on  the 
^wing  of  blood  irtiieh  hsa  h^a  frozen  whilst  yet  fluid,  as  eoDcluBite  A^inet  the  vital 
ct&racterof  th#  wci  ;  tetaarkin^  th&t  if  we  belieTe  the  coagi]Utioii  to  b«  an  ctTect  of  life, 
w<|  mn^t  admit  tiiat  we  can  Ireeze  and  pickle  the  life  (Op.  dt,  p.  21)*  No  sneh  admianon, 
however^  i»  n&eess&ry.  We  do  d(xI  freexe  and  pickle  tha  Ufe  i  but  wo  Biinply  profi^rre 
|h«  vital  prof>ertiefl  of  the  inbotanee^  by  preventing  it  hvm  nudergoing  BpEMitanMnM 
oltange ;  thas  dolnf  Uie  Batn«  for  tho  blood,  am  may  be  donft  for  ftd«di,  egggt^  and  eren 
luglilj^OTiglluxed  bodiea^  which  may  bo  kept  in  a  fft&te  of  'dormant  vital  it  j*  for  nnlimitcd 
perioda^  ij  oooling  or  drying  them,  or  by  seolndisg  tbem  front  the  atmci«[jhere,  (See 
**Princ.  of  Gea.  PhyBoi/') 

§0p.  cit.  p,  12. 

II  '*Gai2etta  Medica  di  Milano,"  Gemi.  20,  1844 ;  cited  in  Mr.  Paget'*  'Beport'  in 
"Brit,  and  For.  Med.  ReT.,*'  vol.  xix.  p.  252. 

H  See  the  ** Cause  of  the  a»agulation  of  t}i«  Blood/'  by  B.  W.  EiehardBon,  being  the 
Attley 'Cooper  Fiiie  for  J  S  £6.  Lond.  1B53. 
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percentage  of  ammorxm  be  transmitted  through  fi-eably-dmwn 
latter  will  remain  Jluid  for  a  considerable  period;  and  fmther,  that  < 
eoagnlation  has  occurred,  the  traimniiMion  of  mt  containing  ammo&ia  will 
effect  ita  reconversion  into  the  flmd  state.  From  these  and  otiier  consi- 
denitions  Dr.  Hlchardson  draws  the  conelmon^  that  the  cause  of  the 
coagulation  of  the  blood  ia  the  escape  of  volatile  alkali  from  the  blood, 
which  had  previooaly  Tnaintained  the  fibrin  in  a  fluid  state.  Notwith- 
standing the  eare  with  which  Dr.  Ricliard&^n's  experiments  were  ma 
various  objectiona  have  been  adduced  against  them :  thus  Lister^ 
noticed  that  whilst  the  blood  in  the  larger  arteries  and  veins  is  usuaily 
found  poagulatedf  it  remains  fluid  for  days  in  the  smaller  vessels^  although 
the  J  are  placed  under  circumBtancea  apparently  more  lavoitrable  for  i 
eacape  of  the  volatile  alkah ;  and  again,  that  if  a  vessel  be  inju 
either  in  ^i  amputated  limb  or  in  the  Uviag  body,  the  blood  wiH  eoagul 
late  sooner  in  the  injured  part,  although  there  is  no  greater  opportunltj?* 
fbr  the  escape  of  ammonia  in  the  one  case  than  in  the  other.  Lister 
also  painted  the  vessels  of  a  recently -killed  animal  with  ammonia,  and 
found  that  coagulation  still  occurred.  Brucke,t  again,  drew  some  blood 
from  an  animal,  and  exposed  ,it  for  15  min.  to  the  air  at  B2^  F. ;  then 
introduced  it,  wliilo  yet  fluid,  into  the  fresh  heart  of  the  animal,  in  which 
it  remained  fluid  for  5|  hoiu^,  though  all  the  ammonia  originally  pTe!?etit 
had  probably  escaped-  Zimmermann  has  further  stated  that  blriod 
which  has  been  kept  in  the  fluid  state  by  the  addition  of  ammonia  will 
afl^r  some  time  coagulate,  though  kept  in  air-tight  vessels ;  whilst  Colii^ 
fomid  that  coagulation  was  not  retarded,  but  accelerated,  by  subjectiii 
the  blood  to  increased  pressure,  the  effect  of  which  would  be  to  preven 
the  esciipe  of  the  ammonia.  Some  other  objections  have  been  raised  by 
Dr*  Davy,  Lister  and  Colin ;  but  the  most  important  one  seems  to  be  the 
production  of  a  eoagulum  upon  the  addition  of  a  httle  blood  in  such  transu- 
dations as  those  of  Hydrocele  and  of  Blisters,  where  the  coagulation  appears 
to  he  wholly  independent  of  the  presence  or  absence  of  ammonia ;  and 
Dr.  Eicluirdjon*s  view  can  therefore  scarcely  be  accepted  as  offering  a 
full  explanation  of  this  remarkable  process.  J 

190*  The  vital  condition  of  the  walla  of  the  blood-vessels  appears  to 
have  an  important  influence  upon  the  fiuidity  of  the  Blood,     Thus  it  haa 
been  found  by  Sir  A,  Cooper  and  Mr,  Thackrah,  that  whilst  blood 
closed  in  a  Ifvutg  vein  retained  it.s  fluidity  for  some  time  {§  188),  bio 
similarly  enclosed  in  a  dead   vein,  the  atmosphere    being  completely 
excluded,  coagulated   in  a  quarter  of  an  hour.     Moreover,  inflamE 
fcion  of  tlie  walls  of  die  blood- veasela  (which  is  a  condition  of  fItpre3SB\ 
vitality  J  CHAP,  vni,)  promotes  the  coagulation  of  the  blood  which  tliey^ 
e4'>ntain;    and  thus  it  is,  tliat  tiie  trunks  both  of  arteries  and  veins 
frequently  become   choked-up  by  coagula.     And,  although   there 
be  no  doubt  that  a  large  proportion  of  the  loose  tibrinous  masses  found  : 
the  heart  and  large  vessels  after  death,  are  the  result  of  post-mortem" 
coagulation,  yet  there  is   ofien   adequate   ev^idence,   derived  from   the 
aymptoms  previously  observed,  and  fi^m  the  appearances  presented  bj 

*  Croonma  Lecttire  in  the  '*  Pr<M5eediags  of  tha  Eojal  Society  f^r  IS63,'* 
f  See  Henleand  Memaner,  **Bericht/*  18/>7,  p.  231  ;  aind  1860,  p,  290. 
t  Dr.  RichjinlAOD'8  theory  is  squdl;  nji^lisfnciarj  whea  applied  to  the  phenomen 
of  coogulatloD  frequently  obeerTtid  iti  vegetable  jaieea* 
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the  coagtila  theinselvea,  tlmt  the  coagulation  has  commeEiood  dnring  life ; 
aud  in  nil  cases  of  this  kind  there  has  tioen  a  marked  depresalon  of  vital 
power  for  some  time  previoiia  to  the  final  extinction  of  Life.  Again,  it 
wa«  found  by  Schroeder  Van  der  Kolk,*  that  if  the  BuhsUnce  of  the 
brain  and  ^lhial  marrow  lie  broken-do^m^  coagiiktlon  of  the  IjJood  tukea 
place  whibt  it  is  still  moving  within  the  vessels ;  cJota  being  fotmd  m 
tli«nif  even  within  a  few  minutes  after  the  operation.  Further,  that  the 
oontaict  of  a  dead  substanee  promotes  coagulationj"]"  even  in  tlie  living  and 
actively -moving  bloody  is  ehowii  by  the  experiments  of  I^Ir,  Simon,  w!iO 
carried  a  single  thread  (l>y  means  of  a  very  tine  needle)  transversely 
tlirough  an  adjacent  artery  and  vein  of  a  dog,  and  left  it  there,  so  tliat  it 
might  cut  the  stream,  for  a  period  ol'  from  twelve  to  twenty-four  hours ; 
tlie  consequence  of  which  was,  that  a  coagulum  was  formed  upon  the 
thread,  more  or  less  completely  obstructing  the  vessel.  There  was,  how* 
ever,  a  uiarked  difierenee  in  the  eoegula  formed  within  the  artery  and 
the  vein  respectively,  wbidi  may  be  attributed  to  the  difference  in  the 
quality  of  the  fibrin  in  the  blood  of  the  two  vessels,  or  to  the  differ- 
encse  in  the  rate  of  its  motion,  or  to  liotli  causes  conjointly ;  for  the 
thread  which  traversed  the  artery  usually  presented  a  *  vegetation'  on  its 
surface,  sonjetinies  as  large  as  a  grain  of  wheat,  always  of  a  pyramidal 
diape^  with  its  base  attached  to  the  thread,  and  its  apex  down -stream  ; 
whilst  the  venous  coagnlum  was  a  voluminous  black  clot,  chiefly  col- 
lected on  that  aide  of  tJie  thread  remotest  from  tiie  beart.J 

lllL  Again,  the  contact  of  dead  animal  matter  with  the  Blood  appears 
4o  promote  the  coagulation  of  it^i  fibrin  in  a  very  remarkaltle  degree ; 
dccfision  ing  coagula  to  form^  wbilit  it  is  yet  actively  moving  in  the  vessels 
of  the  living  body.  Thus  M,  Dnpny  found  that  the  injection  of  cerebral 
substancse  into  the  veins  of  an  animal  occasioned  its  death  almost  a^  in- 
stall taneously  as  if  prnssic  acid  had  been  adminiatered ;  the  circulation 
being  rapidly  brought  to  a  stand,  by  the  formation  of  voluminous  clots  in 
the  heart  and  large  vessels.  These  experiments  were  repeated  and  con- 
firmed  by  M,  de  BIainville,| — The  same  effect  is  produced  with  still 
more  potency,  when  the  substance  injected  is  rather  undergoing  degrada- 
tion, than  actually  dead ;  for  it  then  seems  to  act  somewhat  ajler  the 
manner  of  a  ferment »  producing  a  marked  dindnution  in  the  vitidity  of 
the  solids  and  fluids  with  which  it  may  be  brought  in  eontact*     Such  ib 

•  **ComTOeot,  de  Sanfumla  Caagyktione/'  GrfiniagCB,  182^, 

+  For  Tf&tiom  proofa  af  which  see  Listen  ^Orooaiin  Lecture  on  the  Coagulation 
of  the  Blood/  in  *'Lftncet"  for  1853,  vol.  ii.  p.  I7fl* 

t  *'  Lecturer  on  General  PalholoKy,*'  p.  56.— Mr.  Simon  apphea  this  f^  to  the  e^- 
platmfjou  of  tiie  *  TeffeUtionfl'  which  bo  oommoDlj  present  t!ieiii««WeB  Gpt^a  the  Takes  of 
tb*?  heart,  in  <»»€«  gf  rheunmtic  ei5ti*>carditis  j  maintaining  that  tliej  are  simple  dejjofdla 
from  Ihe  fibrin  of  the  blood,  which  b  liuuflniillj  abnndftjjt  in  this  condition.  This  rJoc* 
tria»  OKU  only  \^  B&bstantiatod,  however,  bj  &  cnrefiil  micros430pic  exnminjvtkn  of  thete} 
tQbttiae«i ;  and  if  thej  abonld  be  proved  to  hxwt  the  aimpla  constitution  which  Mr.  Simon 
iiaipltlei  to  them,  the  fnct  will  in  nodefre«  ut  mside  (as  be  SM^ms  to  con«ider  it  must  do) 
the  C3djiteo©e  of  endocardial  inflajmnttlon,  but  will  rather  <^nfirm  it^  ai»ce  the  depowitJon 
of  fibrin  on  thofte  pftrticular  ipota  la  likely  to  be  specinUy  determined  by  inflaroraatioD  of 
the  subjacent  membrane. 

i  "Oaiette  M^dieale/'  1834,  p.  521,— There  is  no  peaaou  to  suppoee  that  cenebnil 
auhitanee  poa^esiea  a  more  apecial  iaflnencfl  thiin  would  be  eierted  bf  any  other  tiarae 
wbidi  oould  be  ai  easily  mlxed-np  with  the  circniating  I'nnrent.  Tbe  presenC43  of  a  jAtce 
ef  fleih  or  of  tbe  elot  of  blood,  aa  Frof.  Buchanan  baa  shoi^  xl,  ofteii  sufticea  to  determine 
the  cQftgtUati<m  of  fibria  in  a  aolution  from  irbicb  it  would  oototherviae  fca^e  separated, 
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pte-eminently  tbe  case  with  pus^  as  waa  long  ago  obeerred  b^  Hu 
aiad  as  Mr.  H,  Lee  has  since  determined  more  predsdy.  It  was  fan 
by  the  ktter,  that  heahhy  blood  received  into  a  cwp  oontauning  Bmm 
offensive  piis^  co^igulated  in  two  minutes ;  whilst  another  sample  of  ( " 
eame  bloody  received  into  a  clean  vessel  of  similar  size  and  shiipe,  i 
quired ^y^ce ft  minutes  for  ita  complete  co^igiilation^  When  he  illject^ 
putrid  piJifl  into  the  jngular  vein  of  a  Uving  aas,  coagulation  took  place  so 
inBtautaneoualy  as  to  produce  an  immediate  obstruction  to  the  current  of 
blood,  so  that  the  vessel  at  once  acquired  a  cord -like  character ;  and  in 
this  mode,  the  pys  was  usually  prevented  from  finding  its  way  into  the 
general  current  of  the  circulation.  Whilst  it  thus  remains  circumscrilied 
by  a  coagulum  of  blood,  the  pus  so  introduced  seems  to  produce  no  other 
constitutional  disturbance  than  is  attributable  to  die  local  injury ;  but 
if  the  circumscription  should  be  incomplete,  and  the  pus  should  be 
carried  into  the  general  circulation,  it  become  a  source  of  extensive 
mischief,  determining  the  formation  of  abscesses  in  various  parts,  and 
producing  a  most  depressing  influence  on  the  system  at  lai^.*— The 
effect  of  certain  animal  poisons  of  a  still  more  potent  nature,  when  intro- 
duced into  the  current  of  the  circulation  (as  by  the  bite  of  venomous 
Hcrpeuts),  appears  to  be,  like  that  of  a  high  tempera turej  the  entire 
destruction  of  the  coagulating  power  of  the  blood,  as  well  as  of  the  vital 
endowments  of  the  tissues  generally. 

192.  The  proportions  of  Serum  and  Clot  which  present  them  selves 
after  coagulation,  are  liable  to  great  vftriation,  indepeudently  of  the 
amomit  of  the  several  ingredients  characteristic  of  each  ;  for  the  crassa- 
mentum  may  include,  not  only  the  fibrin  and  red  corpuscles,  but  also  a 
large  proportion  of  the  serum,  entangled  (aa  it  were)  in  its  substance. 
Tliis  is  particidarly  the  case  when  the  coagidation  is  rapid ;  and  the  clot 
then  expels  little  or  none  of  it  by  subsequent  contraction*  On  the  other 
hand,  if  the  coagulation  be  slow,  ^e  particles  of  lihrin  usiudly  seem  to 
become  more  completely  aggregated,  the  coagulum  is  denser  at  Hmt,  and 
its  density  is  greatly  increased  by  Hubaequent  contraction*  When  a  firm 
fresh  clot  is  removed  from  the  tluid  in  which  it  is  immeraed,  its  contrac* 
tion  is  found  to  go-on  increasing  for  24  or  even  48  hours,  serum  being 
squeezed -out  in  drops  upon  its  sm^ace ;  and  in  order,  therefore,  to  form 
a  correct  estimate  of  the  relative  proportions  of  Craasamentum  and  Serum, 
the  former  should  be  cot  uito  shces,  and  laid  upon  bibuloua  paper,  that 
the  latter  may  escape  from  it  as  freely  and  completely  as  possible. — 
According  to  the  experimetita  of  Mr.  Thackrali,!  coa^lation  takes  place 
sooner  in  metallic  vessels  than  in  those  of  glass  or  earthenware,  and  tlio 
quantity  of  serum  separated  is  much  less ;  in  one  instance,  the  propor^ 
tion  of  serum  to  clot  was  as  10  to  24  J,  when  the  hlood  coagulated  in  ti 
glass  vessel ;  whilst  a  portion  of  tlie  same  blood,  coagulating  in  a  pcwt^ 
vessel,  gave  only  10  of  serum  to  175  of  clot.  The  specific  grarity  of 
Blood  is  no  measure  of  its  coagulating  power ;  for  a  high  specific  gravity 
may  be  due  to  an  excess  iu  the  amount  of  corpuscles,  which  form  the 
heaviest  part  of  the  blood ;  and  may  be  accompanied  by  a  diminution  iu 
the  quantity  of  fibrin,  which  is  the  coagulating  element. 

*  Se«  Mr.  B*  Lee's  eoccelleai  Treatlw  '*0a  tbQ  OHgtn  of  Inflamm&tlon  of  tht  YefiiB, 

ftod  nn  Para]«fDt  iMpoftitB.*'  

f  ^^Enqniij  into  the  Nature  and  PropertiAa  of  tlte  Blood,*'  2nd  edit.,  p,  06. 
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193*  The  surface  of  the  Craaaamentum  not  tuifi^eqiieritlj  exhibits,  in 
certain  disordere+l  conditions  of  the  bloo4t  a  kyer  thfit  is  nearly  free  from 
colour ;  and  this  is  known  as  the  Bvfff^  Coal,  Ita  presence  has  been  fre- 
quently regarded  as  a  sign  of  the  exiatfinca  of  Inflammiition,  indicating  an 
undue  predonmmnce  of  librin ;  but  this  idea  is  far  from  being  correct, 
since,  as  occiira  in  chlorosis  (§  183),  it  may  result  from  an  opjiosite 
condition  of  the  blood.  A  similar  colourless  layer  is  usntilly  observable, 
when  the  coagiiJation  of  the  blood  has  been  retarded  by  tlie  atldition  of 
agents  that  have  the  power  of  delaying  it  (§  18B)  ;  and  since,  Jii  inflam- 
matory states  of  the  system^  the  biood  is  generally  long  in  coagulating,  it 
has  been  supposed  that  tlie  separation  of  the  red  particle  from  tiie  tibrinoua 
jiart  of  tlie  clot  is  due  to  this  cause  alone.  It  was  long  since  pointed -out 
t>y  Dr.  Aluion,*  however,  that  this  explanation  is  insuffieienti  for  the  two 
following  reasons: — "  1.  The  fonnation  of  the  bufly  coat,  though  no 
doubt  tavoured  or  rendered  more  complete  by  slow  coagulation,  is  often 
obserred  iu  caaea  where  the  coaguhitiou  is  more  rapid  than  usual ;  and  the 
colouring-matter  is  usually  observ^ed  to  retire  from  the  surCice  of  the  fluid 
in  such  cases,  before  any  coagulation  has  commenced.  2.  The  separation 
of  the  fibrin  from  the  colouring-matter  in  such  cases  takes  place  in  films 
of  blood,  so  thin  as  not  to  admit  of  a  stratum  of  the  one  being  laid  above 
the  other ;  they  eeparabe  from  each  other  laterally,  and  the  films  acquire 
ar  speckled  or  mottled  appearance,  eqimlly  characteristic  of  the  state  of  the 
blood  with  the  buflTj  coat  itself** — Now  we  have  already  seen  that  the  red 
corpuscles  of  healthy  blood  have  ;pi^^  43^ 

a  tendency  to  aggregate-together 
in  piles  and  masses ;  and  it  has 
been  pointed -out  by  Prof,  H. 
Naaae|  and  Mr.  Wharton  Jonesf 
that  this  tendency  is  greatly  aug- 
mented in  inflammatory  blood,  so 
that  the  corpuscles  run 'together 
into  little  clumps  often  visible  to 
the  naked  eye,  and  adliere  to  each 
other  with  considerable  tenacity 
(Fig.  43).  Further,  it  has  been 
shown  bj  Mr,  Gulliver,  §  that  tlie 
subfiidenoe  of  the  red  corpuscles 
ia  more  rapid  in  inflamniatoiy 
than  it  is  in  healtliy  blood,  and 
that  their  rate  of  sinking  i  n  creases 
withtheiraggregation;  theaddi-  B?:7;';;;''';Z^?JS.?«l%'Teifi^"toS3: 

tio0  of  weak  aaline  solutions,  by    and  adli^re  tiijrcthcr;   lh(?  Khiti'  eorpiisclw  nm«ln 
1'^   1     .1       1*  ...        /     arvt.  ftzid  ATV  oAeu  more  abundant  tliui  OfOJiL 

which  the  hquor  aangtnnis  is  at^    *     * 

tenuated,  but  which  diminish  the  mutual  attraction  of  the  red  cor- 
puscles, partially  or  completely  preventing  the  formation  of  the  hwffy  coat, 
in  blood  which  exhibited  it  strongly  when  left  pure,  even  though  its 

•  *'0utlme8  of  PKy Biology,"  3rd  edit,  p.  89. 

t  **Da«Bltit,*'cit«d  iaHeDKa  "  AnfttotnrerMn^mle*'  ( trad, par  Joardao),  torn.  (.  p.  46S. 
t  *Eeport  OP  Inflammation/  in  "Brit,  And  For,  Med.  Rev,,"  toL  xni.  p.  567, 
I  8«6  hit  M«raoir  '  Oa  the  BufTy  Coat  of  the  B|oo<l/  in  iha  '*Bdin.  Hed.  and  Surg. 
JoiitB,/*  No.  166  ;  uid  bis  odStion  of  "HeWBon's  Works,"  p.  41. 
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coi^g^lation  was  considerably  retarded  thereby  5  on  the  other  liand^  tLe 
addition  of  mucilage  whh  a  small  quantity  of  saline  matter^  tlie  effeut  of 
which  is  to  promote  the  aggr^ation  of  the  corpuacles,  tended  to  develope 
the  buffy  coat  by  increasing  the  rate  at  which  they  sink*  Now  as  it  hm 
been  found  Uiat  iiq^iior  saiiguiiiis  deprived  of  its  corpuscles  coagulates 
more  slowly  than  uimlt€red  bloody  it  does  not  seem  improbable,  ai  Mr. 
Gulliver  Ims  renmrked,  that  tihis  separation  of  the  two  components  of  die 
caraasamentuni,  which  determines  the  formation  of  the  bnffy  coat,  is  partly 
the  cause,  rather  than  the  oonseqnencej  of  the  slowness  of  the  coagulatipix 
of  inflammatory  blood. — It  is  in  the  buffy  coat  of  inilamnaatory  blood 
that  we  see  the  clearest;  indications  of  organization  ever  presented  hy  the 
circidating  fluid*  The  fihroua  network  ia  frequently  extremely  distincti" 
smd  it  commonly  includes  a  largo  number  of  colourless  corpuscles  in  ilf 
meshes,  these^  iodeed,  being  sometimea  bo  numerous,  that  it  ia  almost 
entirely  composed  of  them.  In  sevoro  Chlorosis,  the  buffy  coat  appears, 
according  to  Andral,  to  be  duo,  not  to  an  increase  in  the  proportion  of 
the  hbrin,  as  in  inflammation,  but  to  a  diminution  in  the  proportion  of 
Corpuscles,  that  of  the  fibrin  remaining  tindbanged. 

194*  The  actual  cause  of  the  separation  and  coagulation  of  the  fibrin 
13  still   exceedingly   obscure,      Dr,  Buchanan*   remarked  that   Fibrin 
might  apparently  be  formed,  or  at  least  that  coagulation  could  be  induced, 
by  mixing  two  serous  fluids  like  those  of  Hydrocele  and  Ascites,  or  of 
Ascites  and  Pleurisy,  neither  of  which  had,  separately,  any  tendency  1 
coagulate :  and  that  coagidation  was  equally  caused  by  putting  into  1 ' 
Serum  portions  of  blood,  clot,  or  of  fibrin,  either  fresh  or  powdered,  muBCH 
lar  fibre,  or  other  tissues.    To  the  same  effect  are  the  recent  observatio 
of  Schmidtjf  who  attempts  to  explain  the  phenomena  in  question 
attributing  them  to  the  iiction  of  cells,  as  of  the  Red  or  White  Corpn 
of  the  Blood,  or  of  the  connective- tissue  Corj>usc!es,  upon  the  fluid : 
Gombination  taking  place  between  the  albuminous  material  within 
cells  (flhrmo-plastic  substance),  and  tlie  albuminous  comjjound  contained 
in  the  fluid  {Jihrino-ffetions  substance),  botli  of  which  he  belieres  he  has     , 
beep  able  to  obtain  in  a  separate  state.  The  influence  of  Blood  Corpuscles     , 
in  accelerating  the  congidiition  of  Chyle  and  of  Blood  is  undoubted.     Their 
influence  on  Blood  was  long  since  shown  by  Gulliver. J     Schmidt  found 
that  specimens  of  Chyle  which^  under  ordinary  circumstances,  coagulated 
in  from  25  to  90  minutes,  on  the  addition  of  a  little  blood,  coagulated  in 
from  2  to  3  minutes.     He  found  also  tliat  lisematoglobidin  Crystals  po^H 
seaaed  the  same  powers  as  blood  itself*    On  the  other  hand,  Mr.  Gullivei^lH 
'    whilst  fully  admitting  and  proving  experimentally  the  predisposing  agency    ' 
of  cells,  insiiits  that  they  cannot  be  the  efficient  caitse  of  the  coagulation 
of  Fibrin,  not  only  because  the  mere  admixture  of  two  ierous  flujiis  in 
which  no  cells  are  contained  will  cause  the  formation  of  a  coagidiun,  but 
because  certain  vegetable  juices  will  coagulate  independently  of  the  agency 
of  &nj  oeUa  whatever,  and  the  clot  thus  obtained  will  be  a  kind  c  ' 

•  "Pr^weediiigaof  OlMgow  Phil  Socie^,"  1845, 
t  **Mtlller*Ji  Archiv,"  1862,  p.  543* 
t  Nqte  itr*  to  "  HeiFSim'a  Workfl." 

§  Note  Xi^iii,  to  "HewsoD^fl  Works  f  Goliegc  Lectmoa  ia  '*Med.  T.  aad  Qma.»*'  1 
14,  2S,  aod  Oct.  17  ;  and  Hniit^rku  Omtioo,  1303. 
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brdtiouH  sac  ynth  mtemal  laeunre,  and  witli  ita  intimate  structure  composed 
of  fibrils.  Browr»-S<kiUErd*  hiia  made  the  curious  observation,  thitt  on 
injecdag  defibrinuted  blood  iiito  the  separated  hm.bs  of  auirnalB,  fibrin  was 
formed,  eapecially  if  the  muscles  were  tetanized  ;  and  similar  results  have 
been  obtained  by  Bernard,  f  It  is  remarkable  that  Splenic  Venous 
Blood,  when  defibrinatcd,  will,  on  ex]xisure  to  the  air,  form  a  aecond  coa- 
guluM.  The  Blood  returning  from  the  Kidneys  and  Liver  baa  little  or 
no  tendency  to  coJigulate ;  hence,  Brown- S6quard  haa  ajrgtied  that  fibrin 
19  destroyed  in  these  organs,  and,  from  a  calculation  based  on  the  quantity 
of  blood  transmitted  through  the  renal  arteries^  estimates  the  total  quan- 
tity of  Fibrin  decomposed  by  the  Kidneys  alone  at  from  8  to  10  lbs-  per 
diem. 

195,  Of  the  particular  purpoaea  which  are  served  by  the  Fibrin  of  the 
blood  in  the  vital  economy  of  the  system  at  large,  it  must  be  confessed 
that  we  have  but  little  positive  knowledge.  For  putting  aside  its  pre- 
sumed importance  in  maintaining  tliat  physical  condition  of  the  blood 
which  is  most  iavourable  to  ita  free  movement  througb  the  vessels,  and  to 
ita  dtie  retention  within  their  walls  (JlWS),  wefind  that  ife  ia  entirdy  on 
the  coagulating  powers  of  the  blood  tliat  the  cessation  of  hfemorrhage 
from  even  the  most  trifling  injuries  in  dependent ;  that  tJie  limitation  of 
purulent  effusions  by  the  consolidation  of  the  surroundings  tissue,  and  the 
sale  separation  of  gangrenous  parts,  can  only  take  place  in  virtue  of  the 
same  property ;  and  that  tlie  adhesion  of  incised  wounds,  still  more  the 
filling-up  of  breaches  of  substance,  require  as  their  first  condition^  that 
either  the  blood,  or  matter  exuded  from  it,  should  be  able  to  assmne  the 
state  of  fibrons  tissue*  On  the  other  hand^  we  see  the  consequences  of 
excm  of  the  proportion  of  fibrin,  and  of  that  increased  plasticity  (or  ten- 
dency to  fibriDato)  which  usually  accompanies  its  augmentation,  in  the 
tendency  to  form  tJiosc  plastic  efiusions  which  are  characteristic  of  the 
Inflammatory  state,  and  which,  if  poured-ont  upon  serous  or  mucous  sur- 
fiwes,  constitute  *  ^lae  membranes^  and  *  adbesiona/  or^  if  infiltrated  into 
the  substance  of  living  t3asue%  occasion  their  consolidation.  This 
increased  plasticity  of  the  blood,  however,  may  frequently  be  regarded  in 
the  light  of  an  '  effort  of  Nature*  to  antagonize  the  evil  consequences  of 
that  depression  or  positive  destruction  of  the  vitabty  of  the  solid  tissues, 
which  seems  to  form  an  essential  part  of  the  inflammatory  condition ;  and 
thus  it  is,  that  whilst  the  central  part  of  a  mass  of  tissue,  in  which  the 
infiammation  has  been  most  intense,  suffers  complete  death,  and  is  carried 
away  in  the  suppurative  process,  the  peripheral  part,  in  which  the  violence 
of  the  infiammation  baa  been  less,  becomes  infiltrated  with  plastic  matter 
poured- out  from  the  bloody  and  forms  the  sohd  and  impermeable  wall  of 
the  abscess.     (See  chap.  vrii.  Sect  3*) 

196.  Turaing  now  to  the  Corpuscles  of  the  Blood,  we  have  to  inquire 
into  their  special  functions,  and  into  the  nature  of  their  participation  in 
the  vital  operations  of  the  system  at  large »  Here,  also,  we  are  obliged  to 
rely  upon  evidence  of  a  tar  leas  satisfactory  nature  than  could  be  desired; 
and  at  whatever  conclusions  we  may  arrive,  we  must  hold  them  as 


*  *"  Journal  d©  la  Plijdul.,*'  torn.  L  p.  29fi,  ISfiSt 
t  "L^oDfl,"  lS5y,  vol.  i.  1).  460- 
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pfTolmble  only,  and  as  Luible  to  be  modified  by  further  iiiqiiiry. — In 
first  place,  upon  looking  to  the  chemical  constitution  of  the  lied  corpuflda 
we  find  tbat  it  pcaaeaaes  a  remarkable  correepQudence  with  that  of  Musi ' 
in  the  proportion  of  pota^-salta  which  they  botli  contain  (in  this  re 
diff^^ing  in  a  very  marked  manner  firom  tlie  liquor  aanguinis) ;  wh 
their  globulin  is  more  nearly  rekted  to  mnscle'SubBlance,  than  ii  the  fibnir* 
of  the  blood  with  which  tiie  latter  has  been  usually  identified.  So,  again, 
it  exhibits  a  like  correspondence  with  that  of  the  Nerve-subatance,  in  the 
qnimtity  of  phosphorizcd  tat  which  both  include  (§  14 D),  Hence  we  may 
look  u|K)n  theni  as  g];>ecial]y  mibsersdent  to  the  vital  activity  of  the 
Nervo- Muscular  apparatus  ■  since  it  is  one  of  the  most  iinj^ortant  condi- 
tions of  that  activity,  that  these  tissues  stiall  l>e  supplied  with  duly -oxy- 
genated blood,  and  that  the  carbonic  acid  which  ia  one  oi*  the  products  of 
their  disintegration,  shall  be  convey ed-a way*  And  tins  view  is  in  com- 
plete harmony  with  the  fact,  that  the  proportion  of  Red  corpuscles  in  the 
blood  bears  a  close  relation  to  the  amount  of  Respiratory  power  (as  shown 
in  the  quantity  of  carboaic  acid  set-firee^  and  in  tlie  amount  of  heat  gene 
Kited)  in  different  classes  of  Vertebrata ;  both  being  greatest  in  BL 
nearly  as  great  in  Mammals,  very  low  in  most  Keptiiea,  and  var}*ing  con 
siderably  among  F idles,*  Again,  we  observe  Uaat  among  Camivoro 
MammiiJia,  the  proportion  of  red  corpufKsles  is  considerably  greater  tlia 
it  is  among  the  Herbivorous  tribes,  whose  nervo*muscular  energy  is  ( u|K)a 
the  whole)  so  greatly  inferior ;  and  it  is  in  thq  condition  of  greatest  animi|ta 
vigour,  in  the  Human  system,  that  we  find  their  amount  the  gn^te^^ 
whikt  the  reduction  of  that  vigour  by  chronic  disease  of  any  description, 
iseems  invariably  attended  w*ith  a  more  marked  diminution  in  tliis  con- 
stituent of  the  blood  than  in  any  other.  And  in  those  Anaemic  states  of 
the  system,  in  which  the  proportion  of  red  corpuscles  is  reduced  to  an 
extremely  low  point  (§  179),  we  invariably  find  that  the  animal  powers 
are  correspondingly  depressed ;  die  cajmcity  for  sustatned  exertion,  eitlier 
of  the  mental  facidtiea,  or  of  the  motor  ap]:>aratusj  being  ahnost  destroyed, 
although  both  the  nervous  and  muscular  ey steins  aro  y^ry  easily  excited 
to  leebie  action. 

197.  The  difBculty  of  precisely  determining  the  fiinctions  of  the  Red 
corpuscleSj  is  oven  surpassed  by  that  of  assigning  the  prot>able  duty  of  the 
Colourless.  The  considerations  akeady  adduced  appear  to  show,  tljat  the 
Colourless  corpuscles  are  to  be  considered  as  cells  of  a  lower  grade  tlmn 
tlie  Red ;  since  they  represent  them  among  Invertebrated  animals,  and 
also  in  the  incipient  blood  of  Vertebrata ,  and  also,  because  cells  resem^ 
bling  the  former  (if  not  the  very  same)  pass-on  to  develope  themselves 
into  tlie  latter*  Still  we  find  that  this  final  change  does  not  occur 
among  the  Invertebrata ;  and  it  ia  obvious,  therefore,  that  even  in  their 

•  Among  Inv^rtobratftd  aDLmale,  bb  a  general  rule,  the  degree  of  nerro-muiicrjlar  energj 
tliai  can  be  put- forth,  the  quantity  of  carbonic  add  protluced  in  respiratiou,  And  Ibe 
auiuunt  of  beat  goQen^t^d  in  tbe  bodj,  atb  Alike  At  a  hvt  aUiadard  ;  and  tbu  fluid  coniiiL- 
lye^tt)  of  the  biuod,  with  tbe  ^'uburJeiia  odrpUBeies  tbftt  fioat  in  it,  wonLd  aecm  tu  convej 
oxygt-n  to  ike  ttaaues,  and  cnxbunic  ACtd  to  tbe  respiratory  oigans^  with  suQicieiit  facility. 
In  loifQfiita,  bowerer,.  tbe  CAAe  ia  difTer^nt  <  tbeir  iiervf>' mujculu  activity ,  capacity  of 
r^tpiratioB^  and  heol-prodacing  power  being  all  extra<?rdiDarily  high*  Their  want  of 
red  oorp«a<;le»  would  here  ee^m  to  be  compenaated,  bo  fpr  as  the  reapimtory  proems  is 
eoooitmed,  by  the  introduction  oi  air,  through  ibe  tracheal  apparatusr  into  tJie  tlsanei 
tbetu«dfe»,     (See  ^^frino.  of  Camp.  Phya.,**  Chap*  vl  aeot.  3,  and  Quip,  x,  aect  3.) 
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eolourldia  state,  the  corpuscles  have  a  ftincdou  to  dlaohttrge  m  the  vital 
eoonoQij.  The  observationa  of  Mr.  Newjjoit  aeem  to  indicate,  that  the 
ODi^uaeles  of  the  blood  of  Insects  (some  of  them  in  the  condition  of 
*  grannlfl-cellfl^'  Dthers  in  that  of  *  nticleated  colourless  cells'),  play  an  im- 
portant part  in  the  ekboration  of  nutrient  naateriaL  For  he  found  that  tlie 
*os£^Bhaped'  corpuscles  (the  '  granule- cells^  of  Air.  Wharton  Jonea)  iu  the 
Iiorra,  me  mo«£  numerous  at  the  fjcriod  immediately  preceding  each  chaiigo 
of  skin  ;  at  which  time  the  blooil  is  extremely  coagiilable,  and  evidently 
pooBCimoa  the  greatest  formative  power :  whilst  the  smallest  number  are 
loet-with  soon  after  the  change  of  akin,  when  the  nutrient  matter  of  the 
bloD^l  has  been  esthausted  in  the  production  of  new  epidermic  tissue,* 

11*8*  That  condition  of  the  corpuscular  element  of  the  blood  which  ii 
normal  in  tlie  Insect,  must  be  considered  as  decidedly  abnormal  in  tlie 
Vertebrated  animal,  in  which  the  circulating  fluid  goes-on  to  a  higher 
phase  of  deyelopmeut;  and  the  excei^  of  Colourless  corpuscles  in  the 
btter  Be&xm  always  to  be  associated  (save  in  the  early  part  of  life)  with 
an  imperfect  performance  of  their  nutritiTe  operations.  Thus,  according 
to  the  observationa  of  Mr*  Paget,f  they  are  especially  abundant  in  the 
blood  of  frogs  that  are  young,  sickly,  or  ill-fed  ;  and  as  regards  the  human 
subject,  he  confirms  the  statement  of  Mr.  Wharton  Jones  and  Prof.  J,  IL 
Bennett^  ihat  the  increased  proportion  of  Colourless  corpuscles  in  inflamed 
blood  is  most  frequent  when  the  subjects  of  the  dis^ise  are  persona  in 
weak  health,  or  of  the  tuberculous  diathesis.  Mr.  Paget  has  also  fur- 
nished a  remarkable  confirmation  of  tliis  view,  in  the  observation,  that 
the  inflammatory  exudations  produced  in  different  indiyidual%  by  the 
application  of  the  same  stimulus  on  the  same  tissue  (e.g.  by  the  action  of 
a  blister  on  tFie  akin)  are  found  to  present  a  predominance  of  the  Jibrinoui 
or  of  ^e  corpuMtilar  element,  according  to  the  general  condition  of  the 
patient. — '^  The  highest  h^th  is  marked  by  an  exudation  containing  the 
most  perfect  and  tmndxed  fibrin;  the  lowest  by  the  formation  of  the  most 
abuntknt  corpuscles,  and  their  nearest  approach,  even  in  their  early  state, 
to  tlie  characters  of  pus- cells.'*  Prom  such  evidence  we  seem  forced  to  the 
conclusion,  that^  whether  or  not  the  Colourless  corpuscles  are  to  be 
regarded  in  any  other  light  than  as  blood-cells  not  yet  tully  developed, 
their  multiplication  is  tiM  the  source  of  increase  in  the  fibrinous  oonsti* 
tueut  of  the  liqiior  sanguinis. 

1^)9.  The  fitness  of  the  Blood  for  cLrculatioa  through  the  body  is 
mainuiined  parity  by  the  action  of  the  proper  excretory  apparatus,  and 
partly  by  the  power  which  every  tissue  poesesaes  of  withdrawing  irom 
the  circulating  fluid  some  particular  mater iid,  or  combination  of  ma- 
terials, which  constitutes  its  own  special  pabuhan ;  and  as  the  *  pabu- 
lum' of  each  tissue  is  different,  it  follows  that  the  normal  compoeitiou 
of  the  blood  can  only  be  preserved^  without  waste  of  Bubstance,  by 
the  existence  of  such  a  balance  between  the  appropriative  action  of  the 
■everal  parts,  as  shall  cause  a  certain  equivalent  of  blood  to  supply,  with* 
out  deficiency  or  surplus,  the  materials  which  they  collectively  require. 
Such  a  balance  is,  in  fact,  ordinarily  preserved ;  and  its  maintenance  is 
one  of  the  most  marvellous  of  those  exemplifications  of  Design,  wliich  tlie 
vital  economy  of  the  body  presents  in  no  less  a  degree  than  its  organized 


♦*PhUosoph,  Magfttine,"  May,  1845.      t  "Sargicd  ftitliaogr/*  vol-  i.  pp.  S13,  311. 
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Structure ;  an  exetiiplificiition,  however,  which  b<K:roraeB  yet  more  mufi 
vellouSj  when  it  is  shown  that  not  only  every  kind  of  tissue,  but  evtii 
spot  of  every  organ ^  hiia  ita  own  Bpecitil  *  pabulimi ;'  drawing  somelhin 
irotn  tho  blood,  which  is  different  from  that  appropriated  by  every  otUfl 
part  of  tlie  body,  save  the  corresponding  spot  on  the  opposite  side,  Tlj 
position  seenis  fiilly  established  by  the  researches  of  Dr,  W*  Budd  and  ( 
Mr*  Paget  on  ^  Symmetrical  Ditseases^*  the  pthenomena  of  wbicli  are  full 
of  interest^  as  illnstrating  the  ordinary  operations  of  Nutrition,  ExcJudijjg 
the  caaes  of  congenital  ^mimctrical  defects^  and  a  few  which  eeeiu  to 
depend  on  morbid  influence  of  the  nervous  systeni,  it  may  be  stated  3Ui| 
general  lact,  that  all  symmetrical  diseaaes  depend  on  tlie  presence  of  son 
morbid  material  iu  the  blooii,  whic])  usually  entera  into  combination  vni 
the  tissue  that  is  di leased,  or  with  the  organized  product  of  the  niorbij 
prooe^.  Such  a  sub^^tance  fasteus  upon  certain  spots  or  islandja  on  one 
side  of  the  body^  leaving  the  surrounding  porta  unE^fected ;  and  precise! j 
^milar  ajxTta  or  iaiandis  are  aHeoted  iu  like  manner  on  the  other  sid 
The  conclusion  seems  unavoidable,  that,  however  closely  one  portion 
akin  or  bone  may  geem  to  resemble  another,  the  only  parts  that  are  exactly 
alike  are  those  which  repeat  each  other  symmetrically  on  the  opposil( 
sides  of  the  body ;  ibr,  aJthougb  no  power  of  artificial  chemistry  may 
determine  the  difference,  the  chemistry  of  the  hving  body  nmkea  it  evident, 
the  morbid  material  testing -out  the  parte  for  which  it  has  the  greatest 
ttflinity,  uniting  with  these  alone,  and  piling -by  the  rest.  Thus  tlie 
syphilitic  poison  Laa  its  *  seats  of  election"  when  it  begins  to  attiick  tlie 
bones,  fixing  upon  certain  parts  of  tlie  tibite  and  of  the  skull  with  great 
uniformity ;  and  in  the  Hunterian  Museum  are  the  pelves  of  two  Bona, 
on  both  of  which  new  osseous  deposit  has  taken  place  (as  the  product  of 
Bome  disease  resembLLrig  rheumatism  in  man)  in  a  most  complex  and 
irregular  pattern,  this  being  so  similar  in  the  two,  that  uhnost  every  spot 
and  line  of  the  one  is  represertted  in  the  otheri  with  an  exactness  onlv 
inferior  to  the  synimetric/d  correspondence  between  the  two  sides 
eiich.f  It  has  been  furtther  pointed- out  by  Dr*  W.  Eudd,  as  indicated 
the  phenomena  of  these  diseases,  that  next  to  tlie  parts  which  are  symme- 
trically placed,  none  are  so  nearly  identical  in  coinjK>sition  as  those  which 
are  analogous,  such  as  die  corresponding  parts  of  the  superior  and  inferior 
extremities. — All  tliese  facts  tend  to  demonstrate  the  perfect  and  most 
minute  exactness  of  tlie  atlaptation  which  must  exist  in  the  sUite  of  health 
between  the  blood  and  all  die  tissues,  as  well  ns  the  almost  inconceivable 
minuteness  of  the  departure  from  this  adaptation  which  may  become  a 
source  of  disease  [  and  it  is  a  sure  indication  of  the  safety  witli  which  we 
may  found  such  inferences  ufjon  them,  that  tlie  phenomena  of  syinme* 
trical  disease  are  most  distincl^  when  the  disordered  action  is  most  con* 
formable,  as  to  its  character  and  ita  rate,  to  tl^e  normal  nutrition  of  the 
structure ;  it  lieing  in  diseases  whidi  (tliough  dependent  ujjon  a  poison 
in  the  blood  J  are  of  an  inflammatory  or  other  virulent  nature,  that 
the  ^rmmetry  of  the  morbid  change  ia  least  obvious*  And  hence, 
then,  we  are  led  to  the  conclusion,  tliat,  as  Treviranus  phrased  it, 
^*  each  single  part  of  the  body,  in  respect  of  its  nutrition,  stands  to 

*  3(?e  ihmr  origiti&l  Eiisiiys  oa  tftis  subject  m  thii  "Med.-€hir.  fmne,,^^  vuU  xxv. 
f  B«o  Mr.  Pjiget'H  ^Lettun^  on  NutHtioti,  &g.,'  in  tlic  ^^MedieuL  iiasette'^  for  1847, 
Loct.  t. ;  and  liiy  ^Vicctuf^a  on  Surgical  Palliol«syj"  vul.  i.  pi^.  l^-*2^,  ~ 
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the  whole  body  in  the  rebition  of  au  excreted  mabsUinc€;'*  or,  in  other 
wordfi,  each  part  of  the  body,  by  takiug  from  the  Blood  the  peculiar 
substances  which  it  needi  for  its  owii  uiitrition,  does  tliereby  act  as  an 
excretory  organ,  inaBoinch  as  it  renioves  iVoni  the  blood  tJmt  which ^  if 
retained  in  it,  would  be  injurious  to  the  nutrition  of  tlie  body  geueraUy. 
ThuB,  the  phosphates  wliich  are  dej>ositcd  in  our  bonea^  are  as  effect uiiliy 
excreted  from  the  blood,  and  35  completely  prevented  from  acting  inju- 
riously on  other  tissues,  as  are  those  wldch  are  discharged  witli  tfie  urine, 
— The  application  a  of  this  doctrine  have  been  greatly  e]ctended  by  Mr. 
Paget,*  who  has  giTen  die  following  among  other  examples  of  lU  bearing 
0pCiD  the  general  relattous  between  tiie  blood  and  the  tissues.  The  hairy 
covering  nmy  be  considered  to  serve,  over  and  alwve  its  locid  purposes, 
for  tho  removal  of  certain  components  of  the  blood,  wliich  M^ould  be 
injurious  to  its  constitution  if  they  remained  and  accumulated  Lu  it ;  and 
accordingly  we  do  not  find  that  its  development  is  delayed,  until  near 
llie  peri^  when  its  protection  will  be  required ;  for  a  cotuplete  coat  (the 
lann^o  of  the  human  fcetus)  is  formed  in  the  foetus  of  mammals  generally , 
whilst  tbey  are  still  within  the  uterus,  removed  from  all  those  conditions 
ogjiinst  which  hidr  is  a  defence ;  and  tlib  coat  is  shed  very  soon  after 
birth,  being  replaced  by  another  of  wholly  different  colour,  the  growth  of 
which  had  !w^m  within  the  uterua.  The  same  principle  leads  to  the 
apprehension  oi'  the  true  import  of  the  hair  which  exists  in  a  kind  of 
rudimentaJ  state  on  tlie  general  surface  of  our  bodiea ;  and  thence  to  Uie 
peal  meaning  of  the  existence  of  other  organs  wliich  permanently  remain 
in  a  rudiraental  state,  such  lis  the  mammary  glands  of  tlie  male.  For,  as 
Mr.  Paget  justly  remarks  (loc,  cit.)  ♦*  these  rudimental  orgims  certainly 
do  not  Berve^  in  a  lower  degree,  the  same  purposes  as  are  served  by  the 
homologous  parts  which  are  completely  developed  in  other  species,  or  in 
the  other  sex»  To  say  they  are  useless,  is  contrary  to  all  we  know  of  the 
absolute  perfection  and  all -pervading  piu-pose  of  creation;  to  say  they 
exist  merely  for  tiie  sake  of  conlbrmity  to  a  general  type  of  structure,  is 
mirely  unphilosophical,  for  the  hiw  of  unity  of  organic  tj^s  ia.  in  larger 
instances,  not  observed,  except  when  its  obaeTvance  contributes  m  tlie 
adviml^e  of  the  individual.  No  :  all  these  rudiment^d  organs  must,  as 
they  grow,  be  as  excretions  serving  a  detinite  purjxjse  in  the  economy, 
by  removing  their  appropriate  materials  from  the  blood,  thtis  leaving  it 
fitter  for  the  nutrition  of  other  parts,  or  adjusting  tlie  balance  which 
might  otherwise  be  disturbed  by  the  formation  of  some  other  i>art.  Thus 
they  minister  to  the  self-interest  of  the  individual ;  while,  as  if  for  the 
Bake  of  wonder,  beauty,  mid  perfect  order,  they  are  conformed  with  the 
great  law  of  unity  of  organic  types,  and  concur  with  the  universal  plan 
observed  in  the  construction  of  organic  beings,^' 

200*  But  further,  there  are  many  examples  in  which  the  presence  of 
a  certain  substance  in  the  Blood,  appears  to  determine  the  formation  of 
the  particular  tissue,  of  which  that  substmice  is  the  appropriate  pabu- 
lum. And  thus,  m  the  abstraction  of  the  material  requi^d  for  each 
part  leaves  die  blood  in  a  state  fitted  for  tha  nutrition  of  other  parts, 
it  seems  to  follow,  as  Mr.  Paget  has  further  remarkedf  that  such  a 
mutual  dependence  existti  amongst  the  several  parts  and  organs  of  the 

•  '*L«otiici»  oa  Siirgitsd  rtttbalogj/'  LecU  u.  +  Oj*.  cit,  p.  Z% 
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bod  J,  m  causes  the  evolution  of-  one  to  fiupply  the  cocditions  roqui^iie 
for  the  production  of  anatlier ;  and  lience^  that  the  order  in  which  the 
several  organs  of  the  body  appear  in  the  course  of  development,  while  il 
ifi  Gontbnnable  to  the  law  of  imitatioii  of  the  parent,  and  to  the  law  of 
progrea^ve  aacent  towarda  the  higher  grade  of  being,  ia  yet  the  imme- 
dinte  result  of  changes  effected  in  the  condition  of  the  blood  by  the  ante- 
cedent operations.  And  this  view  is  confirmed  by  many  circumstances, 
which  indioite  that  oertain  organe  really  do  stand  in  such  a  complemental 
relation  to  one  another  as  it  implies  ;  a  large  class  of  facts  of  tliis  order 
being  supplied  by  the  history  of  the  evolution  of  the  generative  appanitu£| 
and  by  liat  of  the  concurrent  changes  in  other  organs  (especi^y  tJie 
tegumentary)  which  are  found  to  be  dependent  upon  it,  altliough  ttera 
IB  no  direct  functional  relation  between  them.  Thus,  the  growth  of  the 
beard  in  luan  at  the  period  of  puberty,  is  but  a  type  of  a  much  mure 
imjx>rtant  cliaiige  which  takes  place  in  iimny  animals  with  every  recur- 
rence of  the  period  of  geuerative  activity.  It  is  a  matter  of  couunon 
observation  J  that  tlie  deficiency  of  hair  on  the  face  (where  tlui  m  not,  m 
among  the  Asiatics,  a  character  of  race)  its  usually  concurrent  with  a  luw 
amount  of  genenttive  power  in  the  male,  aud  may  be  considered  as  ind 
cative  of  it ;  whilst,  on  the  other  hand,  the  presence  of  hair  on  the  upp 
lip  and  chin  of  the  female  is  indicative  of  a  tendency  in  the  genen 
organization  and  mental  character  towards  the  attributes  of  the  mal^, 
and  of  a  deficiency  in  those  which  are  typical  of  the  female*  II',  more- 
over, tiie  development  of  the  male  organs  be  prevented,  die  evolution  of 
the  beard  does  net  take  pkice ;  whilst  the  cess^ition  or  the  absence  i 
activity  in  the  female  organs  is  often  attended  by  a  strong  growth  of  ha  _ 
on  the  iace,  sa  well  as  by  other  ehauges  that  may  be  attributed  to  the 
presence  of  some  special  niitritive  material  in  the  blood,  for  which  iJiere 
is  no  longer  any  other  demand.  This,  again,  shows  itself  yet  mors 
strongly  in  Birds;  among  which  (as  Umiter  long  since  pointed-out* J  it 
ifl  no  uncommon  occurrence  for  the  female,  after  ceasing  to  lay,  to  assume 
the  plumage  of  the  male,  and  even  to  acquire  other  characteristic  parts, 
as  tiie  spurs  in  the  fowl  tribe.  Moreover,  it  has  been  ascertained  by  the 
expcrimeDts  of  Sir  Philip  Egerton,  that  if  a  buck  be  castrated  while  his 
antlers  are  growing  and  are  still  covered  witli  the  *  velvet,^  their  growth 
is  checked,  they  remain  as  if  truncated,  and  irre^ilar  nodides  of  bone  pro- 
ject firom  tlieir  siulaces ;  whilst,  if  the  castration  be  performed  when  the 
antlers  are  iiiil-grown^  these  axe  shed  nearly  as  usual  at  the  end  of 
season,  but  in  the  next  season,  are  only  replaced  by  a  kind  of  low  coma  _ 
stumps.  That  these  and  similar  changes  in  tlie  development  of  organs  are 
immediately  determined  by  the  condition  of  the  circuIatLng  Jluid,  tlmt  is, 
by  the  presence  or  absence  of  the  appropriate  '  pabulum*  for  the  parts  in 
question,  would  ^ther  seem  likely  from  tlie  fact,  that  tliey  may  be  arti- 
ficially induced  by  circumstances  which  directly  a^ect  the  condition  of 
the  blood.  This  has  been  shown  by  Mr*  Yarrell,f  in  regard  to  the 
assumption  of  the  male  plumage  by  the  female  ;  and  a  still  more  remark- 
able and  satisfactory  proof  is  iurnished  by  the  conversion  of  the  *  worker* 
larva  of  the  Bee  into  a  perfect  *  queen/  solely  through  a  change  of  diet.  J 

•  'Account  of  an  Eictraoidinary  PLeosaDt,'  in  **Himtef »  Worlss,"  Pidmer'a  edit., 
ToU  iv.  p.  44. 
+  "PtiUisoijhicA]  TtidBiwjtioiie*^*  1S27,  t  •*Priao.  afComp.  Ph^B.,*'  g  119. 
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201,  Tbus^  then,  tiie  precise  condition- of  the  Blood  at  any  one  time,  is 
dependent  upon  a  vast  Turiety  of  antecedent  circmnsmncea,  wid  can 
acarcelj  be  the  same  at  any  two  periods  of  life.  Yet  we  find  that,  token 
as  a  whole,  it  exhibits  such  a  reniarkable  constancj  in  its  leading  leatures, 
that  we  can  scarcely  fail  to  recognise  in  it  some  such  capacity  for  ielf- 
development  aiid  maiutenancej  as  that  which  the  solid  tissues  are  admitted 
to  poaaesEk  And  diia  idea  may  be  thought  less  strange,  when  it  is  bom© 
in  mind  that  the  first  blood  is  formed  by  the  hquefewtion  of  the  primordial 
cella  of  the  embryo ;  and  that,  notwithstanding  the  continual  change  in 
ita  components,  it  still  retains  its  identity  through  life,  in  no  less  a  d^ree 
than  a  limb  or  an  eye,  the  material  changes  in  which,  though  less  rapid, 
are  not  less  complete.  Looking,  again,  to  the  undoubted  vitaUty  of  the 
Corpuscles^  we  cannot  but  perceive  tliat  the  Lile  of  tlie  Blood  is  as  legi- 
timate a  phrase,  and  ought  to  carry  aa  much  meaning  in  it,  as  the  Life  of 
a  Muscle.  And  aa  the  one  has  a  period  of  growth,  development,  and 
decEne^  so  must  the  other. — This  view  ia  borne-out,  not  merely  by  those 
palpable  dilfcrences  in  the  composition  of  the  blood  at  different  agea^ 
which  are  detectable  by  our  rude  methods  of  examinationj  but  also  by 
those  alterations  in  the  tendency  to  particular  constitutional  disease^ 
which  at  the  same  time  mark  the  advance  of  life,  and  indicate  minute  and 
otherwise  inappreciable  alterations  in  the  circulating  fluid.  For  it  Is 
obvioua  that  since  the  poison  of  small -pox,  for  exaniple,  less  readily  pro- 
duces its  characteristic  '  zymosis  ^  in  the  blood  of  the  adult  tJian  it  docs  in 
tliat  of  the  child,  the  latter  must  dlifer  irom  the  former,  either  in  compo- 
aitiou  or  in  vital  endowments ;  and  that  since  tlie  tendency  to  ^  fatty 
degeneration '  of  the  tiBsues  genoralJyy  abows  itself  in  a  far  stronger  degree 
in  tlie  aged  person  than  in  the  adult,  this  is  likely  to  be  in  part  owing  to 
^e  condition  of  tlie  blood,  in  which,  according  to  the  observations  of 
Becquerel  and  Rodier,  there  is  a  decided  and  progressive  increase  of  cho- 
leaterin  ailer  the  age  of  40  or  50  years, 

202,  Thus,  then,  we  seem  justified  in  the  belief  that  the  Blood,  like  the 
solid  tissue^  has  a  formative  power  of  its  own,  which  it  exerts  in  the 
appropriation  of  the  new  material  supplied  to  it  from  the  food ;  and  that^ 
like  all  the  other  ports  descended  ^oni  the  component  ceUs  of  the  germinal 
maaa,  it  goes  through  a  succe^bn  of  pliases,  which  are  partly  the  cause, 
and  partly  the  effect,  of  developmental  changes  in  the  organism  generally. 
The  self- maintaining  jKiwer  of  the  Blood  is  yet  more  shown  in  the  phe- 
nomena of  Disease ;  and  especially  in  its  spontaneous  recovery  of  its  nor- 
mal condition,  atler  the  most  serious  perversions ;  as  we  see  more 
particularly  in  febrile  diseases  of  definite  type  (such,  for  example,  as  the 
Exanthemata,  Typhoid,  Typhus,  &c.),  of  whose  origin  in  the  introduction 
of  specific  poisons  into  the  blood,  there  is  no  reasonable  groimd  for  doubt* 
In  studying  the  mode  in  which  these  and  other  *  morbid  poisooa^  act  upon 
the  blood,  and  thi'ongh  it  upon  the  system  at  large,  we  may  derire  im- 

it  assistance  from  a  previous  inquiry  into  the  history  of  the  action 
_^' those  poisonous  agents^  which,  from  their  being  more  readily  traceable 
t^  chemical  analysis,  can  bo  more  eatis&ctorily  made-out  Sucli  an 
inquiry  has  a  most  important  bearing,  also,  on  the  modua  operandi  of 
m^icines. — ^The  operation  of  medicinal  or  poisonous  aubstancea  for  the 
most  part  dei)end«  upon  the  power  which  t£ey  possess,  when  introduced 
into  the  current  of  the  circulation,  of  effecting  some  determinate  change 
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in  the  ehemkalj  and  thereby  in  the  vital  condition,*  either  of  the  coinj) 
nenta  of  the  lilood,  or  of  some  ono  or  more  of  the  tissiiea  which 
noiiriahea ;  and  their  determination  to  some  special  part  or  organ  nni5t 
be  tttti4buted  to  the  same  kincJ  of  elective  affinity,  as  tlmt  by  which 
normal  constituenta  of  the  blood  are  so  detemuue<i  (§  VJH).  Npw, 
nearly  all  these  substances  it  may  be  sjiid,  that  the  system,  li'  left  to  it 
tends  to  free  itself  from  thetn^  provided  time  be  allowed  for  it  to  do  i 
and  that,  wJien  death  results  from  their  introduction  into  it,  the  futi 
result  is  to  he  attributed  to  the  Ihct,  that  the  dlaorganization  of  stnictnrt 
and  disturtjance  of  fimction  are  too  rapid  and  violent  to  allow  the  elimi- 
nating proceasea  to  be  set  in  efficient  oj>eration»  When  smaller  doaes  are 
taken,  their  cUbcts  are  evanescent,  unleaa  the  abnormal  action  to  which 
they  may  have  given  rise  is  of  a  kind  to  peqietuate  itself;  f  and  their 
ceBsation  is  obvionaly  attributable  to  the  removal  of  the  agent  from  tlie 
system,  whereby  tlie  continuance  of  its  deleterious  agency  is  prevented. 
Of  thia  removal,  we  have  of  course  the  most  satisfactory  evidence  in  the 
case  of  those  substances  which  can  l>e  detected  by  ordinary  cbemieal  testa 
in  the  excretions,  such  as  the  alkaline  and  earthy  salts,  arsenic,  tartarized 
antimony,  and  a  variety  of  other  metalbc  comjwunds,  which  may  readily 
be  detected  in  tlie  urine  for  some  days  ailer  they  have  been  ingested ; 
clearly  showing  that  their  elimination  ia  a  work  of  time.  On  the  other 
hand*  the  siilt^  of  copper  appear  rather  to  l>e  removed  from  the  blood  by 
the  liver,  and  also  by  the  bronchial  secretion.  And  lead,  which  passea-off 
but  little  by  the  ordinary  excretions,  is  withdrawn  from  the  circulation  by 
varioua  tisanes  and  organs,  but  particularly  by  certain  parts  of  the  mus- 
cular apparatus,  with  the  iubatance  of  which  it  becomes  incorporated,  pro- 
diiciiig  a  moat  injurioua  influence  upon  its  vital  endowments.J^The  only 
exception  to  the  general  rule  above  stated,  seems  to  be  in  the  case  of 
those  medicines  which  have  what  is  calleil  a  *  cumulative*  teodeocy ;  tliis 
tendency  being,  ia  fact,  simply  tlie  result  of  their  wunt  of  stlmalating 
in^uenoe  upon  the  excretory  organs,  whose  functional  acti%uty  ia  rattier 
impeded  than  promoted  by  them.  This  is  pre-eminently  the  case  ia 
regard  to  lead,  which  is  probably  the  most  cumuliitivo  poLson  witli  which 
we  are  acquainted  ;  its  continual  introduction  in  doses  of  even  extreme 
minuteness,  being  capable,  if  sufficiently  prolonged,  of  ciiusing  the  most 
fierioUH  disturbance  in  almost  every  function  in  the  economy.  Even  here, 
it  is  rather  in  the  tissues,  than  in  the  blood,  that  it  accumulates,^ — as  is 
indicated  by  a  variety  of  facta,  but  more  eej)ecially  by  the  difficulty  with 
which  it  is  eliminated  from  the  system  by  means  that  would  be  probably 


*  Is  some  ixtst&ace'i  It  baa  b^n  Bhown  that  tli6  action  of  certalq  poliaaB,  aa  Arit* 
laurctti'd  KjdrugflD  (Gosebrucfa^  Henleaiid  Meissner'B  "Berichi,'*  1858,  p,  Sl49)j^  @£fe<stfl 
tk  phyaicii]  acid  perc^iptible  change  tu  the  blocxj,  altering  tbe  furm  mid  colour  of  ita  eor^ 
puscleH,  and  rendmuK  it  UD^t  for  the  uatritioa  of  the  tissues.  Again,  Dr.  tiarlej  hm 
fibown  tb[it  ibti  addition  of  itrjohma  to  the  blood  produces  a  dujalnution  lu  the  quiuitit; 
of  oxygfin  which  it  is  capable  of  absorbing. 

f  Such  a  pGrpviuiitiori  iaaeen  In  the  chroiiic  iiidamtnatioa,  thickening,  and  coatraetiOiiy 
of  tht  <oBopbageal  wallsj  GeitiBeqaaat  upou  the  deglutition  of  strong  acida  aad  oaavfle 
ftlkftliea, 

t  fhia  bnA  boen  abovii  hj  the  analyses  of  M.  Dei^rgie  (lee  the  '*Tmil4  doa  MnlaiM^a 
de  Fioinb**  of  M,  TAnqtiereli  tojo.  n.  pp,  4(11-6),  and  of  Prof  MiHer  (see  Dt*  W. 
liudd'a  e^taaj  od  *Tho  S/tuiaviry  of  Dj^fca^/  iu  tha  ^'Med.'Cbir.  Tnkhs./*  vut  juv,)« 
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eflbct^al  in  removing  it  froin  the  circulating  current ;— and  thus  we  see 
that,  in  default  of  other  provision  for  maintaining  the  piirity  of  t>ie  blood, 
^e  -whole  bcMiy  (so  to  speak)  acts  aa  an  excrctorj  apiiaratus,  and  drawa 
into  itself  the  noxious  substance, 

203.  There  are  numerous  cases,  moreover,  in  which  poison oim  or 
medicinal  stibstances  can  be  traced  in  the  excretions  bj  chemical  teats  ■ 
their  effects,  when  moderate  doses  have  been  taken,  pasaing  off'  so  com- 
pletely^ tliut  there  can  be  no  doubt  of  their  not  being  any  longer 
present,  as  such^  in  the  system.  The  substances  of  this  class  are  never- 
thelessj  in  many  instances,  of  a  nature  and  composition  ivhich  render  them 
peculiarly  susceptible  of  change^  when  subjected  to  the  influences  which 
they  must  encounter  in  the  living  body,  and  more  especially  when  ex- 
posed in  a  state  of  very  hue  division  to  tlie  agency  of  oxygen.  We  see 
exemplifications  of  this  mode  of  elimination  of  poisons  in  the  transient 
operation  of  moderate  doses  of  Alcohol,  Ether,  Chloroform,  Opium, 
Strychnia,  Ftnssic  Acid,  &c.,  in  all  of  which  the  question  of  life  or 
deatli  is  one  of  time ;  for  if  the  futaJ  result  do  not  speetllly  follow  the 
absorjitiofi  of  the  poison  into  the  blood,  the  patient  gradually  recovers 
from  its  eflects ;  aiid  the  most  effectual  treatment  consists  in  the  arti- 
ficial maintenance  of  tite  respiratory  movements,  which  the  influence  of 
these  poisons  upon  the  nervous  centres  might  otherwise  suspend.  These 
poisons  can  frequently,  tliough  not  always,  be  delected  in  the  circulating 
fluid  by  their  sensible  or  chetnieid  characters,  especially  if  only  a  short  in* 
terval  has  elapsed  suhsef|uently  to  their  absorption ;  thus  it  has  been  found 
hy  Dr,  Lonsdale  that  the  odour  of  prusalc  acid  cannot  be  perceived  in  the 
blood  or  in  the  cavities,  when  life  had  been  prolonged  beyond  15  minutes, 
although,  when  death  took  place  within  a  shorter  time,  the  poison  might 
be  detected  in  the  body  by  its  odour  alone  for  eight  or  nine  days  afler- 
wards;  and  the  presence  of  morphia  ceases  to  \ye  recognisable  by  the 
ordinary  chemical  t^sts,  within  a  short  time  after  it  has  been  taken  into 
the  circulating  current.  —  With  regard  to  certain  poisons  of  this 
unstable  class,  there  is  strong  evidence  that  they  pass  into  the  urine 
and  are  thus  eliminated,  without  imdergoing  any  change  that  impairs 
phymological  action ;  this  evidence  being  afforded  in  the  effects  of 
re-ingestion  of  the  urine,  either  by  the  individuals  themselves,  or  by 
others.  A  very  curious  example  of  this  kind  is  afforded  by  the  intoxi- 
cating fiingns,  Amufiita  mitJicartfij  which  is  used  by  some  of  the  inliabi- 
tants  of  the  north-eastern  parta  of  Asia,  in  tlie  same  manner  as  alcoholic 
liquors  by  other  nations.  Its  effects,  like  tliose  of  other  excitants,  have 
a  limited  duration  ;  for  a  man  who  is  intoxicated  by  it  one  day,  ^  sleeps 
himself  sober'  by  the  next.  His  restoration  is  due,  however,  not  to  his 
Tepose,  but  to  the  elimination  of  the  poison  which  taJvcs  place  during  the 
interval ;  for  if  he  drink  u  cup  of  his  urine  the  next  morning,  he  is  yet 
more  powerfiilly  intoxicated  than  he  was  the  preceding  day ;  and  tliia 
fluid  hiis  the  same  effect  upon  any  other  individual  into  whose  urine  the 
active  principle  then  passes;  so  that,  according  to  the  testimony  of 
travellers,  the  intoxicatiiig  agent  may  be  transmitted  in  this  manner 
through  five  or  six  persons,  a  small  stock  at  the  commencement  thus 
serving  to  maintain  a  week*s  debauch^  Results  of  the  same  order  have 
been  obtained  by  Dr.  Letheby,  in  regard  to  opium,  belladonna^  hemlock, 
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AconitCf  &c. ;  the  passage  of  these  substances  Into  the  urine  being  proved 
bj  the  induction  of  their  characteristic  effects,  whea  that  fluid  was  adrai* 
nistered  to  other  animals. 

204.  Between  tbe  substances  which  a<lniJtt©dlj  rank  as  poison»^  i 
those  which  are  reckoned  aa  vmtcrie.3  morhorum^  no  definite  line  of  den 
cation  can  b^  drawn  ;  and  the  train  of  sytuptoma  produced  by  the  op 
tion  of  tlie  former,  m  really  as  much  a  diseme  as  tba.t  which  results  Irdi 
the  presence  of  die  hitter*  The  connection  is,  in  fact,  establisheti,  1 
those  '  animal  poisons*  which  are  the  resnit  of  decom position  either  witl 
or  without  the  body ;  such  as  that  of  the  ^  pustule  maligne,'  or  of  tbt 
flesh  of  animals  suffering  imder  diseaise,  on  tlie  one  hand,  or  the  ^  cheese- 
poiBOti/  ^  sausage  poison,*  &c.  on  the  other. — It  may  be  admitted  Uiat  onr 
belief  in  a  specific  material  cause  for  a  great  part  of  the  ©ifecti  set-down 
to  the  action  of  *  morbid  poisons^'  ia  merely  inferential ;  and  there  are 
many  persons  to  whom  their  exhibition  in  a  tangible  Ibrm  seems  to  affo] 
the  only  convincing  evidence  of  their  existence.  Bnt  it  must  bo  reme 
bered  that  the  germs  of  other  ferments  constantly  e:siBt  in  the  state  -i 
auapension  in  the  atmosphere,  as  is  well  shown  by  the  experimenta  of 
Schroder,*  who  found  that  by  the  mere  filtration  of  air  tbroiigh  so  coazae 
a  medium  as  a  plug  of  cotton -wool  placed  in  the  mouth  of  the  veasel^  waa 
anfficient  to  prevent  tlie  fermentation  or  pntreiactioii  of  abnoat  any  \ 
ganic  substance  which  had  been  heated  to  boiling;  and  it  ia  m^y  i 
conceiTe  dsat  pus- cells,  or  the  minute  portions  of  the  plasma  of  variotin^ 
diseaaeSf  may  be  taken  up  during  evaporation  and  remain  loog  floating  m 
tbe  atmosphere.  In  the  case  of  those  poisotis  which  are  capablo  of 
being  introduced  by  inoculationi  we  have,  indeed,  the  reqitired  proof  of 
their  material  existence ;  and  this  proof  ia  capable  of  being  extended  by 
a  sale  analogy  to  infectious  diseases  generally.  For,  if  small-pox  can  be 
eommunicatm  by  the  inhalation  of  an  atmosphere  tainted  with  the 
exhalations  of  a  person  already  affected  with  it,  as  well  as  by  tlie  intro- 
du<:tion  of  the  fluid  of  the  cutaneous  pustule  into  the  blood  of  another,  it 
can  scarcely  admit  of  a  question,  that  the  same  poisonous  agent  is  trans- 
mitted in  both  cases,  although  through  diflrerent  media^  and  tliat  it  haa  as 
real  an  existence  in  the  transferred  air,  as  in  the  transferred  pus.  Dis$aae% 
then,  which  are  capable  of  being  transmitted  in  both  these  methods,  Ibrm 
^e  connecting  link  between  those  resuJting  from  ordinary  toxic  agents, 
and  those  wliich  must  be  assumed  to  dep^end  upon  a  subtle  poison,  of 
which  the  air  alone  is  the  vehicle, — such,  for  example,  as  maiarious 
fevers;  this  assumption  being  required  by  all  the  rules  of  logic^  as  the  only 
one  which  will  account  for  the  phenomena  to  be  explained,  and  tlieretbre 
posseaalng  a  claim  to  be  accepted  as  an  almost  certain  truth*  There  is  a 
strongly -marked  difference,  however,  between  the  modus  operandi  of  the 
toxic  agents  whose  action  has  been  previously  examined,  and  that  of  the 
mordid  poisons  we  are  now  considering  \  for  whilst  the  former  posseas  a 
certain  definite  action,  tiie  intensity  of  which  {cmUn's  paHbvs)  is  propor- 
tionate to  the  quantity  that  is  in  operation,  and  which  is  usually  deter- 
mined, in  virtue  of  the  'elective  affinity*  already  spoken -of,  to  some 
particular  organ  or  tissue, — the  latter  act  primarily  upon  the  blood p 
influencing  the  system  at  large  through  the  changes  whicli  they  produce 

*  Liebig,  *'Aim*latt,**  dx.  heft  i. 
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la  its  ccmstitution ;  and  their  potency  depends  rather  upon  the  susceptibility 
of  the  blood  to  their  peculiar  influence,  than  upon  the  quantity  of  the 
poison  til  at  may  be  intniKluced  into  iL 

205.  Of  the  existence  of  such  susceptibility,  as  a  *  pr^iaxjosing  cause' 
of  ^f/fttoiic^  diseasei  there  cannot  be  tlie  ahghtest  donbt.  In  tlie  case  of 
the  Exanthemata  and  Hooping-cough,  we  s<ee  that  it  ia  C0Dgenit4il,  and  ia 
UitiaUy  removed  by  the  occurrence  of  one  attack  of  the  diseaee  (although 
this  is  not  a  uniform  protection) ;  but  the  liability  even  to  these  varies 
greatly  in  different  individuals^  and  at  different  times  in  the  same  indiri- 
dnal.  And  with  regard  to  other  zymotic  diseases,  the  liability  to  which 
IB  not  thus  limited^  all  extended  observation  concurs  in  showing  that  it 
is  augmented  by  anything  which  teads  to  depress  the  vital  powers  of  the 
sy^em^  and  more  particularly  by  any  cause  which  obstructs  the  due 
purification  of  the  blood,  by  the  elimination  of  the  products  of  decom- 
pogition*  Thus,  it  will  be  shown  hereafter  (chap,  vh..  Sect.  3),  that  no 
antecedent  condition  Ima  been  £>und  more  elicacious  in  augmenting  the 
fatality  of  Cholera,  than  overcroicding ;  which  compels  those  who  are 
subjected  to  it^  to  be  constantly  breathing  an  atmosphere  not  only 
charged  witli  carbonic  acid,  but  laden  with  putrescent  emanations ;  and 
wliich  thus  fiivoiirs  the  accumidation  of  decomposing  matter  in  the  blood, 
which  serves  as  the  moat  appropriate  soil  for  tlic  seeds  of  the  disease. 
And  what  ia  true  of  Cholera  has  l>ecn  ibmid  to  be  true  of  Zymotie 
diseases  in  general;  the  very  same  fermentible  matter  in  the  blood 
serving  for  the  development  of  almost  any  kind  of  zymotic  poison  that 
may  be  received  into  the  f^^atera,  whether  from  the  atmoffphere^  or  from 
tlie  bodies  of  those  who  have  already  been  Bubjecta  of  the  disease*  That 
such  conditions  are  constantly  present  in  all  large  towns  is  shown  in  the 
most  satisfactory  manner  by  the  observations  of  Dr,  Angus  Smith ^f  who 
fbund  that  whilst  on  the  hills  above  Manchester  the  profjortion  of  organic 
matter  was  one  grain  in  200,000  c,  i,  of  air^  in  tlie  crowded  courts  of 
ih&  town  there  was  one  grain  in  every  8000  c.  i*,  indicating  but  too 
Burely  the  source  of  the  yarious  diseasea  of  the  lungs,  brain,  and  alimeii* 
lary  canal,  which  the  observations  of  Dr,  Greenhow  have  shown  to  occur 
in  such  excess  in  town  di8tricts4  ^^^  which  probably  act«§  by  de* 
pressing  or  impairing  the  fimctions  of  the  whole  body,  and  particularly 
of  thofte  organs  with  which  it  is  broxight  into  contact  It  ii  worthy 
of  femark,  however,  that  the  effects  of  the  protnicted  action  of  this 
imptire  air  are  seen,  not  so  much  by  any  remarkable  inc refuse  in  the 
relative  mortality  of  the  exanthemata  in  town  as  compared  wnth 
countiy  districts,  but  in  tlie  fatal  issue  which  residt^  in  the  various 
c^ses  of  nervous  thseases ;  the  projiortion  of  deaths  from  these  being 
25*8  in  rural,  and  S&^B  per  1000  in  to'WTi  districts.  Hence  whiit 
has  been  here  spoken  of  as  '  fermentiblo  matter,^  is  not  a  mere  hypothe* 
tical  entity T  but  baa  a  real  material  existence ;  ^r  in  all  those  conditiona 

♦  Tbe  Urra  t^fmoiic  in  a  tctj  couTenient  design  atioa^  irlaieh,  odghiallj  niggeited  by 
Dr.  W,  Farr^  han  of  laid  gained  geneniil  cur  rent;  j,  fur  tLat  class  of  diBettea  wboae  pheno- 
IDCDA  miij  \m  Attributed  to  the  c^peratioD  of  a  morbid  pa i Aon  of  the  Uatora  deacribcd 
Ahove  ;  tliiH  operation  tvcadng  a  ilroiig  analog?  to  ibjit  of  ^  ferments*' 

+  ''OntheAirof  Towna.^* 

t  *^  Papers  oa  the  Sanitniy  State  of  the  People  of  Englaad/"  bj  (}.  H.  Qracahowi 
ILD.,  ISfiB. 
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of  ll\e  ^stem  in  which  wc  know  that  decomposition  is  goiug-on  to 
unusual  extent^  and  in  which  there  is  a,  iitnrked  tendency  to  fjutresoeii 
in  the  ejtcreted  matters,  we  witness  smch  a  peculiar  liahility  to  irmotl 
diseases,  as  clearly  indicates  that  the  state  of  tlie  blood  is  pecuL' 
favourable  to  the  action  of  the  zymotic  poison,  Thi5  is  pre-eminen 
the  ciiSQ  in  the  puerperal  state,  in  which  die  tisstie  of  the  uterus 
undergoing  rapid  disintegration,  its  vital  force  having  !>een  exj>ended ; 
for  tJiere  is  now  abundant  evidence  that  the  contact  of  decomposing 
matters  which  would  be  innocuous  at  other  tinier,  is  capable  oi'  so  acting 
upon  the  blood  of  the  parturient  female,  as  to  induce  that  most,  intid 
itpnosts  which  is  kno^vn  as  *  puerperal  fever/*  And  her  peculiar  liability 
is  in  no  reipect  more  manifest  than  in  this ;  that  the  poison  by  which 
she  is  affected  may  have  kin  dormant  for  weeks  or  months,  for  want  of 
an  appropriate  nidus^  and  will  yet  exliiliit  its  full  potency  on  tJie  very 
first  case  in  which  oj>portunity  may  be  given  lor  its  introduction  into  the 
system  of  a  pueq>eral  patient^f  The  same  kind  of  liability  m  displayed 
in  the  subjects  of  severe  injuriea^  and  in  those  exhausted  by  long-coa- 
tinued  muscular  exertion^  among  whom,  also,  there  is  not  only  a  state 
of  general  depression  of  the  vital  powers,  but  also  a  special  BOiirce  of 
decomposing  matter  in  the  system ;  for  there  is  evidence  that  *  surgical 
fever*  may  be  induced  in  them,  by  tFie  introduction  of  a  zymotic  poison 
derived  from  a  variety  of  external  sources  (amongst  others,  from  patie^ita 
affected  with  puerperal  fever),  such  as  would  have  no  effect  upcm  a 
healthy  subject  \  and,  moreover,  that  orercrowding  in  hospitals  has  a 
si^ecial  tendency  to  increase  this  b' ability,  J  Thus,  tlien,  we  may  oHirni 
with  strong  contidence,  that  the  special  Habilily  to  Zymotic  diseases,  which 
determines  iheir  sdectwn  of  individuals  when  epidemically  prevalent^ 
depends  upon  the  previous  cottditioii  of  the  blood  of  the  subjects  who  are 
thus  *  predisposed'  to  iJieir  invasion ;  and  more  especially  on  the  presence 
of  fennentible  matters,  resulting  from  the  ordinary  processes  of  disinte- 
gration, which,  in  fche  stsite  of  perfect  health,  are  eliminated  as  fast  as  they 
are  formed,  but  of  which  an  accumulation  is  prone  to  take  place,  either 
when  there  are  special  sources  of  an  augmented  production,  or  when  the 
excretory  operations  are  imperfectly  performed.  §  And  it  would  further 
appear,  that  the  continued  accumulation  of  such  matters  may  itself 
become  a  source  of  certain  forma  of  Zymotic  disease,  which  may  thus 
originate   de   nifvo  m  the  system,   and  which   may   tlience   be  projsa- 


*  For  A  most  marked  aiid  conviDcing  exatiiple  af  this  kind,  b««  Br.  Ryoutb^fi  pftper  nn 
"Tbe  CaUEt&s  of  the  EDdcmic  Puerpeml  Fev^r  of  Viernia/  Id  th^  "  MediM-ChirnrgioiI 
TraiiBiictioDfi,*'  toI,  xxxri.  ji,  27.-^ That  the  poison  which  de?elopeH  puerperal  fevvf  ixmj 
lie  coriTeycd  from  pnticDts  Inbotn  ing  under  tilniofit  any  oilier  form  of  Zymotle  di^ns^ 
tending  ti>  putrescene«»  that  is  projmgftble  hy  cr^ntact> — inch  m  fcmrlatina,  BmaJl-pox, 
or  erjinpeks,— 11  now  tbe  general  opinion  of  most  pathologists  who  hare  paid  epeci&l 
atteotioD  to  the  lahjeet. 

t  This  ifl  thowu  bj  the  tnstiinccii,  urt  happily  of  oo  anfreqnent  occurreace,  in  whs  eh 
praetitiuners  who  htiv^  aafortuo&tely  become  the  vehicles  of  the  pti(»rpcral  poison,  a^nd 
bare  conveyed  it  to  §evera1  patients  in  saceession^  have  experienced  thft  same  direftil 
renilts  immedifttely  on  resnming  obatetrio  ftitesdance^  after  «  lengthened  iaterr&l  of 
iaipeneioQ  from  it,  and  e?en  from  profesKional  employment  of  every  kind. 

t  See  Prof.  Simpson  '  On  the  Analogy  between  Puerperal  and  Surgical  Fever,'  in  (be 
^*Edinb.  Monthly  Jonm./*voh  xL  p.  4U  ;  and  vol.  xiii.  p.  72. 

S  For  a  fuller  oxpoeition  of  this  doatrinei  aee  tbe  "Brit,  and  For,  Med.-Chir.  Eev,,"_ 
ToL  xii,  p,  16&  ei  ttq.  " 
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gated  to  other  indmtliialB  in  some  of  the  modes  already  gpecified ;  of 
thii  we  have  nouble  examjjlea  in  hydrophobia,  cryeipdas,  and  the 
*  pustule  mnligne,* 

2U0.  It  is  not  only,  however,  io  the  class  of  Zymotic  diseases,  that  we 
seem  distinctly  able  to  trace  the  operation  of  morbid  poisons  circidating 
in  the  blood  ;  for  thoro  are  numerous  other  maladies,  of  whose  origin  in 
a  like  condition  there  can  be  no  reasonable  doubt ;  and  these  are  in  some 
respects  more  closely  analogous  than  the  preceding,  to  the  disordered 
statei  induced  by  the  introduction  of  toxic  agents.  For  in  those  of  which 
we  hare  now  to  speak ^  the  action  is  destitute  of  any  analogy  t*3  fermen- 
tation, and  its  potency  is  strictly  proportionate,  in  each  case,  to  the 
amount  of  the  dose  that  is  in  operation.  Here,  too,  we  have  a  coDuecting 
Umk  alPorded  by  those  disordered  states  of  the  system,  which  de|>end  iifM^n 
ftn  undue  acciunalation  of  poisonfl  nomially  generated  within  it,  in  con- 
flequenoe  of  some  obstacle  to  their  elimlnatton.  Thus,  the  retention  of 
nrea  or  of  uric  acid,  of  carbonic  acid,  biliary  matter,  lactic  acid,  or  of 
other  substance  which  are  normal  products  of  the  waste  or  disintegration 
of  the  body,  in  the  bloody  are  as  tnie  instances  of  poisoning  as  if  these  sub- 
fltanees  had  been  directly  injected  into  tlie  blood-vessels ;  and  the  evil  is  of 
cotme  increased,  when  (as  frequently  happens)  augmented  production  is 
ooDcurrefit  with  imperfect  elimination. 

207.  In  alJ  caaes^  therefore,  one  of  the  first  qneetionB  which  the  intel- 
ligent Practitioner  will  feel  called- upon  to  decide,  is,  whether  the  malady 
lie  has  to  treat  originates  in  the  stfite  of  the  Blood,  or  in  a  disorder  purely 
local;  and,  if  he  feel  justified  in  referring  it  to  the  blood,  whether  it 
merely  depends  upon  an  alteration  in  the  proportion  of  its  normal  consti- 
taent0|  as  in  plethora  and  simple  amcmia,  or  whether  its  phenomena 
imply  the  pre^nc^  of  some  toxic  substance  in  the  circulating  fluid. — If 
^e  former  be  his  conclusion,  he  has  then  to  endeavour  to  rectify  the 
excess  or  the  deficiency ^  by  reducing  the  former,  or  by  supplying  the 
latter ;  as  when  he  bleeds  and  prescribes  low  diet  for  I*lcthon^  and  em- 
plc^s  iron  and  generotis  living  in  Anaemia.  But  it  is  his  duty  to  take 
car©  that  his  means  are  appropriate  to  his  eids ;  for  there  c^n  be  little 
doubt  that  the  too-copioua  venesection  which  was  formerly  practised 
almost  indiflcriminately  in  acute  inflammations,  had  a  pernicious  tendency 
to  postpone  the  final  recovery  from  them,  whilst  it  had  oflen  but  a 
doubtfuJ  efficacy  in  subduing  tlie  first  -violence  of  the  disease.  As  a 
general  rule  it  may  be  stated,  that  genera!  blood-letting  is  likely  to  be 
rather  injurious  than  beneficial  in  toxic  inflammations,  in  which  the 
vitality  of  the  blood  as  a  whole  is  decidedly  lowered,  not\vith?ttinding  the 
large  increase  in  the  proportion  of  fibrin ;  and  to  this  ride,  the  restdts  of 
carefid  and  extended  observation  have  recently  sliown  that  Eheumadsm 
is  seldom  to  l>e  consiilered  an  exception,  notwithstanding  that  this  disease 
was  formerly  considered  to  lie  one  of  those  in  which  the  eflifmcy  of 
copious  depletion  was  most  undoubted. — In  diseases  of  toxie  origin,  the 
treatment  must  be  conducted  upon  principles  exactly  the  smie  as  those 
by  which  the  practitioner  would  be  giuded  in  his  treatment  of  a  case  of 
ordinary-  poisoning ;  but  as  regards  the  two  classes  into  which  it  has 
been  shown  that  these  maladies  may  be  divided,  a  difference  must  be 
nijide  in  their  application. 

208.  The  *  morbid  poisona'  of  our  second  class  (|  20G)  are  distiu- 
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gui^ied  by  tliifi,  that  tliere  is  »  coctmiml  new  generation  of  them  witliin 
the  system ;  and  the  first  a ndi cation  oi'  treatment,  therefore,  wiU  be  to 
cbeek  their  formation,  bo  far  a^  ilih  may  be  possible*  TMs  h  the 
raimiak  of  tlie  dietyetic  and  regiminal  treatment  of  the  lithic,  lactic,  and 
oxalic  diatlieses,  of  lepra  and  psoriasis,  of  chronic  gout  and  rhemnatismp 
and  many  otlier  clironic  diseases  of  toxic  origin, — ^condly^  we  should 
endeavour  to  destroy  or  neutralke  the  poison,  ii*  we  have  any  remedies 
which  pQS9es3  such  an  a<:tion  upon  it.  Perhaps  the  curative  inHuence  of 
arsenic  in  some  of  the  chronic  skin-disesaea,  is  one  of  the  best  examples 
of  Uiis  kind ;  but  it  must  be  admitted  that  such  direct '  antidotes  ^  to 
morbid  fwisona  are  very  lew  in  number. — Thirdly,  where  we  cannot  thus 
destroy  the  poison,  we  must  endeavour  to  moderate  its  action  upon  the 
system  ;  this  is  the  rationale  o£ paHiative  treatment  of  every  descriptioni 
in  wliich  the/ora  et  orlgo  of  tlie  malady  is  left  unchanged. — But  fourthly, 
our  main  object  must  be  to  eliminate  ^e  poison  &om  the  ^stem  as 
rapidly  as  po«sible,  by  the  various  channels  of  excretion ;  acting  upon 
these  by  remedies  which  eitlier  increase  tlieir  activity^  or  which  so  alter 
the  condition  of  tlie  morbific  matter  as  to  enable  it  to  be  more  readily 
drawn-off*  The  judgment  of  the  well-inibrmGd  practitioner,  in  the  treat- 
ment of  diseases  of  tlus  class,  is  more  shown  in  his  discriminative  selection 
of  the  best  means  of  thus  aiding  the  Blood  to  regain  its  normal  purity j 
than  in  any  more  apparently  '  heroic  measures^;  and  a  candid  reriew  of 
the  most  approved  systems  of  treatment,  for  diseases  of  the  type  here 
aUuded-to,  will  show  that  the  ratio  of  tlie b  efficacy  is  in  accordance  wiOi 
that  of  their  hannony  with  the  above  indications. 

20Dt  Among  the  Toxic  diseases  of  the  zi/motic  class,  in  most  of  which 
tlie  poison  is  iJitrodneed  from  without,  the  course  of  the  morbid  pheno- 
mena to  which  this  gives- rise  is  usuaUy  more  definite  and  speciiic,  and 
its  duration  more  limited,  There  is  no  source  witliin  the  body,  whence 
a  new  supply  of  the  poison  is  continually  arising ;  aiid  its  oj^eration  ceases, 
therefore,  as  soon  as  it  is  entirely  eliminated  irora  the  system.  But  there 
is  this  peculiarity  in  the  action  of  many  of  tJie  poisons  in  question,  that 
they  have  the  ].K)wer  of  multiplying  themselves  within  tlie  body  ;  thus, 
for  example,  when  small-pox  has  been  conmmnicated  by  the  inoculation 
of  an  excesdvely  minute  portion  of  the  virus,  Iiundrods  or  thousands  of 
pustules  are  geueratedj  each  of  them  charged  witii  a  poison  equally  potent 
with  that  from  which  they  originated.  It  is  to  this  multiplication,  that 
the  extension  of  ssjinotic  diseases,  by  communication  between  individuals 
affected  with  them  and  healthy  subjects,  is  chieHy  due ;  and  the  question 
of  the  'contagion'  or  *  non-contagion'  of  any  particular  disease  of  this 
class,  is,  therefore,  essentially  that  of  tlie  multiplication  or  non-midtipli- 
cation  of  the  poison  in  the  human  body.  This  muitiplication  of  certain 
zymotic  poisons  is  a  yet  stronger  point  of  analogy  to  the  action  of 
*  ferrnenta,'  than  tliat  which  is  afforded  by  the  violence  of  the  changes  they 
induce  when  conifjarctl  witli  the  amount  in  operation.  Some  of  these 
poiflons  are  of  such  potency,  that,  in  however  minute  a  quantity  tliey  ara 
introduced,  they  will  change  the  whole  mass  of  the  blood  in  a  few  minutes, 
and  will  act  indiscriminately  on  all  individuals  alike ;  t!iis  is  the.c^ise,  for 
example,  with  the  venom  of  serpents.  On  the  other  haud,  there  are 
many  (as  alrestdy  remarked)  which  seem  to  require  the  presence  of  some 
special  fermentible  matter  in  the  blood  (§  205).     And  between  these 
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might  probably  be  established  a  regular  gradation, — ^from  those  most 
*  pernicious'  forms  of  malarious  poison,  which  derive  their  potency  from 
the  intensity  of  vegetable  decomposition  under  the  in^uence  of  a  high 
temperature;  or  those  < malignant'  types  of  typhoid  poison,  which  owe 
their  special  intensity  to  animal  putrescence  engendered  by  filth  and 
overcrowding ;  both  of  these  attacking  a  very  large  proportion  of  those 
who  are  exposed  to  them, — to  those  milder  forms  of  zymotic  poisons, 
which,  though  derived  from  the  same  sources  with  the  precedmg,  act 
with  so  much  less  of  imiformity  upon  different  individuals,  that  we  can 
scarcely  £dl  to  recognise,  as  a  '  predisposing  cause,'  or  rather  as  a  neces- 
sary concurrent  condition,  the  presence  of  some  readily-decomposable 
matter  in  the  blood.  The  long-continued  action  of  these  poisons,  in  their 
milder  forms,  seems  itself  capable  of  inducing  this  condition ;  thus,  a 
healthy  person  who  settles  in  an  aguish  coimtry,  may  remain  free  from 
intermittent  fever  for  a  considerable  time,  but  his  health  gradually 
deteriorates,  and  at  last  he  becomes  the  subject  of  the  disease,  which 
would  have  much  earlier  attacked  him  if  his  blood  had  been  brought 
into  the  *  fermentible '  state  by  irr^ularity  of  diet,  over-exertion,  &c. ; 
and  the  same  may  be  observed  in  the  case  of  those  long  exposed  to  the 
poison  of  typhoid  or  other  fevers,  which  especially  locates  itself  in  animal 
miasmata,  if  it  be  not  actually  engendered  by  them. 

210.  In  some  of  the  diseases  of  this  class,  the  change  in  the  qualities 
of  the  Blood  produced  by  the  introduction  of  the  poison  is  sudi  as  to 
give  it  a  morbid  action  on  certain  organs  or  tissues  only ;  their  pheno- 
mena in  this  respect  corresponding  with  those  of  ordinary  poisons,  and  of 
the  toxic  diseases  previously  noticed.  Such  may  be  said  of  vaccinia, 
gonorrhoea,  primary  syphilis,  &c.,  in  which  the  general  functions  of  the 
body  seem  to  be  disturbed  chiefly  or  solely  through  the  local  disorder. 
It  may  happen  that,  even  where  a  specific  poison  is  present  in  the  blood, 
it  may  not  be  potent  enough  to  manifest  itself  in  any  disordered  action, 
either  general  or  local,  until  the  depressed  state  of  the  nutrition  of  some 
part  or  organ  renders  it  more  susceptible  of  a  fruiher  perversion ;  thus  it 
is  very  common  for  the  first  development  of  Cancer  to  follow  upon  some 
local  injury;  and  where  constitutional  Syphilis  may  be  prestuned  to 
exist,  it  often  seems  to  lie  dormant,  until  some  appropriate  part  is  ren- 
dered, by  some  such  cause,  peculiarly  susceptible  to  this  malady.* — But, 
in  other  cases,  we  find  that  the  contamination  of  the  blood  is  such  as 
primarily  to  produce  more  or  less  disturbance  in  all  the  functions ;  as  we 
especially  witness  in  the  severer  forms  of  fever,  in  poisoning  by  venomous 
serpents,  &c.  Even  in  this  last  class  of  cases,  however,  a  special  deter- 
mination to  one  organ  or  system  is  fr^uently  obvious ;  and  this  may  be 
so  constant  as  to  be  characteristic  of  the  disease,  as  is  the  case  with  the 
skin-affection  in  the  Exanthemata  generally,  the  affection  of  the  throat 
and  the  kidneys  in  Scarlatina,  and  that  of  the  air-passages  in  Measly 
But  in  other  instances,  the  local  affections  produced  in  different  indivi- 
duals by  the  same  specific  poison,  vary  in  their  relative  intensity,  and 
even  in  their  seat,  according  to  the  previous  conditions  which  their 
respective  subjects  afford ;  and  whilst,  in  some  instances,  this  variation 
may  be  clearly  traced  to  local  peculiarities  of  nutrition,  in  others  it  seems 

•  See  Mr.  PageVa  "Lectarea  on  Surgical  Pathology,'*  vol  i.  p.  492. 
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only  capablti  of  beiDg  accoimted-for  by  supposing  that  the  blood  of  eneh 
individual  haa  aome  peculiar  or  personal  cimracter,  whidi  eaiisea  it  to  Vm 
differently  affected  in  each  subject*  Of  tbe  detemiinjug  JjaUueuce  of  local 
deteriorattons  of  nutritionj  we  occaeionally  meet  ivith  curio  lis  examplea 
in  the  Exanthemata :  tinier  tlic  eruption  of  Measles  has  been  seen  to  be 
deepest  and  most  diffused  over  a  knee  affected  with  chronic  sjuorial 
inflammation  and  general  swelling ;  and  iu  a  patient  who  beciime 
affected  with  Small -Po3C  soon  aJter  a  Ml  on  the  nates,  the  pustules, 
^ough  thioly  scattered  elsewhere,  were  crowded- together  on  the  in- 
jured part  as  thickly  as  poBsible.*  So,  during  an  epidemic  Influenza,  : 
is  evident  that  the  local  affection  often  manifests  itself  chieHy  (if  no 
solely)  in  what  was  previoiiBly  regarded  as  the*  weak  point' of  each 
patient*s  system,f — The  local  determination  of  a  morbid  jx)ison  may 
iirequently  be  regarded  as  one  of  the  meana  whereby  the  blood  and  the 
system  at  large  are  freed  irom  its  action.  Of  this,  Jigain,  we  have  a 
most  characteristic  example  in  the  Exantliemata :  for  it  is  a  matter  of 
constant  observation,  that  the  constitutional  eymptoins,  especially  fever  and 
delirium^  are  most  severe  before  the  ctitaneoua  eruption  comes  out ;  tbji 
there  is  much  greater  danger  to  life,  when  the  eruption  does  not  developo'^ 
itself  fully ;  and  that  its  pjremature  repression  induces  a  return  of  the 
severer  constitutional  affection.  So  in  Syphilis  and  Cimcer  (as  Mr,  Paget ^ 
remarks),  the  severest  defects  or  disturbances  in  tlie  whole  economy  may 
eoexist  with  the  smallest  amounts  of  specific  local  disensc ;  and  it  hiu 
been  laid- down  as  a  general  law  by  Dr.  Robert  Williams,  "  that  when  i 
morbid  poison  acts  with  its  greatest  intensity,  and  produces  its  Bcver 
forms  of  diseiiaOj  fewer  traces  of  organic  alterations  of  structuro  will  bftl 
foimd,  than  when  the  disease  has  been  of  a  nailder  character."  f 

211.  In  nearly  all  the  Toxic  diseases  of  the  zymotic  class,  there  is  a 
natural  tendency  to  the  self-elimination  of  the  poison  and  of  the  products 
of  ita  action  on  the  blood,  either  by  the  operation  of  the  ordinary  excre- 

•  Pugctj  ©p.  cii,  p*  444* 

f  Of  tbone  TRTiationH,  on  ttfl  other  liaod,  irhiobj  ai  they  Cannot  be  thnn  attnbtit^  to  J 
purely -litcal  caaaea,  must  be  referred  to  p<?ci]Hflnti€i^  iu  the  general  stfttg  (if  the  systQin^  f 
and  eapeciiillj  of  the  blood,  of  each  individualf  we  bnve  a,  highly  cbi^mctcnstic  exampltil 
ID   the  following  ineident,  which  fell  utider  the  notice  tif  Vr^tt.  Huxley,   when  Aerr-T 
tag   m  Assistant-Surgeon   od   board   H,M.B,   llattlesnake,    which   had  b«en   engaf^ 
GH  a  survey iug  Toyage  about  New  duinea  and  Auatrmtta.     The  craw  seem  ti>  hnvo 
acqiiirod  a  predisposition  to  diBeaso,  by  long  oonfinemelit>  exposure  to  tropical  flnn^hioe, 
unwhi^leooKie  food,    and  other  unfarourable  influencei  ;  hut  no  decided  malady  had 
fthown  iUelf  among  them,  until  one  of  them,  after  slighlly  woanding  hiE  bond  with  a 
bo^f'bone,  had  soppqration  of  the  axillary  lymphatic  glanda,  with  whicli  typhoid  symp- 
toms and  delirmm  were  asaociated,  and  which  proved  fatal.    A  f^w  daye  after  his  dcalh* 
the  aailor  who  wn&hed  hiR  ololhea  haii  similar  Hympt<iima  of  disease  in  the  axilla  ;  atid 
fur  four  or  fiiTi  montha  he  suffered  with  stonghing  of  portions  of  the  cellular  ti8ia« 
the  axilk,  arm,  and  trmnk  of  the  same  side.     Near  the  Eiame  tluie«  a  third  wbAIot  I 
dilfase  inflamuiation  nnd  alougbutg  in  the  ludlhi ;  and  aflter  this,  the  dineuie  tw\ 
TariouH  forma  tbns^ugh  the  Bhip^s  oompftay,  between  thirty  and  forty  of  whom 
sometimea  on  the  sick-list  at  once.     Some  hod  diffuse  cellular  infEfunmatlon  ;  lome  lia4j 
iaflammation  of  the  lympbatio  glands  of  the  head,  axiUa,  and  lower  extremities ;  onil 
hftd  Rcvene  idiopathic  erysipelas  of  tbe  bead  and  neck  ;  aiiother  had  phlegmonous  eryn" 
pelas  of  the  hand  and  arm  after  an  accidental  wound  ;  others  had  low  fever  with  or 
mthont  enlargiement  of  glands.     Finally,  the  disease  took  the  form  of  mumps,  which 
affectoil  ainioat  every hcxly  on   board.      The  epidemic  lasted   from  May  to  July   fUie 
winter  in  the  aoutberu  IkemiBphere)^  the  ship  being  at  sea  during  the  whole  time, 

t  **  Elements  of  Medicine,"  vol,  i^  p.  12. 
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r  by  the  peculiar  local  actions  jiM  adverted -to ;  and  tliia 
alace  in  niauy  iuatances  witli  auch  r^tilaritj,  that  not  only 
the  period  which  it  will  altogether  reqiurei  but  each  of  tliose  sucoesaiye 
epochs  which  mark  the  stages  of  development  and  metamorjihoaia  in  the 
poison  aLiid  in  the  producta  of  its  action,  may  be  almost  exactly  pred  icted. 
There  is  not,  in  fact,  a  more  remarkable  indication  of  the  *  Life  of  the 
Blood/  than  ia  afforded  by  ita  extraordinary  power  of  self- recovery,  aller 
having  imdergone  the  excessive  j>erveraion  which  ia  conseqtient  upon  the 
introdiKJtion  of  the  more  potent  Zymotic  poisons ;  and  every  philosophical 
physician  is  reatly  to  admit,  that  it  is  to  this  *  vis  medicatrix  naturaj,* 
ratLer  than  to  any  remedial  agency  which  it  is  in  his  power  to  apply, 
that  he  must  look  for  the  restoration  of  his  patient  The  very  nature 
of  the  action  of  xymotic  poisons  upon  the  blood,  seems  to  forbid  the 
escpeotatioii  of  our  being  able  to  neutrah:se  or  check  that  action  by 
antidotes ;  and  the  objects  of  treatment  wholly  lie,  therefore,  in  pro- 
moliEig  the  elimination  of  the  morbific  matters  thus  eugendered,  in 
keeping-under  any  dangeroufi  excess  of  local  action,  aiid  in  supporting 
the  system  during  the  continuance  of  the  malady.  In  a  large  proportion 
of  zymotic  diseases,  it  is  probable  tliat  the  oxidation  of  the  morbific 
matt^  by  the  aeration  of  the  blood,  ia  the  chief  means  of  its  removal  ^ 
and  it  is  accordant  with  this  view^  that  the  encouragement  of  the  respira- 
tory function,  both  pulmonary  and  cntaneona^  by  u  pure  and  cool  atmo- 
BpherOy  and  by  keeping  tho  skin  moist  (either  by  the  adnunistration  of 
diaphoretic  medic iues,  or  by  external  apphcatjona),  should  be  found  one 
of  the  most  eifficient  means  of  promoting  recovery, •  Whilst  mild  purga- 
tives  may  be  employed  with  advantage  for  the  same  end,  in  the  earlier 
stages  of  thege  diseases,  care  must  be  taken  that  the  system  be  not  too 
much  debilitated  by  their  action  ;  and  the  same  caution  must  be  observed 
with  regard  to  tlie  use  of  local  depletion  or  oounter-irritationj  for  the 
purpoae  of  subduing  tlie  violence  of  some  local  aflection.  In  fact,  the 
general  tendency  of  these  di^seaaes  to  the  adpmmiv  type  seems  to  indi- 
cate that,  liowever  beneficial  the  immediate  results  of  reducing  treat- 
ment roay  appear  to  be,  its  remote  effects  are  much  to  be  dreaded. 
And  when  the  results  of  a  large  and  varied  experience  are  brought 
together,  the  Author  beUevea  that  those  wiU  be  found  most  satisfactory, 
in  which  the  treatment  has  been  tnockratei^  evacuantj  and  earl^  susten- 
tative,f 

♦  Dr.  Buiiell,  whoee  long  famlliKity  with  tbe  moat  pemleiotis  formi  of  African  fever, 
and  irith  the  tmiobb  modea  of  tiealmeat  which  haTe  been  put  ia  practice  for  ita  care,  give** 
a  most  decided  piefereaoe  tc  the  ntdori^e  flffttem  ia  vogae  among  tbe  nailvi^fl,  hn  having 
ft  VMt  inpeTioiity  over  the  TeueeecttoiiSf  iali&e  pnrgatiTea,  and  litrge  doses  of  cabin  el, 
which  m^>art  Eanji-iciui  practltiQiierH  have  employed.  See  Mm  "Sketehea  of  thu  Medical 
TdlMigrsphy  ftDd  Native  Diseaseii  of  the  Gal f  of  (iuiaea,"  p,  120* 

T  Oq  the  aahject  of  the  kttar  |)ortioa  of  this  aectioa,  see  the  treatiae  of  Dr,  Eobert 
WiUuu&fl  on  "  Morbid  Poiijons,''  the  **  Principle  of  Modicane*'  of  Dr.  Charlea  J,  B- 
WiUiAtofi,  the  '*Le<;tiirea  on  General  Pathology"  by  Mr.  Sitnon,  ftud  the  chapter  oa 
'Spedfic  Biseases'  in  Mr.  Paget' a  **  Lecturea  on  Swgioal  Pathology,"  ¥oL  L 
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OF  THE    cmCULATlON   OF   THE    BLOOD. 

li  Of  the  Circulation  in  G&neruL 

212.  TiTE  Circulation  of  nutritive  fluid  tlirough  tlie  body  lia&  for  its 
object,  on  tlie  one  part,  to  convey  to  every  portion  of  the  oTganisBi  the 
miiterifils  for  its  growth  and  renovation,  together  with  the  supply  of 
Oxygen  which  ia  requisite  for  ita  vital  actions,  (especially  for  those  of 
the  Nervo- Muscular  ap^jaratUE) ;  and  at  the  same  time  to  carry-oiF  the 
particles  which  are  set;-free  by  the  disintegrafaon  or  *  waste*  of  the  ti^nies, 
and  which  are  to  be  reniovefl  from  the  body  by  the  Excreting  prDce^ses. 
Of  these  processes,  the  one  moat  constantly  in  operation^  as  well  as  most 
neo^aary  for  tiie  mainteiiance  of  the  purity  of  the  bloody  is  the  e^Etrica- 
tion  of  Carbonic  acid  tJirough  the  Respiratory  organs  |  and  tlus  is  made 
subservient  to  the  introduction  of  Oxygeu  into  the  system*  In  Man,  as 
in  other  Vertebra  ted  animals,  there  m  a  r^ular  and  continiious  move- 
ment of  the  nutritive  fluid  through  tLe  sanguiferous  vessds ;  and  upoQ 
the  maintenance  of  this^  the  activity  of  all  parts  of  tlie  oz^gauiam  is  de- 
pendent. In  common  with  Birda  and  Mamnmls,  again,  Man  has  a  Hespi- 
ratory  circulation  entirely  distinct  from  the  Systemic;  all  tbe  blood 
wbicti  has  returned  from  the  body  being  transmitted  to  tbe  lungs,  and 
being  brought  back  to  the  heart  again,  before  it  is  sent-forth  afresh  for 
the  nourishment  of  the  tissues  and  for  tlie  maintenance  of  their  ftmctional 
activity*  The  Heart  is  placed  at  the  j  miction  of  these  two  distinct  circu- 
lations^  wliicb  may  be  likened  to  the  figure  8  ;  and  it  may  be  said  to  be 
formed  by  tlie  fusion  of  two  distinct  organs^  a  'pulmonaiy*  and  a 
*  systemic^  heart?  for  its  right  and  lefl;  aides,  wliicli  are  respectively  ap- 
propriated to  these  purposes,  have  no  direct  commnni^mtion  with  each 
other  (in  the  perfect  adult  condition,  at  least)^  and  seem  merely  brougbt 
together  for  economy  of  material,*  Each  system  has  its  own  set  of  Arte- 
ries or  efferent  vessels,  and  of  Veins  or  afferent  trunks  ;  these  communi- 
cate at  their  central  extremity  by  tbe  Heart,  and  at  tlieir  peripheral 
extremity  by  the  Qipillary  vessels,  which  are  nothing  else  than  the 
minutest  ratniiications  of  the  two  systenis,  inosculating  into  a  plexus* — 
Besides  the  systemic  and  pulmonary  circulations,  however,  there  is 
another  wbicb  is  no  less  distinct,  altliough  it  has  not  an  impelling  organ 
of  its  oivn.  This  is  tbe  *  portal'  circulation,  which  is  interposed  between 
the  venous  trunks  of  the  abdominal  viscera  and  tbe  Vena  Cteva,  for  the 
purpose  of  distributing  that  blood  through  the  Liver,  in  which  organ 
its  newly-absorl>ed  materials  undergo  assimilation,  whilst  its  escre* 
mentitious  matters  are  separated  by  the  secreting  process*  Tbe  Vena 
Portae^  which  is  formed  by  the  convergence  of  tbe  gaatric,  intestinal, 
S|)lenic,  and  pancreatic  veins,  subdivides  again  Oko  an  artery j  so  as  to 
form  a  capiUaiy  plexus  which  extends  through  the  whole  substance  of 

*  At  tto  oarly  period  of  fc&tnl  lif^  as  la  the  pennanont  *ftate  of  tbe  Dugoiig,  the  he&rt 
ii  10  dt^iplj  oleft,  frum  ike  apex  towards  the  ham^  as  iihso^t  tu  give  tbe  idea  of  two 
Mpfunnte  ojrgati«» 
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the  liver ;  aad  the  Hepatic  vein,  collecting  the  blood  from  this  plexus, 
conveys  it  into  the  Vena  Cava.  Thus  the  portal  circulation  is  grafted 
(so  to  speak)  upon  the  general  circulation,  in  precisely  the  same  mode  as 
the  respiratory  circulation  is  grafted  upon  it  in  Mollusca  and  Crustacea ; 
and  if  the  *  sinus*  of  the  Vena  portce  had  possessed  contractile  muscular 
waUs,  it  woidd  have  ranked  as  the  proper  heart  of  the  portal  system. 
The  really  arterial  character  of  the  Vena  portee  is  well  shown  by  com- 
paring it  with  the  Aorta  of  Fishes ;  which  is  formed  by  the  convergence 
of  the  branchial  veins,  and  then  distributes  the  blood  which  it  has  re- 
ceived from  them  to  the  body  generally. 

213.  That  the  movement  of  the  Blood  through  the  arterial  trunks  and 
the  capillary  tubes,  is,  in  Man,  and  in  other  warm-blooded  animals, 
chiefly  dependent  upon  the  action  of  the  Heart,  there  can  be  no  doubt 
whatever.  It  can  be  easily  shown  by  experiment,  that  if  the  arterial 
current  be  checked,  the  capillaries  will  immediately  cease  almost  entirely 
to  deliver  the  blood  into  the  veins,  and  the  venous  circulation  will  be 
consequently  arrested.  And  it  has  also  been  proved,  that  the  usual  force 
of  the  Heart  is  sufficient  to  propel  the  blood,  not  only  through  the  arte- 
rial tubes,  but  through  the  capillaries,  into  the  veins ;  since  even  a  less 
force  will  serve  to  propel  warm  water  through  the  vessels  of  an  animal 
recentJy  dead.*  But  ihere  are  certain  "  residual  phenomena"  even  in 
Man,  which  clearly  indicate  that  this  is  not  the  whole  truth  ;  for  not  only 
is  the  general  current  of  blood  greatly  modified  in  its  passage  through  the 
cnrculating  system,  but  there  are  many  variations  in  its  movement, 
which,  being  very  limited  in  their  extent,  cannot  be  attributed  to  any 
central  distturbance,  and  must  therefore  be  dependent  on  causes  purely 
locaL  Hence  we  are  led  to  perceive  that  forces  existing  in  the  Blood- 
vessels themselves  must  have  a  considerable  influence,  in  producing  both 
general  and  local  modifications  of  the  effects  of  the  Heart's  action.  There 
are  also  indications  of  the  existence  of  infiuences  in  which  the  blood- 
vessels do  not  partake,  arising  from  those  changes  occurring  between  the 
blood  and  the  tissues,  that  constitute  the  processes  of  Nutrition,  Secre- 
tion, &c.  Of  the  nature  of  these  influences,  and  of  the  degree  of  their 
operation,  the  most  correct  idea  may  be  obtained  by  examining  the  phe- 
nomena of  the  Circulation  in  those  beings,  in  which  the  moving  power  is 
less  concentrated  than  it  is  in  the  higher  Animals.  Thus  we  find  that 
in  Plants  and  the  lowest  Animals,  as  in  the  earliest  embryonic  state  of 
the  highest,  a  movement  of  nutritious  fluid  takes  place  through  a  system 
of  minute  passages  or  channels  excavated  in  the  tissues  (representing  a 
capillary  plexus),  without  any  vt^  a  tergo  derived  from  an  impelling 
organ.  Ascending  a  little  higher  in  the  series,  we  meet  with  a  system 
of  vascular  trunks^  distributing  the  blood  to  these  plexuses,  and  collecting 
it  again  from  them ;  and  the  walls  of  these  tnmks  are  so  far  endowed 
with  contractility,  as  to  assist,  by  a  sort  of  peristaltic  movement,  in  the 
maintenance  of  the  current  through  them.  Still  passing  upwards,  we 
find  this  contractility  manifesting  itself  especially  in  some  limited  portion 
or  portions  of  the  vasctdar  system,  which  execute  r^^ular  movements  of 
contraction  and  dilatation ;  and  this  tendency  to  concentration  is  increas- 
ingly observed,  untiL  the  whole  movement  is  subordinated  to  the  action 

*  See  Dr.  Williama'B  <*  Principles  of  Medicine,'*  2nd  edit.,  p.  185,  note. 
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of  a  principal  propeCiDg  organ,  the  Heart.* — We  aliaJl  now  e^Sflmiiie 
wliat  agetic}'  in  tLe  Utuiian  Cir dilation  may  Ijo  attributed  to  tLe  Heurt, 
the  Arteries,  and  tiie  Veins  resi^ectively  ;  and  what  other  forces  may  be 
fmily  presumed  to  operate  in  the  CapiLkuy  druulatian. 

2*  Acthn  of  the  HmH, 

214,  The  Heart  ii  endowed  in  fin  eminent  degree  with  the  property  of 
irritability ;  by  which  is  meant,  the  capabihty  of  being  easily  e^Ecitetl  to 
movements  of  contraction  alternating  with  relaxation*  Thu%  after  the 
Heart  Las  been  removed  from  t!>e  body,  and  has  ceased  to  contract^  a 
alight  irritation  will  cause  it  to  e:xecntej  not  one  movement  only,  but  a 
eeries  of  alternate  contractiona  and  dilatations,  gradually  diminishing  in 
vigour  until  they  cease.  The  contraction  begins  in  tlie  part  irritated,  and 
then  extends  to  the  rest*  It  appears,  however,  irom  Mr,  Paget' s  esperi- 
nienta,f  that  it  is  necesaaiy  for  the  propagation  of  this  irritation,  tliat 
the  parts  should  be  connected  by  musculM^  tissue,  of  which  a  very  narrow 
iaihmna  will  suffice ;  and  that  the  propagation  will  not  take  pWe,  if  the 
connecting  isdimus  be  composed  of  tendon,  oven  though  this  be  a  portion 
of  the  auricuJo- ventricular  ring,  which  lias  been  supposed  by  some  to  be 
peculiarly  efiieacioua  in  this  conduction.  Like  the  contractUity  of  these 
muflcles,  that  of  the  Heart  can  only  be  continnouBly  sustained  by  a  supply 
of  arterial  blood  to  its  own  tissue*  This  is  sliown  not  only  by  the  serious 
effects  produced  by  disease  of  the  coronary  arteries,  but  also  by  the 
experiments  of  ErichsenJ  and  SchiffjJ  tho  former  of  whom  found  that  liga- 
ture of  the  coronary  arteries  rapidly  produced  cessation  of  the  movements 
of  the  heart,  especially  if  the  cardiac  veins  were  also  opened  j  whilst  the 
latter  obtained  a  local  paralysis  of  either  ventricle^  according  as  tlie  artery 
distributed  to  the  one  or  tJae  other  was  tied*  The  confaractility  of  ^e 
Heart  is  much  less  speedily  lost  in  cold-blooded  animals  than  in  wann- 
blooded  J  tlie  heart  of  the  Frog,  for  instance,  will  continue  to  pulsate  for  aa 
many  as  12  hours  after  its  removal  from  tlie  body,  particularly  if  kept  in 
an  atmosphere  of  Oxygen,  though  it  ceases  in  a  few  minutes  if  immersed 
in  Carbonic  acid  gas.|]  It  has  iurther  been  shown  by  Mr,  Tod,  that 
tJie  irritabihty  of  the  heart  is  of  great  duration  after  death  in  very  young 
animals ;  wliich,  as  was  long  since  demonstrated  by  Dr.  Edwards,  agree 
with  the  cold-blooded  Yertebrata  in  their  power  of  sustaining  lile  ibr  a 
lengthened  j>eriod  without  oxygen, 

215,  It  is  diMcult  to  account  for  the  long  continuance  of  the  alternate 
contractions  and  relaxations  of  the  muscular  parietes  of  the  Heart,  after 
all  evident  stimuli  have  ceased  to  act  upon  it ;  and  many  theories  have 
been  offl^ed  on  the  subject^  none  of  which  afibrd  an  adequate  explanation-^ 

*  See  '*  Frfnc*  of  Coiup.  Pbya.,"  cbap.  v. 

+  **  Brit.  tLud  For.  Med.  Review,"  toL  xxl.  p,  551, 

t  **Lond,  Med.  Oaz./'  18J2,  voL  iL  p.  661, 

g  *' ArcliiT  t  FbjB.  HtiUk,,*'  torn.  ix. 

II  Cwtell,  **Mmkr^a  ArcliiT,"  1854,  p,  226, 

il  In  tbe  prevlouH  ^Hioos  of  tliia  work  it  wwt  anggoflted  that  the  rh^tLmieal  more^ 
meats  of  tb^  Henri  mighi  b«  accottiit«d  for  by  r^guniJDg  tlteai  n£  mi  eipresaioii  of  tb« 
poculittT  vita!  ciidowmeDtB  of  its  muacuJar  tisanei,  and  iL&t  m  tJie  ordinary  miificlM  of 
itm  body  iiittj,  uudi^r  ci^ruixi  cuuditioufi,  be  caaeej?cd  to  oontract  BjKsiituiit^oiiBly  in  con- 
•ttquenoe  qI  bcijig  ebarged  with  moUliiif  or  motor  force  eugeudertd  by  previuiu  ncti  of 
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The  extraordinaiy  tendency  to  rhythmical  action,  by  which  the  heart  is 
diatinguiflhed  from  nearly  all  other  muflcles,  is  shown  by  the  &ct,  that 
not  only  do  the  entire  hearts  of  cold-blooded  or  of  hibernating  animals 
continue  to  act  long  after  their  removal  from  the  body,  but  even  separated 
portions  of  them  wjH  contract  and  relax  with  great  r^ularity  for  a  long 
time.*  Thus  the  auricles  will  persist  in  their  rhythmical  action,  when 
cut-off  above  the  auriculo- ventricular  rings ;  and  the  apex  of  the  heart 
will  do  the  same,  when  separated  from  the  rest  of  the  ventricle.  There 
is  strong  reason  for  believing  that  the  contact  of  the  blood  itself  with  the 
lining  membrane  of  the  Heart  is,  as  Haller  maintained,  the  ordinary  sti- 
mulus inciting  it  to  contract.  That  the  inner  sur&ces  of  the  cavities  of 
the  Heart  are  provided  with  sensory  nerves,  is  incidentally  shown  by  an 
experiment  of  Bernard, f  in  which  the  contact  of  the  bulb  of  a  thermo- 
meter with  the  interior  of  the  ventricles  inmiediately  increased  the  number 
of  pulsations.  Schifi^  and  Budge§  have,  moreover,  shown  that  the  action 
of  both  auricles  and  ventricles  rapidly  ceases  if  they  are  placed  on  blotting 
paper ;  but  that  they  may  be  called  into  action  again,  either  by  immersing 
them  in  blood,  or  by  dropping  a  little  blood  into  their  cavities.  And  an 
ingenious  experiment  was  made  by  Haller  himself,  showing  that  if 
arrangements  are  made  by  which  either  the  right  or  le^  side  of  the  Heart 
remains  filled  with  blood,  whilst  the  other  can  discharge  its  contents  and 
remains  empty,  that  side  which  is  stimulated  by  the  presence  of  the  blood 
continues  to  beat  rhythmically  long  after  the  movement  of  the  other  has 
ceased.  When  the  irritability  of  the  heart  is  nearly  exhausted,  the 
usual  rhythm  is  often  a  good  deal  disturbed,  so  that  the  contractions  of 
the  auricles  and  ventricles  do  not  regularly  alternate  with  each  other ; 
and  one  set  frequently  ceases  before  the  other. 

216.  In  regard  to  the  influence  of  the  Nervous  system  upon  the  Heart, 
there  is  abundant  evidence  to  show  that  its  movements  may  be  power^ 
fully  affected  by  causes  acting  either  upon  the  Cerebro-spinal  or  upon 

notriUon,  so  the  rbythmical  movements  of  the  heart  might  be  dae  to  a  simple  excess  of 
this  motility,  oontinoally  supplied  by  the  nntritiye  operations,  and  as  constantly  dis- 
ehaziging  itself  in  contractile  action.  Ttus  view  was  supported  by  a  reference  to  cases 
of  mnaenlar  action  where  no  nenres  are  apparent,  as  in  the  embryonic  Heart  at  an  early 
period,  and  the  hearts  of  the  lower  animals  (the  Tunicata  for  instance),  and  to  cases  of 
local  cramp  and  spasm  which  it  was  believed  could  not  be  fairly  attributed  to  a  perverted 
lefltfL  action  of  the  nervous  system.  M.  Brown-S6quard,  again,  has  attributed  the  inter- 
mittent action  of  the  Hei^  and  other  muscles  to  the  presence  of  venous  blood  in  their 
capillaries,  which  he  believes  to  exert  a  stimulant  action  on  muscular  fibre.  (See 
"Kxperimental  Research,  &c.,"  1858,  p.  114;  "GomptesBendus,"  1857;  and  "Journal 
de  la  PhysioL,"  1858,  p.  95  et  teq,)  Dr.  Eadcliffe,  on  the  other  hand,  has  adduced 
evidence  to  the  effect  that  the  true  stimulus  to  the  contraction  of  the  Uterus,  Heart,  and 
other  rhythmically  acting  organs,  as  well  as  indeed  of  all  muscular  tissue,  is  the  absenee 
of  oxygenated  or  arterial  blood  ("Epilepsy,"  8rd  edit,  p.  20  ei  teq.) ;  whilst  Mr. 
Paget  has  endeavoured  to  expUin  the  phenomena  by  referring  them  to  an  intermission 
in  the  processes  of  nutrition  (*'Croonian  Lecture,"  1857).  None  of  these  theories, 
however,  appear  to  afford  a  sufficient  explanation  of  all  the  facts,  and  the  essential  oau89 
of  the  rhythmical  action  of  the  Heart  must  still  remain  an  unsolved  question. 

*  Rei<C  indeed,  was  of  opinion  ('*Cyc.  of  Anat.  and  Physiology,"  vol.  ii.  p.  611), 
thftt  the  rhythmi<»d  action  of  the  heart  in  the  frog  could  continue  in  the  absence  of  any 
physical  stimulus,  for  he  observed  contractions  taking  place  even  in  vacuo ;  but  his 
experiments  have  been  repeated  on  several  occasions  yritii  different  results,  the  pulsations 
ceasing  on  the  withdrawal  of  the  air,  and  commencing  again  when  it  was  readmitted. 

f  "  Lemons  sur  lee  Liquides  de  rOrganisme,*'  1859,  p.  124. 

t  *•  Vierordt's  Archiv,"  1850,  p.  84.        §  *•  Archiv  f.  Phys.  HeUk.,"  1846,  p.  561. 
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tbe  STmpatlietic  aystem ;  and  wliilst,  upon  the  one  hand,  tbe  energy  and 
force  of  ita  contractions  nniy  be  augmented  by  stimuli  applied  to  tliese 
centres,  it  appears  to  be  well  ascertained  that  tbe  Pneimioga«trie  nervee^ 
originating  in  the  Medulla  oblongata^  may  be  the  means  of  couTeyiug  an 
influence  of  a  precisely  contrary  nature,  sei^ving  to  iidiibit,  restrain,  or 
regulate  the  Cardiac  movements.  The  iact  that  the  Heart  wiU  continue 
to  bciit  al^er  its  removal  from  the  body,  or  after  the  gradual  removal  of 
the  whole  Cerebro-3pinal  axia,  especially  if  the  flow  of  blood  through 
the  Lungfl  he  kept  up  by  artificial  respiration,*  as  well  aa^he  existence  of 
anencephahc  monsters  which  posaesa  a  regular ly-pidBating  heart,  clearly 
fihow  that  this  organ  is  not  exclusively  or  cj^sentiaii^  dependent  ufum 
the  central  nervoua  system  for  the  oontlnuaiioe  of  its  rhythmical 
action.  Ita  movementa  under  these  ciFcmnstances  must  be  regard^  as 
automatic,  and  governed  by  the  Sympathetic  ganglia  distributed  through 
its  substance.  On  the  other  hand,  the  well-known  efiEects  of  mental 
emotions  and  of  sudden  and  severe  injuries  of  either  the  Sympathetic  or 
Cerebro-spinal  system  upon  tJie  Heart^a  action j  and  the  observation  of 
V.  Bezold  that  aection  or  paral jais  of  the  cervical  portion  of  the  Spinal 
Cord  occaaions  a  marked  diminution  of  the  frequency  and  force  of  the 
cardiac  pulsations^  w^hilst  stimulation  of  the  lower  cut  sur^e  elfects  a 
corresponding  incrcaBe,  prove  with  equal  certainty  tiiat  its  action  may  bo 
influenced  through  nen-^ous  fibres  in  connection  with  those  centres.  In 
reference  to  the  iniluerice  of  the  Pneumogastrica  upon  the  Heart,  the 
experiments  of  MM,  Weber,  Btid^e,  Schiff,  and  others,!  ha%^e  shoivn 
that  its  movementa  may  be  immediately  arrested  by  tlie  transmission  of 
an  interrupted  current  of  electricity  through  one  or  both  of  these  Nerves, 
Kow  in  tlie  case  of  any  voluntary  muscle,  the  passage  of  such  a  current 
through  tlio  nerves  Bupplylng  it  produces  a  state  of  tonic  contraction  or 
tetanus ;  but  in  tlie  case  of  the  Heart  the  effect  produced  is,  on  the  con- 
trary^ that  of  complete  relaxation.  The  cessation  in  diastole  of  the 
rhythmical  action  is  not,  however,  of  long  duration  5  contraction  soon 
recommences,  notwithstanding  the  continued  application  of  the  electrical 
stimulus  \  though  it  can  again  be  arrested  by  passing  the  interrtipted 
current  through  a  fresh  portion  of  the  nerve,  situated  lower  down  or 
nearer  to  the  Heart.  Moreover,  it  has  been  observed  that  after  section 
of  the  Pneumogastrica,  the  frequency  and  force  of  the  Heart's  action  are 
manifestly  increased,  as  shown  by  the  increased  pressure  of  the  Blood  in 
the  arteries-  The  following  theory,  suggested  by  A.  v,  Be^old^  will  serve 
to  hold  these  various  facts  in  connection,  and  will  at  tlie  same  time  give 
an  outline  of  the  laboriotia  inveatigaticMia  which  have  recendy  been  made 
by  him  on  tJiis  subject.  The  movements  of  the  Heart,  according  to 
this  obsen'^er,  appear  to  be  influenced  by  three  systems  of  Nerves^  One 
of  these  is  seated  in  the  Heart  itselJ',  and  is  represented  by  the  ganglionic 
nervous  apparatus  distributed  through  its  substance  ■  under  the  automatic 
and  rhythmical  action  of  which,  even  when  the  Hejirt  has  been  removed 
from  the  body,  a  relatively  consideiuble  number  of  feeble  puliationa  can 

*  See  the  Experimente  of  Br*  "Wilson  Philip^  "  Ejqjfirimetital  Inqajry,"  &c.  p.  56. 

t  See  Welifir  in  *'  Arcliivfis  d'Anat.  Qin.  et  de  PhjHioL/*  Jan.  1S46,  luid  **  Wagner'i 
Handirort<srbach,*'  baud  iiL  2,  p.  31  \  Budge  in  **  ArcliiT  f.  FIi^b.  HeiUttind©,'*  1846 
IT,  ji.  B19  ;  and  SchitFin  bia  **PhyBiolo^ie»'*  1S59|  p.  417  d  uq. 

%  Bee  bi4  **  Unttirsucbungieii  uber  di«  lDiier¥&iiQU  dea  IlerMns,^^  Leipzig,  1SG3. 
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be  performed.  The  cause  of  the  Rhythm  is  perhaps  attributable  to  con- 
tinuouB  excitations  originating  in  the  Cardiac  ganglia,  which,  meeting 
with  continuous  resistances  in  the  Cardiac  nerves,  only  periodically — that 
is  to  say,  after  overcoming  such  opposition — act  on  the  muscular  tissue. 
To  this  local  nervous  centre  two  distinct  sets  of  fibres  pass,  connecting 
the  heart  with  the  central  nervous  masses.  One  of  these  sets  reaches  the 
Heart  partly  through  the  cervical  and  partly  through  the  thoracic  and 
lumbar  portions  of  the  great  Sympathetic  cord.  The  latter  fibres  origi- 
nate in  itie  Manila  oblongata,  and  descending  through  the  cervical  and 
to  some  extent  through  the  dorsal  and  lumbar  portions  of  the  Spinal  cord, 
emerge  at  many  different  points  to  imite  with  the  Sympathetic  nerve. 
The  function  of  all  these  fibres  consists  in  conveying  an  exciting  or 
stimulant  influence  from  the  Medulla  to  the  Heart,  when  that  centre  is 
firom  any  cause  roused  to  action.  As  oflen  as  this  occurs,  the  resistance 
normally  present  in  the  Cardiac  nerves  is  more  frequently  overcome,  and 
the  Heart  consequently  beats  more  vigorously  and  with  greater  rapidity. — 
The  second  set  of  fibres,  on  the  other  hand,  when  incited  to  action, 
increase  the  resistance  ordinarily  present  in  tjie  Heart,  and  run  in  the 
Pneumogastric  nerve,  also  originating,  in  all  probability,  from  the 
Medulla  oblongata.  When  strongly  excited  they  can  increase  the  amount 
of  resistance  to  so  great  an  extent,  that  it  becomes  superior  to  the  com- 
bined influences  of  the  excitory  system  of  the  Medulla  oblongata,  and  of 
the  motor  system  seated  in  Uie  Heart  itself.  After  a  short  interval, 
however,  the  resistance  diminishes,  and  the  successive  discharges  of  the 
automatic  centres  can  then  reach  the  heart,  though  after  somewhat  longer 
pauses.  Both  kinds  of  nervous  system,  the  excitory  and  the  inhibitory, 
are  in  connection  with  the  Sensoriiun,  and  may  be  coetaneously  excited 
by  Psychical  agency.*  There  is  also  reason  to  believe  that  the  depressing 
effects  of  shock  may  be  exerted  no  less  directly  through  the  Sympathetic 
than  through  the  Cerebro-spinal  system ;  and  that  considerable  disturb- 
ance may  ensue  from  lesions  of  such  parts  of  it  (at  least)  as  are  most 
nearly  connected  with  the  heart.  For  the  well-known  fiict  of  sudden 
death  not  unfirequently  residting  from  a  blow  on  the  epigastric  region, 
especially  after  a  full  meal,  without  any  perceptible  lesion  of  the  viscera, 
seems  to  indicate  that  a  violent  impression  upon  the  widely-spread  coeliac 
plexus  of  Sympathetic  nerves  (which  will  be  much  more  extensively 

*  In  some  interesting  experiments  made  with  Woorara,  v.  Bezold  foand  that  in 
the  first  instanoe  this  poison  paralyses  the  inhibitory,  then  the  excitory,  and  alti- 
BUbtely  the  aatomatic  nerrons  centres,  though  before  paralysing  the  last  two  it  ap- 
pears to  increase  their  functional  activity.  A  very  different  view  of  the  relation  of  the 
rnenmogastrics  to  the  Cardiac  movements  is  held  by  Schiff  (see  his  "  Physiologic, '*  1859, 
pp.  187  and  417),  Moleschott  (<*  Journal  de  la  Physiologic,"  1862,  p.  124),  and  others. 
These  observers  regard  the  Pnenmogastrics  as  the  only,  or  at  least  as  by  far  the  most 
important  motor  nerves  of  the  Heart,  whose  conductivity,  however,  is  exhausted  with 
extraordinary  facility,  the  nerves  being  in  fact  killed  by  the  application  of  all  except  the 
very  feeblest  currents  of  electricity,  whilst  these,  if  applied  with  due  precaution,  effect 
an  auffmenUUion  in  the  cardiac  movements.  Schiff  admits  that  he  is  unable  to  explain 
upon  this  theory  the  cause  of  the  increased  activity  of  the  Heart  after  section  of  both 
P^umogastrics.  M.  Brown-S^uard  attributes  the  cessation  of  the'  Heart's  action  on 
irritation  of  the  Pnenmogastrics  to  a  sudden  contraction  of  the  minute  vessels  of  the 
Heart,  produced  by  the  excitation  of  the  vasomotor  nerves,  which  he  believes  to  be  con* 
tained  in  the  Pneumogastric  trunks  :  but  this  effect  can  be  produced  in  the  Frog,  and 
aooording  to  HyrtI,  there  are  no  vessels  in  the  sabstance  of  the  heart  of  that  animal  I 
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commiinlciiied  to  them  when  the  stomfich  la  full^  than  when  it  is  ^iBpty), 
mny  cause  tlte  imuiediate  c^^ssation  of  the  Heiirt^a  action,  in  the  same 
mimner  as  a  eevere  injury  of  tlie  Bruin  or  Spinal  Cord.  And  a  case  baa 
hoQn  put  oa  record ^  in  wlncli  tLe  heiirt^s  pulsations  were  occaaoually 
checked  for  an  interval  of  txom  4  to  G  beats,  its  cessation  of  action  giving 
rise  to  tlie  most  fearfid  sens^itiona  of  anxiety,  and  to  acute  pain  pasBiog' 
up  to  the  iiead  from  both  aides  of  the  chesty — these  aymptoms  beipg  ooo^ 
nected}  as  appeared  on  a  post-mortem  examinatioiij  with  the  pressure 
an  enlarged  broncliial  ghLnd  upon  the  great  cardiac  nerve** 

217,  When  the  Heart  ia  exposed  in  a  living  animal,  and  ita  movements 
are  attentively  watched,  they  are  seen  to  follow  each  other  with  great 
regularity.  In  an  active  and  vigorous  state  of  the  circulation,  however, 
^jey  are  so  hnked  togetlierj  that  it  is  not  easy  to  distinguish  them  into 
periods ;  both  Aio-iclea  contractmg,  and  also  dilating^  simultaneouisly ; 
and  both  Ventricles  doing  the  same.  The  st^stole  or  contraction  of  the 
Ventricles  corresponds  with  the  projection  of  blood  into  the  arteriea; 
whilst  the  diastoh  or  dilatation  of  the  Ventricles  coincides  with  the 
collapse  of  the  arteries.  The  contraction  of  the  VentricloBj  and  tliat  of 
the  Auricles,  alternate  with  one  another;  each  taking  pkce  (tor  the 
most  i^rt,  at  least,)  during  tlie  dilatation  of  the  other*  The  entire 
period  that  intervener  between  one  pulsation  and  another,  is  nearly 
equally  divided  between  the  systole  and  diastole  of  the  Ventricles,  but 
the  division  ie  very  unequal  as  regards  the  Auricles;  scarcely  more  tlian 
one-eightli  of  the  whole  being  occupied  in  their  contraction,  and  the 
remainder  being  taken-up  by  their  dilatation.  The  following  tabuhir 
view  will  i>erhaps  nmko  the  relations  of '  the  several  parts  of  this  seriee 
more  intelligible : — 

^  (  Coatiai^eEl  DUatatiotU  First  stAgie  of  Dil&tati<iQ^     \  i 

I    Coutrmctloa,  S«ouad  ita^  of  Dilatntioo.  (  ^ 

"  When  the  Auricle  ia  about  to  inject  the  Ventricle,  the  latter  ia  empty 
and  contracted,  %Yith  its  (hstal  or  ventricido-artoriiil  valves  tirmly  si  nit 
down  by  the  pressure  of  the  blood  ii]x)n  tJieir  up}X*r  but  faces,  Imme- 
diately upon  the  contraction  of  the  Auricle,  its  ccntaijied  blood  passes 
into  ( (listen ding  and  lengthening)  the  Ventricle ;  and  the  force  which  it 
transmits  not  being  sufficient  to  overcome  the  arterial  pressure  and 
weight  of  blood  upon  the  upper  or  arterial  surface  ol'  the  Bemilunar  valves, 
is  expended  in  distending  the  Ventricle  and  closing  the  auriGulo- ventricular 
valve,  wHch  then  forms  one  of  the  walls  of  the  Ventricle,  To  this  suc- 
ceeds the  ventricular  contraction :  the  auriculo-ventricukr  vjdve  being 
ahneady  closed,  now  becomes  tense,  the  pressure  in  the  ventricle  over- J 
oomea  that  in  the  artery,  and  the  semilunar  valves  are  raised. **f  During 
their  contraction  the  form  of  the  Ventricles  undergoes  a  veiy  marked 

*  «*Mmier*a  Arduv,*'  1841,  Mfc  iiL;  and  *'  Brit,  and  F<»r.  MetU  Rev.^^^Oct.  1S41.— 
It  mjkf  be  Eiurmifi«ti  Umt  m  ma»j  c&oes  of  angina  pecttjriSf  m  wiilob  uo  Ic^loa  wiequ&ta 
to  iK!<Kmiit  for  df^tlv  could  be  disco verod,  some  oieaticm  of  th«  cudiAC  plexua  might 
have  b?t*a  Irat'LHl  cju  mure  careful  exAmioAtion. 

t  See  thtf  iimtruiitive  papers  by  Dr,  Unlfitnl,  uow  Prof,  of  Phyatology  at  tbe  Univ* 
of  Melbourne^  '*  On  ti»e  Titoea  rvud  Manaur  of  th«  Closurti  of  iLe  AnricuJo^VeuLricutur 
Valvgu^**  and  *'  Ou  lie  Mavtnujata  «ktid  &>iiiida  of  tlio  HeaxU"  Loud.,  1S01, 
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change,  the  apex  of  lihe  Heart  being  drawn  up  towards  its  base,  and  its 
whole  shape  becoming  much  more  globular.  Contrary  to  what  might  be 
expected,  however,  the  apex,  and  not  the  base,  is  the  part  which  undergoes 
least  change  of  position  during  the  systole  of  the  Ventricles,  and  this  appears 
to  be  due  to  the  circumstance  that  the  upward  movement  of  the  apex 
effected  by  the  shortening  of  the  Ventricles  during  contraction,  is  neutra- 
lized by  the  descent  of  the  whole  heart  occasioned  by  the  elastic  recoil  of 
the  great  vessels  springing  from  the  base.  Indeed,  Uiere  is  a  slight  over- 
compensation, the  apex  being  actually  pressed  downwards,  and  its  extre- 
mity directed  backwards  and  from  right  to 
left.    When  the  Ventricles  contract  they  are  pj^  44 

clearly  seen  to  descend,  whilst  the  pericar- 
dial portions  of  the  aorta  and  pulmonary  ~ 
artery  become  suddenly  greatly  elongated 
and  distended. — The  impulse  is  felt  over 
every  part  of  the  Ventricles  during  their 
contraction,  but  most  forcibly  over  their 
centre.  The  impulse  against  the  ribs  is  most 
probably  given  by  the  fibres  just  above  the 
apex.  The  recent  experiments  of  MM. 
Oiauveau  and  Marcy,*  with  a  peculiar  form 

of   Sphygmograph   in  which   levers  of  ex-  Tracing  obtained  by  the  Sphymnograph 

treme  lightaess  register  the  undulations  of       ^^  ^^'  ^"^"*"  ^^  ^'''^^• 
the  air  contained  in  elastic  sacs  appHed  to  Jd^SiVt'^tf^kH^^^^^^ 
the  surfece  of  the  Heart  and  Thorax,  show  which  imm^iateiy  precedes  the  more 
,       ,       ^,  -I     1        .  •  i.    1       energetic  and  pretracted  contraction  of 

dearly    the   sequence  and    duration  of  the  the  ventricles,  represented  by  the  line 

moTcmente  of  the  Auricles  and  Ventricles,  SJ2i',Sr~indCt'wiS?Srv»«! 
and  the  coincidence  of  the  impulse  with  the  ooiar  contraction, 
contraction  of  the  Ventricles  (Fig.  44). 

218.  The  course  of  the  circulating  fluid  through  the  Heart,  and  the 
action  of  its  different  valves,  will  now  be  briefly  described. — The  Venous 
blood,  which  is  returned  by  the  ascending  and  descending  Vena  Cava, 
enters  the  right  Amricle  during  its  diastole,  on  the  contraction  of  which  it 
is  propelled  through  the  tricuspid  valves  into  the  Ventricle,  which  thus 
becomes  completely  distended.  The  reflux  of  blood  into  the  veins  during 
the  auricular  systole,  is  impeded  by  the  contraction  of  their  own  walls, 
and  is  limited  on  the  right  side  by  the  valves  placed  at  the  junction  of 
the  jugular  and  subclavian  veins ;  but  these  valves  are  so  formed  as  not 
to  close  accurately,  especially  when  the  tubes  are  distended ;  so  that  a 
BDiall  amount  of  reflux  usually  takes  place,  and  this  is  much  increased 
vhen  there  is  any  obstruction  to  the  pulmonary  circulation.  Whilst  the 
right  Ventricle  is  contracting  upon  the  blood  that  has  entered  it,  the 
camecB  columncB,  which  contract  simidtaneously  with  its  proper  walls,  put 
the  chordcB  tendinecB  upon  the  stretch,  preventing  the  flaps  of  the  Tricuspid 
valve  from  being  driven  back  into  the  auriciilar  cavity.  The  blood  is 
now  expelled  by  the  ventricular  systole  into  the  Pulmonary  artery,  which 
it  distends,  passing  freely  through  its  Semilunar  valves ;  but  as  soon  as 
the  vU  a  tergo  ceases,  and  reflux  might  take  place  by  the  elastic  recoil  of 
the  arterial  walls,  the  valves  are  filled  out  by  the  backward  tendency  of 

*  **  ADsal.  dee  Scten.  Nat.,"  4th  s^r.  Zool.,  torn.  xrii.  p.  874;  and  '*M6in.  de  la  Soc. 
de  BioU,"  S^r.  iii.  tom.  iii.  pt^  ii.  1862,  p.  1. 
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the  bloocl,  fmd  completelj  clieck  the  return  of  any  j:*ortioTi  of  it  into  Ike 
ventricle.  The  blood,  ai^er  liiiving  circulated  through  the  Imigg,  retuma 
ae  Artennl  blood,  by  the  Pulmonary  Yems,  to  the  left  Auricle ;  whence 
it  paBi?es  through  the  Mitral  yalve  into  the  ieft  Ventricle,  mad  thence  into 
the  Aorta  through  its  Semilunar  Talvea, — in  the  same  manner  with  that 
on  the  other  sidei  as  juat  desmbed, 

219,  There  are,  however,  some  important  differenoes  in  the  stmcture 
and  functional  actions  of  the  two  di^'iaions  of  the  Heart,  which  should 
be  here  adverted-to, — The  walli  of  tlie  left  Ventricle  are  oonsidenibly 
thicker  than  those  of  the  rifiht ;  and  its  force  of  contraction  is  much 
gpeateT.  The  following  are  tlie  comparative  results  of  M,  Bizet's  meaeure- 
mentsj*  taking  the  average  of  Males  ftom  16  to  79  years: — 

B(ii€.  Middle  Apix. 

Left  VeDtricIe  ,    .     .    4^    Vmm  6|  linM  3|    linM. 

Elghi  Ventricle    .    >    lf|  lines  If  lines  I^  lines. 

In  til e  Eeraa!e,  tlie  average  thicfcuesa  ia  somewhat  less*  It  will  be 
that  the  jxiiiit  of  greatest  thickness  in  the  left  Ventricle  ii  near 
middle;  while  in  tlie  njftf,  it  is  nearer  the  base.  The  thickness  of 
former  goea^oii  increasing  during  all  periods  of  life,  from  youth  to  ad- 
Tanced  agej  w^Mlst  that  of  the  latter  is  nearly  stationary*  During 
pregnancy  there  is  an  hypertrophy  of  the  left  Ventricle  to  the  e^ctent  of 
l-4th  or  even  l-3rd  of  the  original  thickness  of  its  walJs^f  The  Irffi 
Auricle  is  somewhat  thicker  than  tlie  right ;  the  average  thickness  of  tie 
former  being,  according  to  Bomllaud,  a  line  and  a  half  j  wliiist  that  of 
the  latter  is  only  a  line*  In  regard  to  the  relative  capacities  of  the  right 
and  leii  cavities,  much  difterence  of  opinion  has  prevailed.  The  rt^hi 
Auricle  is  generally  allowed  to  be  M>niewhat  more  capacious  than  the 
tf/l  j'  and  the  same  is  commonly  taught  of  tiie  right  Ventricle.  So  much 
ikUacy  may  arise,  howeverj  from  the  peculiar  condition  of  the  animal  at 
ilte  moment  of  death,  that  this  is  cot  easily  proved,  and  is  uideed  by  no 
m«Kin8  eertidn.-— The  average  capacity  of  the  cavities  may  be  estimated, 
in  the  full -sized  Heart,  at  about  four  to  five  ounces. — There  is  a  well- 
known  anatomical  difference  between  tihe  anriculo-ventricular  valves  on 
the  two  sides,  which  has  given  rise  to  the  diversity  of  name ;  and  thia 
seeniB,  ^om  the  res^rches  of  Mr,  King,  J  to  be  conaecfced  with  an  im- 
portant functJOfial  difference.  The  Mitral  valve  closes  much  more  per- 
fectly than  the  Tricuspid ;  and  the  latter  is  so  constructed  as  to  allow  of 
considerable  reflux,  whm  the  cavities  are  greatly  distended.  Many 
occasional  causes  tend  to  produce  an  accumulatioii  of  blood  in  the  venous 
system,  and  in  the  right  side  of  the  Heart  \  thiia,  any  obstruction  to  tbe 
pulmonary  circulation,  cold,  comprcsaou  of  the  venous  s}''Stem  by  mus- 
cular action,  d'C^,  are  kno\^^  to  tavour  such  a  condition*  This  is  a  state 
of  peculim"  danger,  from  a  hability  which  over-distension  of  the  Ventri* 
cular  cavity  has,  to  produce  a  state  of  muscular  paralysis;  and  in  the 
structure  of  the  Heart  itself,  there  seems  to  be  a  provision  against  it. 
For,  when  the  ventricle  is  thus  distendetl,  the  Tricuspid  valves  do  not 
close  properly ;  and  a  rdlux  of  blood  is  permitted,  not  only  into  the 
Auricle,  but  alao  (through  the  imperfect  closure  of  their  valves  under  the 

*  **  M^m,  de  la  Soft,  Medm.  d'ObiervntiOTi  de  PariB,"  torn.  i. 

f  Id&rcher,  *' Compter  Bcadue;"  Eczib  and  Meiaaaer,  1857,  p.  457, 

J  **Ghi7*i  Hotpital  R<^portB,*'  toI.  ii. 
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teme  circumstances)  into  the  large  veins.  This  is  proved  by  the  iact, 
several  times  observed  by  Dr.  J.  Reid  in  his  experiments  upon  Asphyxia, 
&C.,  that  when  the  action  of  the  right  ventricle  had  ceased  from  over- 
distension, he  coidd  frequently  re-excite  it,  not  merely  by  puncturing  its 
walls,  but  by  making  an  opening  in  the  jugular  vein.*  This  fact 
evidently  affords  an  indication  of  great  importance  in  the  treatment  of 
Asphyxia ;  and  it  explains  the  reflux  of  blood,  or  venous  pulse,  which 
is  frequently  observed  in  cases  of  pulmonary  disease,  and  which,  accord- 
ing to  Mr.  King,  always  exists  even  in  health,  though  in  a  less  striking 
degree. 

220.  When  the  ear  is  applied  over  the  cardiac  r^on,  during  the 
natural  movements  of  the  Heart,  two  successive  sounds  are  heard,  each 
pair  of  which  corresponds  with  one  pulsation  ;  there  is  also  an  interval 
of  silence  between  each  recurrence,  and  the  sound  that  immediately 
follows  this  interval  is  known  as  the^r^^  sound,  the  other  as  the  second. 
— The  first  sound  is  dull  and  prolonged;  it  is  evidently  synchronous 
with  the  impulse  of  the  Heart  against  &e  parietes  of  the  chest,  and  also 
with  the  pulse,  as  felt  near  the  heart ;  it  must,  therefore,  be  produced 
during  the  Ventricular  Systole. — The  second  sound,  which  is  short  and 
Bharp,f  follows  so  immediately  upon  the  conclusion  of  the  first,  that  it 
cannot  take  place  during  the  auricular  systole  as  some  have  supposed, 
but  must  be  assigned  to  the  first  stage  of  the  ventricular  diastole,  when 
the  auricles  also  are  dilating. — With  regard  to  the  relative  duration  of 
the  tuH)  sounds,  and  of  the  interval,  widely  different  estimates  have  been 
formed.  Thus  Laennec  considered  the  lengths  of  the  periods  of  sound 
and  silence  to  be  respectively  3-4 ths  and  l-4th  of  the  whole  interval 
between  one  pulse  and  anoUier ;  by  Dr.  Williams,  and  by  Barth  and 
Roger,  the  relative  lengths  of  these  periods  have  been  estimated  at  2-3rds 
and  l-3rd ;  whilst  the  recent  experiments  of  Yolkmann^  (made  by  ad- 
justing two  pendulums  to  vibrate  precisely  in  the  two  periods)  indicate 
that  they  are  almost  precisely  eqiial. 

221.  The  causes  of  these  Sounds,  and  more  especially  of  the  first,  have 
been  the  subjects  of  much  discussion.  A  number  of  very  distinct  actions 
are  taking-place  during  the  period  of  the  production  of  the  latter ;  and 
each  of  these  has  been  separately  fixed-on  as  competent  to  produce  it. 
Thus  we  have  (1)  the  impulse  of  the  heart  against  the  parietes  of  the 
chest ;  (2)  the  contraction  of  the  muscular  walls  of  the  ventricles ;  (3) 
the  rush  of  blood  through  the  narrowed  orifices  of  the  aorta  and  pul- 
monary artery ;  (4)  the  general  molecular  collision  of  the  particles  of  the 
blood  amongst  each  other,  and  their  friction  against  the  walls  of  the  ven- 
tricles ;  (5)  the  sudden  collision  of  the  stream  of  blood  issuing  from  the 
ventricles  with  the  column  of  blood  at  rest  on  the  semilunar  valves  of 
the  aorta  and  pulmonary  artery ;  and  (6)  the  sudden  tension  of  the  valves 
of  the  auriculo-ventriciilar  orifices.  An  experiment  made  by  Dr.  Halford 
permits  the  first  two  of  the  above-mentioned  causes  to  be  at  once  dis- 
missed. A  large  dog  was  chloroformed,  and  the  heart  being  exposed, 
its  movements  were  maintained  by  artificial  respiration.     In  this  state, 

*  ''FhysioL,  Anatom.,  and  Pathol.  Reaearchet,"  chap.  iii. 

f  The  difference  between  these  two  sounds  is  well  expressed  (as  Dr.  C.  J.  B.  Williams 
has  remarked)  bj  articulating  the  syllables  lubb,  d&p. 
t  "  Die  Hamodynaroik,  nac]|  Yersuchen,"  p.  864. 


224 


DF   TTTTv   CIBCCTLATIOK   OF  THE   BLC»OD. 


the  soiinda  lieing  plaibly  audible,  the  superior  and  inferior  Tenn?  caviE, 
and  the  pulmonary  veins  were  suddenly  compres3<?d,  bo  that  the  ctuTeiit 
of  blood  into  both  ventricles  was  arrested ;  *'  the  heart  contimiiug  its 
action,  a  stethoscope  waa  again  applied,  wheu  neither  first  nor  second 
Bound  was  heard ;  after  a  short  6i>ace  of  time  the  veins  were  allowed  to 
pour  their  contents  into  both  sides  of  the  heart,  and  both  aouods  were 
inBtantly  reproduced.  The  veins  being  again  compressed,  all  sound  was 
extinguished,  notwithstanding  that  the  heart  contracted  vigorously/'  In 
regard  to  the  third,  fourth,  and  Mb  causes,  it  has  been  well  remarkod,*  thf»t 
as  regards  the  ttiird,  there  is  no  abrupt  contraction  of  the  passages  tlirough 
which  the  blood  Hows  from  ventricles  to  vesddi ;  and  it  may  be  adtled, 
that  there  woidd  be  no  sound  if  there  were ;  sound  being  oidy  produced 
at  that  point  in  a  vessel  conveying  a  stream  of  fluid,  when  a  audden 
enlargement  occurs.  In  regard  to  the  fourth  cause,  it  is  a  sufiicient 
answer  to  this  view,  iJmt  during  other  periods  of  the  heart's  rhythm, 
such  collision  produces  no  sound  as  in  tlie  passage  of  the  blood  from  the 
auricles  to  the  ventricles ;  and  in  reference  to  the  fifth  cause,  which  \iim 
been  ably  advocated  by  Dr,  Leared^  it  appears  from  Dr.  Halfbrd*s  exjie- 
riments,  that  at  the  moment  when  the  systole  of  the  ventricle  is  about  to 
tike  place,  the  active  and  passive  columns  of  blood,  or  those  below  and 
upon  the  semilunar  valves,  are  not  separat-ed  by  any  space  ;  that  there  is 
no  proptilsion  of  the  !>Iood  from  a  distance  against  the  passive  cohmin, 
but  that  wheu  the  ventricles  contract,  the  fluid  jiushes  open  tlie  %*alveJ» 
and  commtmicates  its  force  to  the  column  in  the  vessels,  a  circumstance 
which  does  not  appear  likely  to  be  accompanied  by  much  if  any  sound. 
We  are,  therefore,  reduced  to  the  single  cause  of  the  sudden  tension  of 
the  fluriculo-ventricidar  Vfdves ;  and  this  there  appears  every  reason  to 
believe,  as  has  long  been  held  by  Dr.  Billing  f  and  Dr.  Halford,  to  be  the 
esaential  cause  of  the  first  sound.  At  the  same  time  it  must  be  admitted 
that  very  bigli  authorities  have  adduced  strong  evidence  in  iavour  of  tlie 
second  and  third  of  the  above-mentioned  causes;  and  that  these,  conse- 
quently, may  aid  in  its  production. 

222.  That  the  second  sound  is  produced  in  the  act  of  closure  of  the 
Semilunar  valves,  is  now  almost  unirersfdly  admitted ;  the  simple  hook- 
ing-back  one  of  these  valves  by  a  cur\^ed  needle  against  the  side  of  the 
artery,  so  as  to  permit  a  refiux  of  blood  into  the  rentricle,  being  suiHcient 
to  suppress  this  sound  altogether*  Whether  it  proceeds  from  tlie  tension 
of  the  valves  themselves,  or  from  the  recoil  of  the  blood  against  them,  or 
from  both  causes  combinefl,  has  not  been  clearly  determineil ;  probiib! y 
the  laiJt  is  the  true  account  of  it. — When  the  first  soimd  is  altered  by  dis- 
ease of  the  semilunar  valves,  occjisioning  obstruction  to  the  exit  of  blood, 
the  second  sound  also  is  aifect-ed  in  its  character  ,  and  Lf  the  disease  be  of 
such  a  kind  lis  to  prevent  these  valves  from  effect nally  closing,  a  reflux  of 
blood  takes  place  into  the  ventricle  at  the  time  of  its  diastole-,  causing  a 
rushing  sound  tliat  is  analogous  to  the  ordinary  first  soimd,  or  to  some  of 
its  modifications.  Thus  the  second  sound  may  come  to  acquire  so  com- 
pletely the  character  of  the  first,  tliat  it  is  difficult  to  distinguish  the  two 
in  any  other  way,  than  by  the  synchronousness  of  the  first  with  the 
heart's  stroke  and  with  the  pulse  in  the  arteries.} 

•  Bj  *  writer  jrv  the  '*  Med.-Cliir.  Eer./*  April,  1860,  p.  354. 

t  **  Priodples  of  MeiUeidc."  4 

$  On  tbo  stibject  of  the  Siiund^  cif  the  Hearty  the  Tarioat  trealim^  on  Anicaltatlou  and 
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223.  There  seems  adequate  reason  to  believe  that  the  whole,  or  very 
nearly  the  whole,  of  the  blood  contained  in  the  Ventricles,  is  discharged 
from  them  at  each  systole ;  for  the  left  ventricle  is  very  frequently  found 
quite  empty  after  death ;  and  if  a  transverse  section  be  made  through  the 
heart,  when  in  a  state  of  well-marked  rigor  mortis  (which  may  be  con- 
sidered as  representing  its  ordinary  state  of  complete  contraction),  the  ven- 
tricular cavity  is  foimd  to  be  entirely  obliterated.*  The  total  quantity 
discharged  from  either  ventricle  of  tiie  Human  heart  at  each  systole,  is 
estimated  by  Valentin  at  5*3  oz.,  by  Volkmann  at  6*2  oz.,  and  by  Vierordt 
at  6*3  oz. ;  but  these  amounts  are  deduced  from  calculation  of  the  (sup- 
posed) total  of  the  blood,  divided  by  the  estimated  duration  of  its  passage 
through  the  heart,  rather  than  from  actual  admeasurement.  The  time 
occupied  by  the  Blood  in  making  an  entire  circuit  of  the  body  was 
attempted  to  be  ascertained  by  Hering,  f  by  introducing  prussiate  of  potass 
into  one  part  of  the  system,  and  drawing  blood  from  another.  He  states 
that  he  detected  this  salt  in  blood  drawn  from  one  of  the  jugular  veins  of 
the  Horse  in  about  30  seconds  after  it  had  been  introduced  into  the  other ; 
in  which  brief  space  the  blood  must  have  been  received  by  the  heart, 
have  been  transmitted  through  the  lungs,  have  retiumed  to  the  heart 
again,  have  been  sent  through  the  carotid  artery,  and  have  traversed  its 
capillaries.  These  experiments  have  been  frilly  confirmed  by  those  of 
Poiflseuille,^  and  of  Mr.  Blake,  §  who  found  that  a  solution  of  nitrate  of 
baryta  injected  into  the  jugular  vein  of  a  horse  appeared  in  the  blood  of 
the  carotid  artery  of  the  opposite  side  after  an  interval  of  15  seconds. 
The  same  inquiry  has  been  pmrsued,  with  improved  means,  by  Vierordt.  || 
This  observer  affixed  a  number  of  small  cups  to  a  drum  which  was  made 
to  rotate  at  a  certain  velocity  in  front  of  the  opened  vein ;  analyses  of  the 
contents  of  the  several  vessels  enabled  him  to  ascertain  with  great  accuracy 
the  moment  at  which  the  salt  injected  made  its  appearance.  In  this  way 
he  determined  the  number  of  seconds  occupied  by  the  blood  in  perform- 
ing one  entire  revolution  to  be,  in  Squirrels  4*39,  in  Cats  6*69,  in  the 
Hedgehog  7*61,  in  Rabbits  779,  in  the  Dog  167,  in  the  Cock  5-17,  in 
the  Duck  10*64,  and  in  the  Goose  10*86.  He  estimates  the  period  in  Man 
at  23*1  seconds  (during  which  there  are  28  beats  of  the  heart),  of  which 
2  seconds  at  most  are  occupied  in  traversing  the  larger  arteries,  2^  to  3 
seconds  in  passing  through  tiie  smaller  arteries,  3  seconds  for  the  capillaries, 
and  4  or  5  seconds  for  the  venous  system,  which  numbers  must  be  multi- 
plied by  2  for  the  two  circulations.  Moreover,  the  coincidence  between 
the  cessation  of  the  Heart's  action,  and  the  difEusion  of  the  salt  through 
the  arterial  blood,  bear  a  striking  correftpondence ;  and  it  may  be  hence 
inferred,  that  the  arrestment  of  its  muscular  movement  is  due  to  the  effect 
of  this  agent  upon  its  tissue,  when  immediately  operating  upon  it,  through 
the  capillaries  of  the  coronary  artery. — This  conclusion  is  borne-out 

on  Diieasefl  of  the  Heart,  by  Williams,  BlakiBton,  Hughes,  Walshe,  Daries,  Bellingham, 
Stokes,  Skoda,  Barth  and  Roger,  Weber,  and  others,  may  be  advantageously  consulted ; 
■ee  also  the  account  of  Hamemjk's  investigations  in  the  '*Evlin.  Monthly  Journal," 
Jan.,  1849;  and  those  of  Eiwisch  in  the  **firit.  and  For.  Med.-Gbir.  Rev./'  April, 
1852. 

*  Kirkes  and  Paget*s  **  Handbook  of  Physiology,"  2nd  edit,  p.  80. 

t  **  Tiedemann's  Zeitschrift,"  yoL  iii.  p.  85. 

X  "  AnnaL  des  Sciences  Nat.,**  1848,  Zool.  t  xix.  p.  32. 

§  *<  Edin.  Med.  and  Surg.  Journal,**  Oct,  1841. 

n  See  his  <'  Fhysiologie  des  Menschen,**  1861,  p.  111. 
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hy  a  varietj  of  other  e^qjcrimeats ;  which  show  that  the  time  of  the  agiBTicy  of 
other  poiHona  tliat  Buddenl  j  check  the  hearths  action  (which  is  the  especial 
propel^  of  mineral  poisona),  nearly  ooincidea,  in  different  animals,  with 
that  wliich  is  Tcquired  to  convey  them  into  the  arterial  capillaries*  And 
it  seems  to  derive  full  contirmation  &om  the  fact,  that  poiBoni  which  act 
locally  on  other  parts,  give  the  first  indieationa  of  their  operation  in  the 
same  period  after  they  have  been  introduced  into  the  venous  circulation* 
Thim,  in  the  Horse,  the  time  that  ia  required  ibr  the  blood  to  peas  fix>ni 
the  jugular  vein  i&to  the  capillary  terminationB  of  the  coronary  arteries,  is 
16  seconds,  as  is  shown  by  the  power  of  nitrate  of  potaas  to  arrest  the 
heart's  action  within  that  time ;  and  nitrate  of  strychnia,  injected  into  a 
vein,  gave  the  first  manlfaatation  of  its  action  on  the  Spinal  Cord  in  pre- 
cisely the  same  number  of  seconds.  In  the  Dog,  the  hearths  action  was 
arrested  by  die  nitrate  of  potass  in  11  or  12  seconds ;  and  the  tetanic 
convulsions  occasioned  by  strychnia  also  commenced  in  1 2  seconds*  la 
the  Fowl,  the  former  |:jeriod  was  6  seconds,  and  the  latter  6  J ;  in  the 
Babbit,  the  first  was  4,  and  the  other  4^  seconds. — From  soch  experiments, 
it  seems  evident  that  the  rapidity  of  the  Circidation  is  imderrated,  in  any 
estimate  that  we  found  upon  the  capacity  of  the  Heart,  and  its  number  of 
pidsations  in  a  given  time ;  and  it  is  difficult  to  see  bow  the  two  sets  of 
facta  are  to  be  reconciled.  According  to  Uering,  the  rapidity  of  the 
circulation  diminishes  with  age  ;  and  Yierordt  has  shown  that  with 
increased  frequency  of  the  hearth's  action,  there  is  in  general  an  increased 
rapidity  of  the  circulation,  at  least  in  the  higher  Vertebrata.  Stili  it  by 
no  means  foUows  tliat  an  increase  in  the  frequency  of  the  heart's  action  in 
a  particular  animal  should  be  always  accompanied  by  an  increased  rapidity 
in  tlie  current  of  the  cLrculatioa ;  in  point  of  fact,  the  experiments  of 
Hering*  show  tliat,  in  the  Dog  and  Horse,  when  inflammatory  or  febrile 
conditions,  such  as  PerlcarditiSj  were  set  up,  a  much  longer  period  is  occu- 
pied in  the  passage  of  the  blood  than  before. 

224.  Tlie  number  of  contractions  of  the  Heart  in  a  given  time  is  liable 
to  great  variation,  within  the  limits  of  ordinary  health,  from  several  i 
the  chief  of  these  are  diversities  of  Age,  of  Sex,  of  Stature,  of  Mu 
exertion,  of  the  condition  of  the  Mind,  of  the  state  of  the  DlgesfiT 
■ysfcem,  and  of  the  Period  of  the  day. 

a.  Putting  aside  the  other  c^usee  of  uncertainty,  the  following  table 
may  be  regarded  as  an  approidmation  to  the  average  firequency  of  the 
Pulse,  at  the  several  Affes  speci£ed  in  it,  taking  equal  numbers  of  Males 
and  Females. 


is  liable 
lcaiisa|H 

luscub^H 

>igesti^^ 


In  tlie  f<£tii«  In  aiero  , 
He^^ty-bom  inf&nt 
D tiring  th€  ]at  year    , 
During  the  2nd  jew  , 
Dariag  the  3rd  year   . 


WJtl 

n  rmm  irtntrrs.  i 

.    <    no 

—  150 

130 

—  140 

lU 

—  ISO 

IDO 

—  115 

95 

^105 

fiiAm  FIB  Munrrv, 
From  the  7th  t^  the  14th  jear  .  SO  —  BO 
Pn>m  ihe  llth  to  tlte  21»t  jear  75  —  35 
From  tbe  2Ut  to  the  @0th  ye&r  TO  —  75 
Old flget  ......     .    75  —  80 


ft.  The  difference  caused  by  Sex  appears  from  the  inquiriea  of  Dr. 


*  *' Awbk  r,  PLjB,  Heiit,/*  1853,  t.  xiL  p.  133. 

t  The  rue  In  ihe  avent^  fre<]aea0y  of  the  pulae  ia  vary  adiraaoed  life*  eontmr;  to  the 
pE^valent  nD^on,  has  been  determinoil  by  th«  ob^rvatioiui  of  Lcurei  aad  Miiivi^  (^^Deln 
Fr^Qeaoe  des  Ponls  ohet  lea  AJi^n^s"),  Dr.  Peuoock  ('*Amer.  Joum,  qfMed*  Sd.,'* 
Julj,  1817),  and  Prof.  Yolkmuin  (Op.  dt.,  p.  427). 
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Guy,*  to  be  such,  that  the  pulse  of  the  adult  Female  is  more  frequent 
thain  the  pulse  of  the  adult  Male,  at  the  same  mean  age,  by  from  10  to  14 
beats  in  a  minute. 

c.  The  influence  of  Stature  is  affirmed  by  Volkmann  to  be  tolerably  well 
defined.f  The  pulse  being  ccsteris  paribus  less  frequent  as  the  stature  is 
greater;  so  that  if  the  pulse  of  a  man  of  5^  feet  high  were  70  per  minute, 
that  of  a  man  of  6  feet  would  be  66*7,  and  that  of  a  man  of  5  feet,  73-8. 

d.  The  effect  oi  Muscular  Exertion  in  raising  the  pulse  is  well  known ; 
as  is  also  the  &ct,  which  is  one  exemplification  of  it,  that  the  pulse  varies 
considerably  with  the  posture  of  the  body.  The  amount  of  this  variation 
has  been  made  the  subject  of  extensive  inquiry  by  Dr.  Guy ;  and  the 
following  are  his  results.  In  100  healthy  Males,  of  the  mean  age  of  27 
years,  in  a  state  of  rest,  the  difference  between  standing  and  sitting  was 
10  beats,  or  about  l-8th  of  the  whole  number  of  beats  per  minute ;  the 
difierenoe  between  sitting  and  lying  was  5  beats,  or  1-1 3th  of  the  whole ; 
and  the  difference  between  standing  and  lying  was  15  beats,  or  l-5th  of 
the  whole.  In  50  healthy  Females  of  the  same  mean  age,  the  difference 
between  standing  and  sitting  was  7  beats,  or  l-13th  of  the  whole ;  that 
between  sitting  and  lying  was  4,  or  l-21th  of  the  whole ;  and  that  between 
standing  and  lying  was  11,  or  l-8th  of  the  whole.  Dr.  Ed.  Smith  has 
made  similar  and  very  extended  observations  on  Adults  in  Phthisis  and 
(m  Children  in  health ;  and  conjoined  with  them  the  influence  of  period  of 
tiie  day.  He  found  in  Phlihisis,  at  8  a.m.,  the  increase,  on  assuming  the 
sitting  and  standing  postures,  was  in  each  case  10  pulsations  per  minute, 
bat  at  4  p.m.  it  was  reduced  to  7,  and  on  the  whole  average  there  was  an 
increase  of  8^  pulsations  in  each  posture.  In  healthy  Children,  at  8  a.m., 
12  (noon),  5  p.m.,  and  8  p.m.,  tJie  increase  in  the  sitting  posture  was 
12 : 9 :  7*3 :  3*5  pidsations,  whilst  in  the  standing  posture  it  was  27 :  14*6 : 
12:10  pulsations  per  minute:  results  which  seemed  to  show  that 'the 
irritability  of  the  Heart,  augmented  by  the  rest  and  quiescence  of  sleep, 
undergoes  a  gradual  diminution  through  the  day.  In  both  sexes,  the 
effect  produced  by  change  of  posture  increases  with  the  usual  frequency 
of  the  pulse,  whilst  the  exceptions  to  the  general  rule  are  more  numerous, 
as  the  pulse  is  less  frequent.  The  variation  is  temporarily  increased  by 
the  muscular  effort,  involved  in  the  absolute  change  of  the  posture ;  and 
it  is  only  by  the  use  of  a  revolving  board,  by  which  the  position  of  the 
body  can  be  altered,  without  any  exertion  on  the  part  of  the  subject  of 
the  observation,  that  correct  results  can  be  obtained.  That  the  difference 
between  standing  and  sitting  should  be  greater  than  that  between  sitting 
and  lying,  is  just  what  we  should  expect,  when  we  compare  the  amoimt 
of  muscular  effort  required  in  the  maintenance  of  the  two  former  positions 
respectively.  It  is  stated  by  Lichtenfels  and  Frohlich  that  the  alternate 
contraction  and  relaxation  of  any  set  of  muscles  has  a  much  greater  effect 
than  their  simple  tonic  contraction  in  increasing  the  action  of  the  heart.^ 

*  '^Gny'B  Hospital  B«port8,*'  vol.  ill  p.  312  ;  and  "Cyclop,  of  Aoat.  and  PbTsiol.," 
voL  ir.,  Art.  'Pulse.* 

f  With  his  usual  zeal  for  /ormu^onza/um,  Volkmann  expresses  this  ratio,  as  deduced 
from  a  large  number  of  obserrations,  by  the  ratio  p  :  i^ =h!% :  h\  {j^  being  the  rate  of  the 
pulse,  and  h  the  height  of  the  body) ;  or,  in  other  words,  the  ratio  is  that  of  the  nifUk 
root  of  the  fifth  power  of  the  height. — Surely  this  is  riding  a  hobby  to  the  death. 

X  **Denk.  d.  luus.  Akad.  d.  Wissens.  zu  Wien,"  1852,  t.  iiL  pt.  ii.  p.  149. 
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e.  The  pulae  ia  well  known  to  l>e  miuih  iiccelenited  by  3lental  Excite^ 
m&nt^  especiiiUy  by  that  of  the  Emotions ;  it  ia  alao  quicker  during 
Digestmn.  The  ingestion  of  wmrm  fo<:>d  produces  tliis  effect  much  more 
quickly  than  cold;  and  aceording  to  Budge,*  whilst  animal  food  miaea 
the  frequency  of  the  pulae  more  quickly  than  vegetable,  the  effect  of 
the  latter  is  much  greater  and  more  permanent.  Licbtenfels  and 
Fruhlich  found  that,  an  hour  and  a  half  aflet  breakfast,  the  pulse  was  13 
bejits  per  minute  quicker  than  before,  whilst  there  waa  only  an  in- 
crease of  9  beats  an  hour  atler  dinner.  The  pulse  was  leas  frequent 
iu  vegetarians,  however,  than  in  those  who  fed  on  ajiimal  (Het,  and 
was  probably  less  eneTgetic,  T])o  ingestion  of  large  quantitiei  of 
water  diminiabed  tJie  frequency  of  the  pulse  (Booker).  Dr.  Ed,  Smith 
afioertamed  the  rate  at  each  hour  of  the  24  hoiir^  for  3  days  Buecesiiyely 
in  health,  «nd  for  bix  days  in  Phthi&ia.  He  found  tliat  it  was  never 
Btiitionary,  but  that  there  was  a  progressive  increase  after  a  meal  and 
decrease  before  a  meal,  bo  that  there  were  four  maxima  and  ibur  minima 
daily;  The  maxima  occurred  about  two  hours  afl^r  a  meal,  and  were 
the  greatest  after  breaktast  and  after  tea.  The  day  minima  immediately 
preceded  the  meals,  and  all  were  nearly  equal.  The  pulse  invariably  foil 
^ter  9  P.M*,  so  that  supper  produced  but  little  effect ;  and  the  lowest 
point  of  the  24  hours  was  from  8  to  5  a,m.  There  was  an  increase  in 
the  morning  with  sunlight.  The  difference  between  the  maximum  of 
the  day  and  the  minimum  of  the  night  amounted  in  health  to  from  14  to 
34  pulsations^  and  in  Phthisis  to  from  22  to  45  pulsations.  The  increase 
from  that  of  the  night  to  the  breakfast  maxim imi  waa,  on  the  average,  27 
pulsations  in  phthisis.  There  was  a  considerable  increase  in  children 
whilst  eating.  During  a  fast  of  24  hours  the  variation  in  the  rate  was 
small,  but  there  waa  an  increase  during  the  usual  meal  hours  and  au  io^ 
crease  at  night. 

/.  The  pulse  vartes  also  with  the  Senson,  and  Dr.  Ed*  Smith 
ahown  by  daily  experiments  throughout  the  year,  tliat  the  rate  of  pulsa- 
tion is  greater  in  the  Spring  and  Summer  than  in  the  Winter,  both  in  health 
and  Phthisis.  In  experiments  made  upon  Frogs,  Budgef  and  Calliburc^s 
found  that  immersion  of  the  excised  Heart  or  of  tlie  hind  legs  in  warm 
water  increased  the  frequency  of  tlie  pulse ;  tlie  same  result  was  obtained 
after  section  of  tlie  Crural  Nerve%  or  after  poisoning  by  Woorara^  showing 
that  it  was  not  effected  through  the  nervous  ^atem. 

g.  Variations  in  the  pressure  of  the  surrounding  atmosphere  es:ert 
a  certain,  but  not  very  well  ascertained  influence  on  the  frequency 
of  the  Pulse.  Alpine  travellers  are  well  acquainted  with  the  in- 
creased rapidity  of  the  Pulse  which  occurs  on  attaining  great 
heights:  but  tliis  is  probably  in  great  measure  attributable  to  the 
great  muscular  exertion  previously  made.  Salvatore  Tommasi,  how- 
ever, observed  an  increase  of  B  in  the  number  of  his  pidsations^  after 
a  good  night's  rest  in  the  Alpi  di  Susa,  at  an  elevation  of  between  7000 
and  8000  feet.|  Pravaz§  observed  diminution  in  the  frerj^uency  of  the 
puJse  when  the  subject  was  placed  in  an  atmosphere  three  or  four  times 


*  **  PhjsiologiV  18C1,  p.  275.  f  lUd.,  p.  272. 

{  "Ebsjii  8ur  rEmploi  MiSdical  de  TAir  Odmpiimfi/'  1860; 
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more  dense  than  the  air.  Vivenot*  also  observed  this  effect ;  he  noticed 
also  that  the  number  of  Respirations  and  the  quantity  of  perspiration 
diminished,  whilst  the  Urine  was  increased.  Bucquoy,  on  the  other 
handjf  in  an  extensive  series  of  observations,  made  in  a  diving-bell,  in 
which  he  remained  from  two  to  three  hours  at  a  time,  foimd  his  pulse 
imiformly  quicker  under  a  pressure  of  from  two  to  three  atmospheres, 
the  effect  being  most  marked  at  first.  Thus,  at  the  commencement  it 
was  22  beats  lister  per  min.  than  in  the  open  air.  After  15  min.  it  was 
13  beats,  and  afler  two  hours  7  beats.} — Perhaps  the  widest  generaliza- 
tion that  can  be  applied  to  these  various  &cts  in  relation  to  the 
frequency  of  the  Heart's  action  is  that  given  by  Marey,  who  concludes 
that  the  beats  of  the  Heart  are  proportionately  more  frequent  as  the 
obstacles  which  have  to  be  overcome  by  the  contraction  of  the  Ventricles 
are  less.  This  is  at  least  in  accordance  with  what  we  know  of  the  action 
of  the  voluntary  muscles,  in  which  the  frequency  of  contraction  certainly 
bears  a  direct  relation  to  the  diminution  of  the  resistance.  On  this  prin- 
ciple we  may  explain  the  results  of  the  well-known  experiment  of  Weber, 
who,  on  making  a  full  expiration  and  then  holding  his  breath,  foimd  his 
pulse  rapidly  diminish  in  force  and  frequency,  and  on  one  occasion  sud- 
denly stop ;  for  here,  by  the  pressure  exerted  by  the  walls  of  the  Chest 
on  the  Heart  and  Lungs,  a  great  obstacle  is  raised  to  the  passage  of  the 
blood  ;§  and  a  similar  explanation  may  be  given  of  the  effects  produced 
by  cold  shower-baths,  observed  by  Bence  Jones  and  Dickenson,  ||  in  which 
the  pulse  fell  to  only  50  in  the  minute,  and  subsequently  became  feeble, 
intermittent,  and  even  imperceptible.  In  these  experiments  the  cause  of 
the  diminished  frequency  of  the  pulse  was,  no  doubt,  the  great  obstacle  to 
the  flow  of  blood  produced  by  the  contraction  and  increased  tension  of 
the  vessels  throughout  the  body.  On  the  other  hand,  we  may  attribute 
the  acceleration  which  occurs  ailer  food,  or  afler  violent  exertion,  or  from 
mental  emotion,  and  that  which  is  constant  in  the  yoimg,  to  the  increased 
flow  of  blood  taking  place  in  all  these  cases  to  the  heart,  acting  upon  it 
as  a  stimulus.^ 

3.  Movement  of  the  Blood  in  the  Arteries. 
225.  The  Blood  propelled  from  the  Heart  is  distributed  to  the  body  in 

•  *•  Virchow's  Arehiv,"  1860,  xix.  p.  492.  f  Canstatt,  1861,  p.  109. 

t  Looget,  p.  811,  Tol.  i. 

6  Milne-Edwarda,  "  Lefons  sor  la  Physiologie/*  vol.  ir.,  1859,  p.  88. 

I  BrowD-S^aard,  *' Journal  de  U  Fbys.,"  1858,  p.  72. 

%  The  channel  through  which  certain  poisons  affect  the  Heart  is  still  undetennined. 
Urns  Dybkonsky,  Felikan,  and  KoUiker  found  that  the  poisons  of  the  Upas  Antiar,  of  the 
Taoghinia  renenifera,  of  Digitalis,  and  probably  also  Sulphocyanide  of  potassium,  act  as 
dinet  paralysers  of  the  muscular  fibres  of  the  heart,  producing  the  same  effects  after  as 
before  section  of  thePneumogastricsand  destruction  of  the  Medulla  oblongata  ("M^moires 
de  la  8oc  de  Biologie,**  S6r.  iii.  torn.  iii.  p.  2).  On  the  other  hand,  Traube  {"  Canstatt*i 
Jahresbericht/'  1853)  found  that  whilst  injection  of  an  infusion  of  digitalis  into  the 
▼eint  of  a  dog  diminished  the  frequency  of  the  cardiac  contractions  from  1 28  to  32  per 
minute,  no  such  result  ensued  when  the  Pneumogastrics  were  previously  divided.  And 
Bernard  observed,  that  whilst  nicotine  introduced  into  a  wound  increased  the  rapidity 
of  the  pulse  from  115  to  332  per  minute,  no  effects  were  produced  if  the  Pneumogastrics 
were  first  divided.  The  influence  of  smoking  has  been  investigated  by  Dr.  Ed.  Smith 
(**  Lancet,'*  March  14,  1863,  p.  293),  with  the  result  that  it  soon  accelerates  the 
cardiac  pulsations  ;  the  increase  in  one  instance,  between  the  18th  and  20th  minute  of 
smoking,  being  as  much  as  31 4  pulsations  per  minute. 
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general  by  a  Bystem  of  Arteries,  wLifli  may  be  likened  in  its  arrangeiDent 
to  the  trunk  and  branches  of  a  tTeo,  except  that  very  frequent  communi- 
cattoni  or  ani^lomoses  exhi  aniorag  these  brttnchea,  so  that|  by  con  tin  mil 
Hubdivjaion  and  inof^cuJatioii,  tlieir  distribution  cornea  more  and  more  to 
resemble  the    capillary  network  in   which   they   terminate  (Fig*  45), 


Fits,  A5. 


W«b  of  Ffm^tfoatt  iti^hlDg  betweeti  two  toev,  nug^ifli^d  9  rlkmcitcrs  x  tbowlog  the  bloo^ 
Teuelfl,  and  ibelr  uiulomf»»j — ci^  a,  voiiLi;  h^  £,  ^,  uft«riei. 

Although  the  diameters  of  the  li^^mches^  at  each  subdiviiion,  together 
extMsed  that  of  the  trunk,  yet  there  is  but  little  difference  in  their  respec- 
tive areas.  Wbat  difference  does  exist^  however,  ie  uBrmlly  in  favour  of 
the  branches ;  and  thus  it  happens  that  there  is  a  gradual  increase  in 
capacity  of  the  arterial  ^stem  from  its  centre  towards  the  capillarie 
whose  capacity  is  many  times  greater. — The  Arteries  exert  a  mo 
important  influence  upon  the  movement  of  blood  througli  thcnt,  in  virtual 
of  the  physical  and  vital  properties  of  their  walk,  or  rather  of  their 
middle  or  fibrous  coat,  which  alone  is  possessed  of  oontractOe  propertiefltj 
We  find  in  tiiis  coat  a  layer  of  yeUow  Elastic  tissue,  which  is  muc 
thicker  in  the  larger  arteries,  in  proportion  to  their  size,  than  in  th^ 
emaHer.  On  the  inside  of  this  is  a  layer  of  annular  fibres,  composed  > 
Muscular  fibre-cells »  mingled  witli  areolar  tissue  ;*  the  muscular  element, 
however^  is  much  mora  abmidant  in  tlie  miaiier  arteries,  than  in  the 
larger.  To  the  former  tissue  is  duo  the  simple  elasticitif  of  the  arterial 
waQs,  which  is  a  physical  prof»er^  that  persists  ai^r  death,  until  a  serious 
change  takes  place  in  tlieir  composition ;  whilst  to  tlie  latter  we  are  to 
attribute  the  property  which  tliey  unquestionably  possess  (in  common 
with  proper  muscular  tissue),  of  contractm^  on  tlie  application  of  a 
Btimulusj  so  long  as  their  vitality  remains.     These  two  eiidowmenta  are 

*  3««  Prof,  KolUkiir'i  **  MahiiaI  of  Httmaa  Histology"  (Sjdeah&A  SoeiBtj*B  edit.)i 
rel  iL  p,  291, 
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possessed  in  various  degrees,  proportional  to  the  respective  predominance 
of  the  elastic  or  of  the  muscular  tissue,  by  the  different  parts  of  the 
Arterial  system.  Thus,  as  was  justly  remarked  by  Himter,  the  elasticity y 
being  the  property  by  which  the  interrupted  force  of  the  Heart  is  made 
equable  and  continuous,  is  most  seen  in  the  large  vessels  more  inmie- 
diately  connected  with  that  organ ;  whilst  on  the  other  hand,  the  contract 
tility  is  most  observable  in  the  smaller  vessels,  where  it  is  more  required 
for  regulating  the  flow  of  blood  towards  particular  organs. 

226.  The  Arteries  possess  a  distinct  power  of  contraction,  which  may 
be  called  into  play  either  by  the  direct  application  of  a  stimulus  to  their 
walls,  or  by  irritation  of  the  Vaso-motor  nerves  supplying  them.  This 
contractile  power  is  derived  from  their  middle  or  muscular  coat ;  and  it 
is  of  course  in  the  smaller  arteries  that  the  evidence  of  its  presence  should 
be  sought ;  and  this  may  be  readily  obtained  by  observing  the  effects  of 
various  stimuli,  mechanical,  chemical,  or  electrical,  upon  tibe  vessels  of  a 
transparent  membrane,  such  as  the  bat*s  wing  or  the  frog's  foot.  Thus 
if,  whilst  we  watch  the  movement  of  blood  in  a  companion  artery  and 
vein,  we  draw  the  point  of  a  fine  needle  across  them  three  or  four  times, 
without  apparently  injuring  them  or  the  membrane  over  them,  they  will 
both  presently  contract  and  close ;  then,  after  remaining  for  a  few  minutes 
in  the  contracted  state,  they  will  begin  again  to  dilate,  and  will  gradually 
increase  in  diameter  until  they  acquire  a  larger  size  than  before  the 
stimulus  was  applied.  When  in  this  condition,  they  will  not  again  con- 
tract on  the  same  stimulus  as  before ;  the  needle  may  now  be  drawn 
across  them  much  oflener  and  more  forcibly,  but  no  contraction  ensues, 
or  only  a  trivial  one  which  is  quickly  followed  by  dilatation ;  with  a 
stronger  stimulus,  however,  such  as  that  of  great  heat,  they  will  again 
contract  and  close,  and  such  contraction  may  last  more  than  a  day,  before 
the  vessels  again  open  and  permit  the  flow  of '  blood  through  tiiem.* — 
The  comparative  effects  of  chemical  and  other  stimuli  have  been  espe- 
cially studied  by  Mr.  Wharton  Jones,f  by  whom  they  are  thus  classified. 
(1).  Constriction  may  slowly  take  place,  and  be  slowly  succeeded  by  the 
normal  width ;  this  is  the  action  of  the  sulphate  of  atropia.  (2).  Con- 
striction may  quickly  take  place,  and  be  soon  succeeded  by  the  normal 
width,  or  a  width  not  much  exceeding  the  normal ;  this  is  the  result  of 
the  moderate  application  of  cold,  and  of  mechanical  and  galvanic  irritation. 
(3).  Constriction  either  does  not  take  place  at  all,  or  when  it  does,  it 
very  rapidly  gives  place  to  great  dilatation  ;  this  is  the  effect  of  a  weak 
solution  of  sulphate  of  copper,  of  a  strong  solution  of  common  salt,  of 
wine,  of  opium,  and  of  spirit  of  wine.  (4).  Dilatation,  preceded  or  not 
by  momentary  constriction,  may  slowly  yield  to  constriction,  which 
remains  permanent ;  this  is  the  effect  of  sidphate  of  copper,  applied  in 
strong  solution,  or  in  substance. — The  electric  stimulus  is  most  effectual 

*  See  Mr.  Paget^s  "  Lectures  on  Sorj^cal  Pathology,"  vol.  L  pp.  S02,  SOS.— As  Mr. 
Paget  justly  remarks,  it  is  from  the  mechanical  stimulus  of  the  knife,  that  small  divided 
▼ends  oontrsct  and  oloee,  so  as  speedily  to  cease  bleeding  ;  but  this  contraction  lasts 
only  for  a  time  ;  and  hemorrhage  would  commence  on  their  dilatation,  if  their  months 
were  not  sealed  by  ooagnla  of  blood  or  lymph.  When  secondary  hsemorrhage  does  oocor 
from  want  of  sach  coagnlation,  it  is  most  effectually  controlled  by  the  application  of 
saeh  ttamoli  as,  like  the  actual  cautery,  induce  a  more  prolonged  contraction  of  the 


t '  Prise  Bsaay  on  Inflammation,*  in  "  Quy*s  Hospital  Beports'*  for  1850,  pp.  8,  9. 
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when  applied  by  tiie  raagneto-giilvanic  apparatus;  and  the  effects  of  such 
application  have  been  inveatigateil  by  the  Protesaore  Weber,*  When 
the  minute  arteries  of  the  nieaentery  of  frogs,  between  l-7Ui  aiid  1^1 7th 
of  a  Paris  line  in  dmineter^  were  th\m  stimubited^  they  did  not  imme* 
diately  re^nd  to  the  iiritatioui  i>ut  begau  to  eoutraet  ailer  a  lew  aecondfi, 
BO  that  their  diameter,  in  from  live  to  ten  seoonda,  waa  dimini^ed  by  a 
third,  and  their  sectional  area  consequently  reduced  to  about  hali*;  by  a 
continued  applioitioa  of  the  stimulus^  their  calibre  was  so  much  reduced, 
that  only  a  atngle  row  of  corpuscles  coidd  paas ;  and  at  last  the  vessels 
became  completely  closed,  ajid  the  current  of  blood  arrested^  the  origiiiai 
conditions  being  gradually  restored  on  the  cessation  of  the  electric  cur- 
reuL^ — Furtlier,  it  has  been  ascertained  by  the  careftil  exjieriuientfi  of 
PoisseuiUe  (which  confirm  thoie  of  John  Hunter),  that  when  lui  artery  is 
dilated  by  Huid  injected  into  it,  it  reacts  with  a  Ibrce  superior  to  the 
distending  impidse ;  and  he  has  also  shown  that,  if  a  portion  of  nn  artery 
from  an  animtd  recently  dead  (in  wdiioh  the  vital  contractility  seems  to  be 
preserved),  and  one  from  an  animal  that  luis  been  dead  some  days  (in 
wliich  nothing  but  the  elasticity  remains),  be  distended  wi^  an  equal 
force,  the  former  becomes  much  more  contracted  than  the  latter^  a^ei*  the 
distending  force  is  removed- 

227.  Although  the  waUs  of  the  Arteries  cannot  be  readily  stimulated 
to  contraction  through  the  medium  of  their  nerves,  yet  the  influence  of 
the  Nervous  system  upon  the  calibre  of  the  vesselEi  which  might  be 
inferred  to  exist  from  the  act  of  blushing  and  other  analogous  phenomena, 
is  capable  of  experimental  demonstration.  Thus  evidence  has  been  aiSorded 
by  the  experiments  of  Dr.  Aug.  Waller,  that  whilst  section  or  ligature 
of  the  Sympathetic  trunk  on  either  side  of  the  neck  produces  an  enlarge^ 
ment  of  tlie  minute  arteries  on  tliat  side  of  the  face  (aa  is  best  seen  in 
tlie  lining  of  the  external  ear  of  the  cat  or  rabbit),  accompanied  with  an 
elevation  of  temperature,  the  application  of  galvanism  to  the  nerve  tor  a 
minute  or  less,  causes  them  to  contract  to  their  ordinary  cjilibre.f  The 
branches  of  nerves  which  are  thus  distributed  upon  the  vessels  are  termed 
Vaso-motor  nerves,  and  though  they  apfjear  to  be  cltiefly  derived  from 
ihe  Sympathetic  s)'stem,  it  seems  probable  that  some  vessels  are  supplied 
by  fibres  proceeding  from  cerebro- spinal  nerves  and  nervous  centres. 
Thus  Budge  and  WallerJ  have  shown  that  irritation  of  the  spinal  cord 
between  tlie  second  and  tliird  cervical  vertebra*,  oocaaion&  a  still  more 
powerful  contraction  of  the  vessels  of  the  ear  than  irritation  of  the  Sym^. 
pathetic  itself:  an  effect  which  is  probably  due  to  an  influence  conveyi  ' 
by  die  great  auricular  nerve.  Budge§  also  found  that  excision  of  one  hi 
ofthe  Spinal  Cord  between  the  fifth  cervical  and  the  second  dorsal  vertel 
produced  the  stLme  effects  on  the  vessels  of  the  head  and  neck  as  section 
of  the  Sympathetic.  Valentin,  8chiff,  and  others,  again,  have  aliown  that 
section  of  the  fij^h  nerve  is  followed  by  paralysis  and  dilatation  of  tlie 
small  vessels  of  the  conjunctiva  and  pituitary  membrane ;  whilst  ScliiiF 
has  observed  a  similar  dilatation  of  ti^e  vessels  ramifying  on  the  tmder 

•  "Miiller^sArcbiv/*  1817, 

+  See  **  Cotuptea  Renduaj^'  1858,  tom,  xxxvi.  p.  3TS. — Of  this  remnrkable  experi* 
ment,  ytVich.  ^r»l  Jertioiistiiit^iS  tbu  influetiGe  of  thts  3 jm pathetic  Nerv«  Qpon  tlie  soiivlter 
ftrteriei,  tlio  Auihor,  b;  tL«  kiitdbetya  of  Dr.  Wnlli^r,  bus  hintsetf  beeu  a  witnebs. 
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side  of  the  tongue  to  follow  section  of  the  Hypoglossals,  the  effect  being 
still  more  marked  when  the  Unguals  were  also  divided.*   The  Yaso-motor 
nerves  are  capable  of  being  called  into  action  by  direct  mechanical 
irritationt  and  also  by  reflex  action.    Callenfels^,  for  instance,  has  noticed 
contractions  of  vessels  of  one  ear  of  a  rabbit  occur  when  the  opposite  ear  was 
pinched ;  and  Brown>S^quard§  observed  that  on  immersion  of  one  hand 
in  cold  water,  the  temperature  of  the  other  uniformly  fell,  in  one  instance  as 
much  as  21^  F.:  a  result  which  may  perhaps  serve  to  explain  the  effects  of 
the  application  of  cold  in  controlling  haemorrhage  when  applied  to  some 
distant  part  of  the  body.     The  permanent  enku-gement,  however,  which 
is  seen  in  the  arteries  supplying  parts  that  are  in  a  state  of  active  increase, 
must  be  due,  not  to  simple  dilatation  merely,  but  to  augmented  nutri- 
tion ;  since  we  find  that  their  walls  are  thickened  as  well  as  extended. 
And,  on  the  other  side,  when  slow  contraction  occurs  in  these  tubes  as  a 
consequence  of  disease,  it  must  be  in  part  occasioned  by  atrophy ;  since 
their  nutrition  is  so  much  diminished,  that  in  time  they  almost  entirely 
disappear, — a  portion  of  a  large  artery  shrivelling  into  a  ligamentous  band. 
228.  Seversd  experiments  also  indicate  the  existence  of  that  power  of 
slow  contraction  in  the  arteries,  which  has  been  distinguished  by  the 
appellation  Tonicity,     Thus,  when  a  ligature  is  placed  upon  an  artery  in 
a  living  animal,  the  part  of  the  artery  beyond  the  ligature  becomes 
gradually  smaller,  and  is  emptied  to  a  certain  degree,  if  not  completely, 
of  the  blood  it  contained.     Again,  when  part  of  an  artery  in  a  living 
animal  is  isolated  by  means  of  two  ligatures,  and  is  pimctured,  the  blood 
issues  from  the  orifice,  and  the  inclosed  portion  of  the  artery  is  almost 
completely  emptied  of  its  contents.     Further,  every  Surgeon  knows,  that 
the  contraction  of  divided  arteries  is  an  efiScient  means  of  the  arrest  of 
haemorrhage  firom  them,  especially  when  they  are  of  small  calibre ;  so 
that,  in  the  case  of  the  temporal  artery  for  example,  the  complete  divi- 
sion of  the  tube  is  often  the  readiest  means  of  checking  the  flow  of  blood 
firom  it,  when  it  has  been  once  wounded.     This  contraction  is  much 
greater  than  could  be  accounted-for  by  the  simple  elasticity  of  the  tissue; 
and  is  more  decided  in  small  than  in  large  vessels.     The  empty  condition 
of  the  arteries,  generally  found  within  a  short  time  afi^r  death,  seems  to 
be  in  part  due  to  the  same  cause ;  since  their  calibre  is  usually  much 
diminished,  and  is  sometimes  completely   obliterated.      A   remarkable 
example  of  the  same  slow  contraction,  is  that  which  takes  place  in  the 
end  of  the  upper  portion  of  an  arterial  trunk,  when  the  passage  of  blood 
through  it  is  interrupted  by  a  ligature ;  for  the  current  of  blood  then 
passes-off  by  the  nearest  large  lateral  branch  ;  and  the  tube  of  the  artery 
shrivels,  and  soon  becomes  impervious,  fi'om  the  point  at  which   the 
ligature  is  applied,  back  to  the  origin  of  that  branch.     This  last  fact  is 
important,  as  proving  how  little  ii^uence  the  vis  a  tergo  possesses  over 
the  calibre  of  arterial  tubes ;  since,  without  any  interruption  to  the  pres- 
sure of  blood  occasioned  by  it,  the  tube  becomes  impervious.     It  is  to  the 
moderate  action  of  the  tonicity  of  arteries,  that  their  contraction  upon  the 
stream  of  blood  passing  through  them  (which  serves  to  keep  the  tubes 

•  "  Archiv  f.  Phys.  Heilk.,"  1853,  p.  377. 

t  See  Marey,  "  Annal.  des  Sci.  Nat.,"  1858,  t.  ix.  p.  68. 

t  *'  Zeits.  f.  Rat.  Med.,"  1855,  band  vii.  p.  191. 

§  '<  Journ.  de  la  Physiol.,"  1858,  p.  504. 
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always  full)  is  duo*  If  the  tonicity  be  excessive^  the  pulse  ia  bard  und 
wiry  ;  but  if  H  be  deficient^  the  pulse  is  very  eompressible,  tiiough  bound* 
ing,  and  the  ilow  of  bl(XKl  through  the  nrtenes  is  retarded.  Dr.  C.  J.  B, 
Williams  has  performed  some  ingenious  experiments  (§  253),  which  prove 
that  the  force  required  to  propel  fluid  through  a  tube  whose  sides  are 
yielding,  is  very  much  greater  than  that  which  will  <mrry  it  through  a 
tube  of  even  smaller  size  mth  rigid  parietes;  consequently  a  loss  of 
tonic ily  in  the  blood-vessels  retards  the  iiow  of  blood  through  tljem ; 
whilst  an  increase  hastens  it. — There  ia  much  lesa  difference  between  the 
Irritability  and  the  Tonicity  of  arteries^  than  l>etween  the  like  profierties 
in  ordinary  muscle;  since  the  former  is  so  long  in  manifesimg  it^ell", 
that  it  almost  approaches  to  the  character  of  the  latter*  But  in  the 
Arteries^  as  in  otJier  muscles,  the  tonic  cod  traction  may  be  most  efiiQiently 
induced  by  coItL  Thus  Hunter  observed  that  the  exposure  of  mi  artery 
of  a  warm-blooded  animal  to  the  air  fur  some  tLme^  would  occasion  its 
gradiml  contraction  t«  such  aii  cjd^nt  as  to  effect  the  obliteration  of  its 
canaJ,  This  statement  has  been  verified  by  naany  snbseqnent  ocperi- 
menters ;  and  it  has  abo  been  conJirmed  by  lie  observations  of  Schwann 
upon  the  small  arteries  of  the  mesentery  of  frogs,  which  he  caused  to 
contract  slowly  by  the  appHeation  of  cold  water,  and  then  saw  dilat-o 
again ;  as  much  ha  half  an  hour  being  required,  however,  beibre  they 
recovered  tlieir  original  size.  On  the  other  hand,  the  application  of 
moderate  warmth  causes  a  relaxation  of  this  tonic  contraction- — And 
thus  Cold  and  Heat  are  two  of  our  most  valuable  remedia!  agents,  when 
the  Tonicity  of  tlio  Vascular  system  is  deficient  or  in  excess, 

229,  We  have  now  to  inquire  more  closely  into  tlie  influence  exerted 
by  the  vital  and  physical  properties  of  the  walla  of  tlie  Arteries,  upon  the 
motion  of  Blood  through  them.  There  ia  no  siiflacient  proof  that  the 
vital  Contractility/  of  these  vessels  enables  them  to  exert  a  propulsive 
action  in  any  degree  supplementary  to  that  of  tlio  Heart;  and  yet, 
looking  to  the  general  facts  already  stated,  as  to  tjie  diflTusion  oi"  tlie 
propulsive  power  throngh  the  arterial  tmnks  in  many  of  the  lower 
animals  (§213),  their  experimentally -proved  reaction  n|>on  a  <liatendiiig 
force  (§  226),  and  to  the  circmnatance  that  a  kind  of  rhythmical  action 
has  been  observed  by  Wharton  Jones  in  tlie  vessels  of  the  Bat,  and  by 
SchifT  in  those  of  the  ear  of  the  Babbit,  it  does  not  seem  by  any  means 
improbable  that  some  ench  power  should  be  preser\''ed,  even  where  there 
is  the  greatest  concentration  of  the  propulsive  force  in  the  muscular  walls 
of  the  heart  The  contractility  of  the  arteries  seems  to  be  chiefly  exer- 
cised, however,  in  reflating  the  diameter  of  the  tubes  in  accordance  wiih 
the  quantity  of  blood  to  be  conducted  through  them  to  any  partj  whidi 
will  depend  upon  its  peculiar  oireumstances  at  the  time.  Such  local 
clianges  are  continually  to  he  observed  in  the  various  phases  of  normal 
life  as  well  as  in  disease ;  and  they  will  be  found  to  be  constantly  in 
harmony  with  Uie  particular  condition  of  the  processes  of  nutrition,  secre- 
tion, &c.,  to  which  the  capillary  circulation  ministers, 

230.  The  chief  purpose  served  by  tlie  Elasticity  of  tlie  Arteriea,  is  one 
of  a  purely  physical  character ;  its  effect  being  to  convert  the  intermitting 
impulses  wliicb  the  blood  receives  from  the  hearty  into  a  continuous 
current.  The  former  are  very  evident  in  the  larger  trunks ;  but  they 
diminish  wdth  the  subdivision  of  these,  tmtil  they  entirely  disappear  in 
tlie  capdlarics,  in  which  the  stream  is  uaually  equable  or  ucaxly  so.     If 
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a  powerful  force-pump  were  made  to  inject  water,  by  successive  strokes, 
into  a  system  of  tubes  with  unyielding  walls,  the  flow  of  fluid  at  the 
fiirther  extremities  of  these  tubes  would  be  as  much  interrupted  as  its 
entrance  into  them.  But  if  an  air-vessel  (like  that  of  a  fire-engine)  were 
placed  at  their  commencement,  the  flow  would  be  in  a  great  degree 
equalized ;  since  a  part  of  the  force  of  each  stroke  would  be  spent  upon 
the  compression  of  the  air  included  in  it ;  and  this  force  would  be  restored 
by  the  elasticity  of  the  air  during  the  interval,  which  would  propel  the 
stream,  imtil  directly  renewed  by  the  next  impulse.  A  much  closer 
imitation  of  the  natural  apparatus  would  be  afforded  by  a  pipe  which 
had  elastic  walls  of  its  ovm ;  thus  if  water  were  forced  by  a  syringe  into 
a  long  tube  of  caoutchouc,  for  example,  the  stream  would  be  equalized 
before  it  had  proceeded  &r.  This  effect  is  found  to  be  accomplished,  at 
any  point  of  the  Arterial  circulation,  in  a  degree  proportionate  to  its 
di^ance  from  the  Heart ;  and  in  this  mode  it  is,  that  die  intermitting 
force  of  the  ventricular  contraction  is  almost  equably  distributed  over 
the  whole  of  the  interval  between  one  systole  and  another,  by  the  con- 
traction of  the  elastic  tubes  in  the  dilatation  of  which  it  was  at  first 
expended. — Another  effect  of  this  elasticity  is  to  distribute  the  pressure 
of  the  blood  upon  the  walls  of  the  arteries,  much  more  equally  than 
would  be  the  case  if  they  formed  a  system  of  rigid  tubes. 

231.  The  distension  of  the  Arteries  that  is  consequent  upon  the  inter- 
mittent injection  of  blood  into  their  trunks,  and  the  subsequent  contrac- 
tion whidi  results  from  the  elasticity  of  their  walls,  give  rise  to  the 
pulsation  which  is  perceptible  to  the  touch  in  all  but  the  smallest  arteries, 
and  which  is  visible  to  the  eye  when  they  are  exposed.  This  pulsation 
involves  an  augmentation  of  ihe  capacity  of  that  portion  of  the  artery  in 
which  it  is  observed ;  and  it  would  seem  to  the  touch,  as  if  this  were 
chiefly  effected  by  an  increase  of  diameter.  It  has  been  experimentally 
proved,  however,  that  the  increased  capacity  is  partly  given  by  the 
elongation  of  the  artery,*  which  is  lifled  from  its  bed  at  each  pulsation, 
and,  when  previously  straight,  becomes  curved;  the  impression  made 
upon  the  finger  by  such  displacement,  not  being  distinguishable  from  that 
which  would  residt  from  the  dilatation  of  the  tube  in  diameter.  A  very 
obvious  example  of  this  upheaval  is  seen  in  the  prominent  temporal 
artery  of  an  old  person.  The  total  increase  of  capacity  was  estimated 
by  Flourens,  from  experiments  upon  the  carotid  artery,  at  about 
l-23rd  part;  but  it  is  affirmed  by  VolkmannI  that  this  must  not 
be  considered  by  any  means  a  constant  ratio,  since  it  varies  in  different 
arteries,  and  in  the  same  artery  under  different  circumstances. — The 
fluctuations  of  the  Pulse  in  the  living  body  without  exposure  of  the 

*  The  experiments  of  Volkmann  ("  H&modynamik")  have  led  him  to  beliere,  that  the 
tranayene  (Natation  is  greater  than  the  longitudinal ;  but  these  experiments  were  made 
under  conditions  so  different  from  those  of  the  living  artery,  that  but  little  weight  can, 
in  the  Author's  opinion,  be  attached  to  them.  It  is  to  be  remembered,  however,  that 
every  increase  in  length  augments  the  capacity  in  only  a  timple  ratio  ;  thus  a  tube  of 
21  indies  in  length  will  only  contain  one- twentieth  more  than  a  tube  of  20  inches  long, 
of  the  same  diameter.  On  the  other  hand,  every  increase  in  diameter  augments  the 
capacity  of  the  tube  in  the  ratio  of  the  tquare  of  that  increase  ;  thus  the  capacity  of  a 
tube  of  21  lines  in  diameter  will  be  to  that  of  a  tube  of  20  lines,  as  441 :  400,  or  one- 
tenth  more.  Consequently,  supposing  the  increase  of  capacity  to  take  place  equally 
in  both  directions,  the  increase  in  longitudinal  dimenaion  will  be  far  more  apparent 
than  the  transvene  enhurgement. 

t  Op.  d!L,  chap.  xiv. 
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Arteiy  can  be  rcndorefl  Jipjiarent  by  the  use  of  an  mstnmient  invented 
hy  VicrorUt,  anU  termed  by  him  the  8phygniograph.     It  is  represented  . 
in  Fig.  4Gj  and  coniiHts  of  a  light  lever  a  b^  capable  of  being  acciirateijl 
atij listed  by  sand  or  mercury  in  the  cuija  pp;  from  the  lower  siirfkee  of" ^ 
the  lever  a  little  rod  descends,  terminating  in  a  bntt*on  /?,  which  is  aUowed 
to  rest  with  gentle  pressure   on  the  artery  n*     Ita  tracing¥s  fire  made  by 
the  style  o,  on  the  revolving  drum  »^  and  tiio  verticality  of  the  moveutcut 


Tkc  i:?pUjgai(;Mj'rapL  uf  VierurdU 


is  secured  by  the  pantllelogram  n  n  m  m.     One  of  the  tracings  ohtiiined 
by  tills  instrument  is  sliown  in  Fig.  47,  in  which  it  will  be  seen  that  tlie 
upstroke  indicating  the  moment^iry  incr*mse  of  tetisjion  in  the  vessel  con- 
sequent upon  the  ey&tole  of  the  hearty  is  of  €f[tjal  duration  witli  the  dowu-^ 
itroke  representing  the  diastole*     Aceorfling  to  M*  Marey,  the  vis  inertia 


Fm.  47, 


of  this  lastruraent  is  too  great^  and  the  periods  of  systole  and  diastole  ( 
not  accurately  indicated.  To  obviate  this  defect^  he  has  himself  cou- 
Btructed  an  instrument  in  which  the  lever  is  much  lighter.  Ita  general 
arrangement  is  ghown  in  Fig.  48,  where  the  part  B  B  is  appUed  to  the 
forearm,  whilst  the  pressure  on  the  artery  is  effected  by  a  very  light  stael 
spring,  terminating  in  a  small  plate  of  ivory  capable  of  elevation  or  de- 
preaeiou  by  the  screw  v.  The  long  arm  of  the  wooden  lever  L  termi- 
nates  in  a  fine  f>oint  touching  tlao  plate  of  smoked  glass  P,  which  ia  made^ 
to  move  gnidmdly  forwards  by  clockwork  in  the  box  h,  The  iminediiiti 
descent  of  the  lever  afler  Its  elevation  is  accoraplislied  by  the  very  dclitata^ 
spring  at  H«*  The  traoings  made  by  this  instrument  sliow  that  under 
ordinary  circumstances  the  period  of  ascent  or  of  increase  in  the  tension 
of  the  arterial  walla  is  rapid  ^  whilst  the  fjerioti  of  decrease,  during  wliich 
the  elasticity  of  the  larger  arteries  is  actlngj  is  comparatively  alow  and 
prolonged.  It  is  perfectly  obvious  that  the  fulness  of  the  pulae^  or  ill 
other  words  the  amphtiide  oi'  the  pulsEitioUi  ia  in  inverse  ratio 
the  tension  of  the  walls  of  the  ves.*^!  \  whilst  the  hardjiess  of  tlie  pulse  i 

*  H^Lich  \im  recently  luailfj  lui  improy^mtint  In  llid  can&trueUiiJfU  of  ibe  ^prhij^  and 
lever.    "  Siizuiigsbericht  d.  k.  Akad.  xu  WleJ^/*  1863|  p.  55. 
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iQcllcative  of  urt^riaJ  tensioni  and  rajij  be  produced  either  by  tbe  beori 
acting  with  great  force  and  injecting  more  b!ood  than  the  arteries  can 
liisdi&i^  tliit-mgh  the  capillariea,  or  by  tlie  contraction  of  the  capillaries 
'1  '  sis^lves;  preventing  tlie  escape  of  the  blood  horn  the  arteries  into  the 
.  :,iS.     M.  Mar^y   haa  cleiirly  ahown  how  these  two  conditions  of  the 


Fto.  18 


Maeft  SpbfffnofT^li* 


arterial  system  may  be  induced  by  acting  upon  tlje  capillariea  alone,  and 
^klhm  Ciieilitftlirtg  the  passage  of  the  blood  through  theio,  or,  on  the  con- 
Itmry,  rendering'  it  more  dilfieult.  Thus  the  tracing  obtained  by  his 
Sphygmograph,  after  exposure  to  a  cold  bath  of  one  minute's  duration,  is 
ihown  in  Fig,  49*     It  ia  that  of  a  hard  pulse,  in  which  there  is  consider- 


able  t<jnsion  of  tho  arterial  walk  \  for  the  contraction  of  the  cutaneona 
capillaries  constitutes  aii  obstacle  to  the  fnassage  of  the  blood  irom  the 
arteries.  The  line  of  asoermion  is  accordingly  sudden  and  aliort,  the  limit 
of  the  elasticity  of  the  vessel  being  soon  reached,  and  the  summit  of  the 
curve  is  rounded ;  whilst  the  line  of  descent  is  protracted  and  gradual,  the 
resiliency  of  the  vessel  being  only  capable  of  reacting  slowly  on  the  con- 
tained blood,  and  there  is  no  tendency  to  dichrotbin*  On  the  other 
hand.  Fig.  50  ahows  the  eCecis  of  a  hot-air  bath,  and  pr^ents  the  cha- 

Fio.  50. 


fiicter»  of  a  soft  full  ptilae ;  a  piilae  of  deficient  tension,  in  which  the 
greater  boldne.^  of  the  cm^ves,  tljuir  shuiper  summits,  and  the  marke«l 
tcfidencv  to  diehrotismi   may  particuliirly   be  nolioed;  as  well  as  the 
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incTGased  freqiieticy  of  the  hearths  action,  correspontimg  to  tlie  diminishe<l 
exertion  which  it  has  to  make  in  propelling  the  column  oi'  blood  tlirough 
the  flmall  veasel^.  A  yery  simple  instrument^  combiniug  a  manometer 
with  a  lever  and  registering  apparatus^  hf»a  been  suggegted  by  Kaumann  ;* 
and  the  following  traoing,  allowing  eiirvea  analogous  to  those  obtained  by 

M.  Marey,  was  obtained  firom  it 
in  a  healthy  person.  In  tbia 
the  Ime  of  ascent  appears  un- 
broken^  whilst  that  of  descent  is 
interrupted  by  a  Blight  wave  of 
accent,  Tlio  former,  represent- 
ing the  iluratlon  of  the  systole, 
only  ocoupiea  one-third  of  the 
time  between  two  beats  j  the 
remaining  t^vo-tliirda  representing  the  diastole* 

232.  The  cause  of  the  intemiption  in  the  line  of  descent,  or  the 
dichrotiijm  of  the  normal  pulse,  has  excited  much  attention,  and  several 
explanations  of  it  have  been  gii'en.  It  will  be  requisite  in  the  first  place> 
however,  to  consider  the  nature  of  the  Pulse  itself.  It  was  held  by  WebcTp 
that  as  with  each  systole  of  the  Heart  the  tension  of  the  great  vessels  ne^ 
the  Heart  is  increased^  the  recoil  of  those  vesB^ls  propagates  a  wave  of 
tension  through  the  arteries  towards  the  periphery.  The  passage  of  the 
wave  was  considered  by  Weber  to  be  distinct  from  the  propulsion  of 
the  fluid ;  but  VoIkinann|  endeavoured  to  show  that  they  are  one  and 
the  same.  It  seemed  also  to  be  proved  that  a  certain  time  was  re- 
quired for  the  tranamission  of  dus  pidse-wave  from  the  heart  to  the  peri- 
phery of  the  circulation,  since  there  was  a  want  of  synchronism  between 
the  ventricular  systole  and  the  pulsation  of  the  arteries  in  various  parta 
of  the  bodyi  which  was  indeed  meastired  and  stated  to  be  about  one-sixth 
to  one-seventh  of  a  second.  This  theory  was  invalidated  by  an  observa- 
tion made  by  Mr.  Colt^  J  that  the  pulse  was  perceptible  in  every  part  of 
the  arterial  system  betbre  the  second  sound  of  the  Heart ;  that  is,  before 
the  closure  of  the  aortic  valves ;  whereas,  if  the  propagation  of  the  wave 
were  due  to  the  recoil  of  the  successive  portions  of  die  larger  vesselsj  the 
second  sound  of  the  Heart  should  constantly  precede  the  pidse,  since  the 
first  effect  of  the  recoil  would  be  the  cloecnre  of  the  aortic  valves.  Marey 
has  investigated  this  subject  closely,  and  defines  the  Pulse  to  be  an  effect 
(perceptible  to  the  touch)  of  inequality  in  the  tension  of  the  blood  con- 
tained in  an  artery.  He  believes  that  the  contraction  of  the  Heartv,  which 
injects  a  certain  quantity  of  blood  into  the  arteries,  is  felt  instantly 
tJ^oughout  the  whole  arterial  system,  though  it  attains  its  maximum 
^rlier  in  the  vessels  near  the  heart,  than  in  tiose  which  are  more  distant, 
thus  giving  rise  to  an  apparent  refafdation  of  the  pulse  in  the  latter. 
He  observes,  that  if  we  imagine  an  artery  to  be  divided  into  succeaaive 


*  H«iile  dud  Meifftoer'i  ''  ZefU.  f.  B^L  Med.,"  hand  XTiIi.  p.  10i, 
t  Dp.  dt,  obap.  X.  t  "Med,  Ga*,,"  1815. 
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segments  Oy  b,  Cj  d  (Fig.  52),  the  portion  of  blood  injected  by  each 
cardiac  systole  enters  the  first  (a)  with  a  force  which  might  be  repre- 
sented by  8 ;  here  it  meets  a  resistance  in  the  liquid  column  which 
already  occupies  it,  and  to  advance  will  find  in  the  firiction  an  obstacle 
amounting,  according  to  the  laws  of  physics,  to  the  square  of  its  velocity; 
80  that  the  greater  the  rapidity  of  the  wave,  the  greater  will  be  its  difiiculty 
in  advancing ;  but  the  walls  of  the  tube  are  capable  of  yielding,  and  they 
dilate  in  proportion  to  the  resistance  offered.  The  initial  fbrce  of  the 
wave  is  thus  decomposed  into  two  parts,  one  represented  by  4,  employed 
in  dilating  the  first  s^pnent  of  the  vessel,  and  the  remainder  employed  in 
the  propulsion  of  the  colunm  of  blood  into  the  next  segment,  when  the 
same  decomposition  of  force  is  again  repeated,  and  so  on,  till  at  the  end 
of  a  certain  length  of  vessel  the  direct  impulsion  will  be  reduced  to  an 
infinitely  small  quantity.  The  pressure  or  tension  rapidly  attains  its 
maximum  in  the  parts  near  the  impelling  organ,  because  these  are  exposed 
to  the  full  force  of  the  impulse ;  whilst  the  more  distant  portions  of  the 
vessel  attain  their  maximum  of  tension  more  slowly,  because  the  direct 
impulse  is  here  at  first  extremely  small,  and  only  gradually  rises  to  its 
full  intensity,  owing  to  the  gradual  restoration  by  successive  acts  of  recoil 
of  the  force  which  has  been  spent  in  dilating  the  proximal  portions  of 
the  vessel.* — ^This  explanation  of  the  mode  in  which  the  Pulse  is  pro- 
duced is  fuUy  sustained  by  the  following  ingenious  experiment  devised  by 
M.  Marey.  A  small  caoutchouc  bag  (Fig.  53,  b)  is  filled  with  valves 
which  permit  the  contained  fiuid  to  move  only  in  the  direction  of  the 
arrows,  and  is  connected  with  a  long  elastic  tube  forming  a  rude  resem- 
blance to  the  Heart  and  Arteries.  At  three  different  points  of  its  length 
the  tube  is  placed  irnder  the  control  of  a  Sphygmograph,  the  levers  of 
which,  /  ^  l^\  register  their  movements  on  the  drum  c  in  such  a  manner 

Fia.  53. 


that  their  tracings  may  be  exactly  parallel  and  comparable  with  one 
another.     Fig.  54  shows  such  a  triple  tracing  afler  the  india-rubber  bag 

*  For  lome  strictures  on  this  view,  see  the  Memoir  of  M.  Bnisson,  '*Comptes  Bendnt 
de  laSoe.  de  Biologie,"  S6r.  UL  t.  iii,  1862,  pt.  1,  p.  16. — ^The  valae  of  Marey^s  Sphygmo- 
graph in  the  diagnosis  of  aneurism  is  well  shown  in  the  records  of  some  cases  in  the 
*'  Comptes  Sendns  de  la  Soe.  de  Biologie"  for  1860. 
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has  been  for  a  few  times  rhythmJcally  compreaaod.  It  is  here  evident, 
in  the  firrt;  place,  that  tlie  comnieu cement  of  the  piikation,  or  of  the 
increase  of  teosion  in  the  rascular  wall,  is  the  same  throughout  the  whole 

longth  of  the  tnbe^  as 
sliowu  by  the  vertical 
dotted  line;  though 
tl*e  jjeriod  at  wbith 
the  jnaxJnmm  or 
highest  point  is  at- 
tained is  latest  in  that 
po  rtion  of  the  tube  ( 3 ) 
most  distant  from  the 
impelling  or^n,  as  ia 
ill (iicated  by  tlie  di- 
rection of  the  ob- 
lique dotted  Line  ;  and  thus  it  happens  that  the  finger  placed  upon 
it  J  taking  cognizance  of  the  nmximum  alone,  woidd  attribute  to  it  a 
real  retardation ^  whereas  in  trnth  there  is  only  an  apparent  retarda* 
tion  of  the  impulse  propagated  through  the  fluid.  Again,  it  may  be 
noticed  tiiat  the  force  of  the  impulse,  or  the  extent  of  the  verticaJ 
movement  of  the  lever,  diminishes  with  increase  of  distance  from 
the  impelling  organ,  producing  the  effect  which  Poiaseuille  described 
as  **  extinction  of  the  wave.*' 

233.  In  now  returning  to  the  subject  of  the  dlohrotoui  character  of  the 
normal  pulse,  the  three  chief  theories  %vhich  have  been  held  regarding  it 


Fjfj.  54 


may  here  be  briefly  mentioned: — 1.  That  Ibunded  on  the  observations  of  ^ 
Volkniann,  that  when  a  fluid  is  driven  through  an  elastic  tube  by  inter-| 
mitting  impulBOS,  two  syetenis  of  waves  arise,  one  of  these  being  in  the 


fluid,  the  other  in  tlie  walls  of  the  vessels,  the  want  of  aynchronism  be- 
tween which  occasions  the  dichrotous  pulse,  2,  The  view  supported  by 
Marey,  that  the  blood  injected  into  the  aorta,  coursing  widi  rapidity 
through  that  vessel,  occasions  the  first  pulsation  in  all  tlie  arteries  given 
ofi"  from  it,  l>ut  reaching  the  Iliac  region,  it  meets  with  a  sudden  obatftcle 
in  the  diminished  area  of  the  lUac  Arteries  as  compared  witli  the  Aorta, 
and  a  rebonnd  occurs  whicli  produces  an  augmentation  of  the  tension  in 
the  initial  portion  of  the  aorta,  and  a  new  pulsation,  analogous  to  the  echo 
of  a  sound,  is  conveyed  into  aU  the  arteries  which  proceed  irom  this  part. 
This  explanation  agrees  with  the  observation  of  Beau^  that  in  the  di- 
chrotous pulse  the  beat  is  single  In  the  femoral  artery,  though  it  may  be 
double  in  the  radial  and  in  all  the  branches  taking  origin  from  the  arch 
of  the  Aorta.*  3.  Lastly,  Nauniann'a  explanation,  that  it  results  from 
the  impact  of  the  blood  against  the  suddenly  cloaed  aortic  valves,  which^ 
like  the  sudden  stoppage  of  water  flowing  through  a  t^ip,  propagates  a 
jarring  impulse  through  the  whole  system.  According  to  this  view,  the 
dichrotous  wave  has  a  central,  and  not,  as  Marey  supposes,  a  peripheric 
origin ;  and  he  adduces  the  fact  in  accordance  witli  his  view,  diat  it 
luiiformly  dirainiahea  in  intensity,  in  proportion  to  the  distance  from  the 
heart. 

234,  Since  the  blood,  like  other  fliiidsy  is  almost  completely  incom* 
pressible,  all  force  appUed  to  it  become  perceptible  by  movement,  or  if 


See  L(>tig«t*i  **  Pbynobfiit;,"  \k  S3", 
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that  be  prevented,  by  lateral  pressure  exerted  against  the  sides  of  the 
Teeaek.  The  circumstances  that  chiefly  affect  the  movement  or  velocity 
of  the  blood,  independently  of  variations  in  the  amount  of  the  propelling 
force,  are  those  which  increase  or  diminish  the  friction  between  it  and 
the  vascular  walls.  Thus  it  will  be  retarded  by  diminution  of  the 
diameter  of  the  tubes,*  or,  as  was  observed  by  Himter,  by  curves,  angles, 
or  divisions  in  their  course,t  or  by  their  rigidity,:^  or  by  increased 
viscidity  in  the  blood  itself;  or  lastly,  by  augmentation  of  its  attraction 
for  the  tissues,  or  for  the  walls  of  the  vessels  through  which  it 
is  coursing.  These  constitute  the  obstacles  or  resistance  to  the  passage 
of  the  blood ;  and  with  their  increase,  if  the  impelling  force  remain 
the  same,  whilst  the  velocity  of  its  movement  is  retarded,  the  amoimt  of 
lateral  pressure  exerted  is  increased.  The  effects  of  diminished  resistance 
in  diminishing  pressure  may  be  imderstood  from  a  consideration  of  Fig.  55. 
For  here  the  height  to 

which  the  fluid  will  rise  Fio*  ^5, 

in  the  small  tubes  num- 
bered 1 — 6,  is  the  ex- 
pression of  the  pressure 
of  the  liquid  against  the 
walls  of  the  tube  roc 
at  different  points.  If 
the  fluid  were  sta- 
tionary, from  the  clo- 


sure of  the  orifice  c,  it 

would,  according  to  a 

weU-knovm   law,    rise 

to  the  same  height  in  all ;  but  when  a  discharge  is  allowed  to  take  place 

from  c,  a  gradual  diminution  of  pressure,  indicated  by  the  diagonal  line 

s  c,  may  be  observed  as  the  outlet  is  approached.     Now,  if  the  bore 

*  Thai Pouaeuille  (*'M6m.  de  TAcad.  des  Sciences  Sar.  i^trang./'  t.  ix.  p.  513  ft seq.) 
found  that  the  amount  of  fluid  dischaz^ged  by  small  tubes  increases,  cteteris  paribuSj  in 
IffoporUoii  to  the  diameters  of  these  tubes  raised  to  the  fourth  power ;  so  that  a  tube  of 
i4yth  mm.  in  diameter  will  discharge  16  times  more  fluid  in  a  given  time,  than  one  of 
ji^ik  mm.  in  diameter.  The  following  facts  are  woithy  of  recollection  in  connection 
wi^  the  physics  of  the  circulation  : — 

=  the  radius  x  6*28. 

=  the  square  of  the  radius  x  3*14. 

=  the  sectional  area  x  the  velocity  of  the 
current. 

=  the  discharge  -7-  by  the  sectional  area. 


The  circumference  of  a  cylindrical  tube 

The  sectional  area  of  ditto 

The  amount  of  discharge  from  ditto 


And  lastly,  the  velocity  of  the  current 
(See  Vierordt,  "Phys.**  1861,  p.  88.) 

t  So  Badge  (^'Phydologie,''  1862,  p.  309)  found  that  a  simple  tube  (a)  would  deliver 
move  fluid  in  a  given  time  than  a  bifid  one  (6),  the  sectional  areas  of  whose  arms  were  together 
equal  to  a,  and  the  bifid  tube  more  than  a  trifid  one  (c)  in  the  proportion  of  (a)  8860 : 
(a)  8400  :  (c)  3100,  the  pressure  being  equal  in  all  three  cases. 

X  Thus  Marey  has  shown  that  whilst  elastic  and  rigid  tubes  of  equal  diameters  will 
discharge  an  equal  quantity  of  fluid  as  long  as  the  stream  is  continuous,  the  moment  the 
stream  becomes  intermittent  an  advantage  is  gained  by  the  elastic  tubes,  apparently 
owing  to  the  diminution  of  friction  in  the  latter,  and  the  conversion  of  the  jetting  move- 
ment of  the  fluid  into  a  more  continuous,  uniform,  and  steady  flow;  and  herein  perhaps 
we  may  perceive  an  explanation  of  the  hypertrophy  of  the  Heart,  so  frequently  observed 
as  a  concomitant  of  a  rigid  aorta  in  old  age.  See  "  Annal.  des  Sci.  Nat. :  Zoul.,'*  1857^ 
t.  viii.  p.  830  ;  and  Marey's  "  Thdse  Inaugurale,"  1869. 
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of  the  tube  be  contracted  at  any  yjart,  as  from  o  to  r,  an  obstacle 
to  the  discharge  of  the  fluid  will  be  created,  through  the  increase 
of  friction;  the  preasiire  against  the  walla  of  the  preceding  portion  of  J 
the  tube  r  to  o  mil  increuse,  and  coneeqiiently  the  line  of  lerela 
wiU  rise  in  that  part,  as  indicated  by  the  dotted  line  U  h  c.  If,  on  the 
other  hand,  th^  outlet  be  enlarged,  the  fluid  will  be  di^chai^ged  more 
easily,  and  the  liue  of  levels  wiLL  fall  with  great  rapidity.     Upon  theeo 

principles  M,  Marej* 
Las  constructed  an  ap- 
paratus beiring  some 
resemblance  to  the  dif- 
ferent systems  of  vessels 
in  the  body  3  a  constricted 
portion  at  o  repreeent- 
in^r  tliG  ( ■apillariesj^and 
Vm.iiil^  jiiijceded  by  a 
wilier  |»ortiofj  for  the 
Arteries,  and  followed 
by  a  still  wider  one  tbr 
the  Veins.  By  this  in- 
striiment  it  may  be 
sho\Mj  physically,  that 
the  pressure  is  highest 
in  the  Arterial  vesseJs, 
win  1st  it  rapidly  dimi- 
nisijes  in  the  Capillar  ie% 
ii\nl  is  lowest  in  the 
yeins4  These  facts,  at 
least  as  regards  the  dif- 
ference in  the  pressure  in 
tlie  arterial  and  venoiia 
Hv^teniB,  were  clearly 
perceJA^ed  by  Hales, 
and  have  been  sub- 
stantiated by  Beroaril 
wit]]  ihe  dilfereiitial 
Manometer,  Fig*  56 ; 
the  two  mouthpieces  of  j 
which,  c  f ,  being  inBcrted 
into  arteries  at  the  same 
distance  from  the  Hearty 
as  the  two  Carotids  or 
the  two  Cruralsj  the  level 
of  the  mercury  on  the 
two  sides  remains  equalf 
indicating    equalil^   of 

•  Brown -Sdquard^s  '^  Journal  de  la  PhysioL,"*  vol.  ii.  p*  48^- 

f  The  eipiUariea  of  the  body,   though  in  their  i^regate  secttonftl  area  madi  Iftflger 
tliAQ  ihe  oartaj  jtjt  bj  reoson  uf  thmr  smallncBBi  4Dd  llie  caitiseqiiept  gr^eat  incs^tisd  of  . 
frIctioQ  anainfit  their  waU*,  ofHjrate  virtually  aa  audi  a  constricted  portion.  .       .    ' 

X  In  Ibe  living  body  the  preesiii^  ri»^  agfiin  in  the  veins,  ua  their  collective  calibre  is 
mueb  i^si  thnn  that  of  the  cnpillHiies,  thougb  greAter  thi'ia  thnt  af  the  ^lenea. 

^  Beniard,  vol  i.  p.  !;S05,  1851*. 


DifTereittiA]  Manometer  of  Bcniiurd.l 
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pressure;  whilst  if  one  be  placed  in  a  more  distant  artery  or  into 
a  vein,  the  mercmy  constantly  rises  on  that  side,  thus  cQiowing  a 
diminution  of  pressure  or  tension.  If  the  contracted  or  Capillary  por- 
tion of  Marey's  apparatus  (Fig.  55)  be  enlarged,  the  fluid  will  pass 
through  it  with  less  resistance,  and  the  pressure  in  the  Arterial  portion 
will  diminish,  and  vice  versd.  This  has  actually  been  observed  by 
Bernard  in  the  living  subject :  for  on  placing  the  mouthpieces  of  his 
differential  manometer  into  the  two  facial  arteries  of  a  horse,  the  mercury 
stood  at  the  same  level  in  each  arm  of  the  instnunent;  but  on  division  of 
one  of  the  cervical  sympathetic  nerves,  the  mercury  instantly  rose  on  that 
side,  indicating  a  diminution  in  the  tension  of  the  vessel.  Now  it  has  been 
ascertained  that  section  of  the  Sympathetic  causes  a  dilatation  of  the 
Capillary  vessels,  and  therefore  fecilitates  the  passage  of  the  blood  through 
them ;  and  the  counterproof  is  shown  by  galvanizing  the  cut  extremity  of 
the  Sympathetic,  which  inducing  contraction  of  the  Capillaries,  increases 
the  resistance  to  the  passage  of  the  blood  from  the  Arteries,  and  augments 
the  tension  of  their  walls,  as  is  indicated  by  the  gradual  falling  of  the 
mercury  on  the  galvanized  side,  till  the  pressure  there  may  even  exceed 
that  of  the  healthy  one. 

235.  The  absolute  pressure  of  the  blood  in  the  living  vessels  has 
engaged  the  attention  of  many  observers.     Hales*  endeavoured  to  ascer- 
tain it  by  inserting  long  pipes  into  the  vessels  of  living  animals,  and 
measuring  the  height  to  which  the  blood  rose.    In  a  Mare,  when  the  tube 
was  introduced  into  the  Crural  artery,  it  rose  8  ft.  3  in ;  in  two  Horses, 
9  ft.  8  in.  and  9  ft.  6  in.     From  parallel  experiments  upon  sheep,  oxen, 
dogs,  and  other  animals,  and  from  the  comparison  of  the  calibre  of  their 
respective  vessels  with  that  of  the  Human  aorta.  Hales  concluded  that 
the  usual  force  of  the  heart  in  Man  would  sustain  a  column  of  blood 
7^  feet  high,  the  weight  of  which  would  be  about  4  lbs.  6  oz.  on  the 
square   in<i.     Poisseuille,   improving   on   Hales*  method,   employed   a 
much    more  portable  instrument  in  the  form  of  a  doubly-bent  tube 
(Pig.  57),  containing   mercury  in  the  curve,   and  a   solution  of  car- 
bonate of  soda  in   the  mouthpiece,    which   pre- 
vented the  formation  of  clots.     A  still  further  im-  Pio.  57. 
provement  was  made  by  Volkmann  and  Ludwig, 
by  placing  Poisseuille^s  instrument  in  connection 
with  a  revolving  drum,  on  which  tracings  indicat- 
ing the  fluctuations  of  the  pressure  could  be  taken. 
The  instrument  so  modified  was  called  the  "  K3rmo- 
graphion."     Poisseuille  estimated  the  pressure  in 
the  arteries  at  G'3  inches  of  mercury  on  the  square 
inch,  which  he  assimied  as  the  standard  for  all 
arteries,  and  for  all  Mammalia.     But  the  tracings 
of  Ludwig  and  Volkmann  showed  that  the  range 
of  variation  was  very  wide,  being  in  the  carotid  of 
the  Horse  from  6  to  13  inches,  and  not  less  in  other 
animals.     Bernard  has  invented  a  lighter  instru-     PoiaseuiUe'e  Hwn»dyn». 
ment,   termed    the    "  Cardiometer,"    the   indica-  mometer;— a,  moathpiece. 
tions  given  by  which  are  sopewliat  higher  than 
those  obtained  by  Poisscuille's  apparatus.     The  following  table  preseutti 

•  "Hamastatics,"  vol.  i.  pp.  1-60. 
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the  reBulta  of  Volkmann'H  observations*  upon  the  relative  lateral  preBaur© 
at  foiir  points  of  tiie  circulation  in  different  animak;  iiamely  (l,)  the 
carotid  near  its  origin,  (IL)  a  peripheral  branch  of  the  carotid  or  some 
other  artery,  (in.)  a  periijhend  rootlet  of  a  vein^  aad  (iv:)  a  jugtdar 
vein : — 


t< 

ti. 

nt. 

IT. 

QgoI  ,      , 

.      1S5 

,      326      . 

,     41 

,      13 

norae . 

.      122 

97      . 

.      44 

.      21*6 

Calf    -      . 

.      165-6     . 

.      146      - 

.      27-5     . 
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236,  The  rate  of  movement  of  the  blood  in  any  artery  can  only  be 
gnessccj  at  as  regards  the  Human  subject  from  the  comparative  results  of 
exp»crinieni8  upon  the  lower  animals ;  but  several  methods  have  been 
suggested,  by  which  it  may  be  ascertained  in  them  with  some  appro jtima- 
lion  to  tnitli.  One  of  tljese,  employed  by  Volkmann,  and  termed  by  him 
the  Ilajmodromometerj  h  e.xhibited  in  Fig.  58,  where  a  show^s  the  in- 
stnmient  as  H  is  inserted  between  tlte  two  cut  extremities  of  an  artery  or 
vein.  In  this  poaition  the  blood  continues  to  How  in  the  originsd  direc- 
tion ;  but  by  a  simple  mechamcal  arrangementi  its  coui'se  can  be  suddenly 

Fid.  5S« 


•^ 


J-Tl 


-*- 


jL — r 


'H 


Volkinadn'i  HienatHjromDuietFfr. 

diverted  (as  in  b),  through  tlie  bent  tube  filled  with  water  in  the  direction 
of  the  arrows.  The  rapidity  of  the  current  may  be  readOy  estimated  by 
timing  its  course  along  the  scale  at  the  side.     A  second  method  m  tha"" 

•  Op.  cito  p.  17a. 
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rtpreeented  in  Pig.  59,  flevised  by  Vierordt,  and  tanneJ  l>y  liim  the 
**  Hjematocliometer."  Tliia  consists  of  a  emuU  gUisa  cell  filled  with  water, 
witli  two  mouthpieces  for  iiiaertiou  id  to  the 
Teasel^  and  a  light  vertically-suspended  and 
isily-movable  fjeudidiun,  placed  close  to  ilie 
«*ntranee  of  the  current  horn  the  upper 
1  y  of  tlie  divided  artery.    The  anionut 

of  deviiition  from  the  porpendicuhir  produced 
by  iJie  instreaming  blood  on  the  pendultjm*  as 
measured  by  the  scale,  indicates  Uie  velofity  oi" 
the  current.  Volkmanu  gave  the  rajjidity 
of  the  stream  in  the  carotid  of  Uie  Horfie  at 
from  12-17  inche?^  per  Becond,  aad  in  fhe  Dog 
it  About  12  inchea  per  second.  Vierordt  estimated  it  at  10|  inches 
per  second  in  the  cmrotid  of  Man,*  tind  at  2|  inchei  per  second  in 
tlie  metatarsal  artery.  Chauvcau^f  with  a  similar  bot  aomewliat 
improved  iustrmnent,  estimated  the  rapidity  of  the  blood  m  the  carotid 
of  llie  Horse  at  2028  inches  per  second  during  the  systole  of  tlie 
b**art,  falliug  to  6'7B  inchea  during  the  diastole. — The  influence  of  expi- 
Tatioii  and  iuspiratioii*  and  of  muscular  effort  upon  the  frequency  and 
force  cd"  the  cardiac  pulsations,  as  indicated  hy  the  tnicings  olttained  fi^om 
H  gpUygmograph  upplied  to  such  a  voRsel  a»  the  liadial  artery,  are  of  much 

•  interest.     It  can  thus  be  ahowu  tliat  during  the  act  of  expiration  the 

•  freciuency  of  the  pulse  is  eoumderably  augmented  {Fig.  GO,  1*0);  whilst  the 
^  line  of  mean  [ireastire  {^a) 

{ l»pidly  rises,  indicating  in-  ■    ^ 

^crenaed  tension  in  the  ar- 
'  tenal   walls.       This  is  no 

doubt   attributable    to    the 

difficulty  ivhich  the  blood 

in  the  great  veina  finds  in 

entering  the    thorax  ;    for 

Bernard  has  shown  that  any 

press ure    made    upon    the 

veiiiH     immediately     reacts 

tlirough  the  captUaries  tipoti 

the  arteries,  caumng  an  in- 
'  cxensc  in  their  tension.  Dur- 
ing the  act  of  inspiration, 

•  on  the  contrary',  the  pul- 
fifttions  become  slower,  the 
ciirvfts  mnch  bolder,  and 
the  lino  of  mean  pressure 

i  gradtiaUy  falls ;  for  then  the  blood  readily  eutera  the  thorax,  and,  as  a 
i!<»oseqtience*  the  great  veins,  capillarias  jmd  arterial  walls  become  com* 
parativcdy  flaccid.  The  iniluence  of  muscular  exertion,  a^  in  a  vioknt 
eWort  of  exyH  ration  with  closed  glottis,  is  cc  pi  ally  well  nwikcdj  and  may 
be  re[ircsented  by  the  game  drawing.     During  the  expiratory  cIVort  th** 


Trating^  jti<iwtii|^  piVeet  ol  EiplmLiLtn  iHiti  iu*  pi  ration  mi 
tile  Putfuj.— !--«,  I'iijmtioiis!  duhujr  Espiratloii  j  (Wm  « to 
the  GDd^  during  liuplrntlob. 


*  "  Phr^ioiogir/*  p.  110,  xsei, 

t  '*  ArcbiT.  i$Ktu  de  M^d."  voL  I  1S31,  p*  113;  tad 
p.  695. 
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ntmiber  of  pulsations  augmentSp  and  the  tracing  risea  briskly,  sliowiiig 
increased  tension ;  and  thin  is  occasioned  by  pressure  on  the  abdominal 
and  thoracic  portions  of  the  aortat  which  discharge  tlieir  contents  into,  and 
render  tense,  the  peripheral  arteries  (radial).  On  the  cessation  of  tJie  effort, 
the  blood  flows  quickly  back  from  the  peripheral  arteries  into  the  aorta, 
which f  now  uncompressed,  posseasee  less  teTisiou  than  the  other  arteries, 
and  the  line  of  pressure  conaequently  falls  in  some  instAnces  even  below 
the  original  level,  though  the  condition  of  equilibrium  is  aoon  restore*!** 

4-  Movement  of  the  Blood  in  the  CapiilarieM. 

237»  In  Man,  as  in  all  the  higher  Animals, — in  the  adult  condition  itfe 
least, — the  Capillary  circnlation  ia  aim  oat  entirely  carried -on  through 
tubes  having  distinct  membranous  parietes ;  tlie  only  known  exception 
being  in  the  case  of  the  Spleen  (§  130,  ii.).    These  tubes  conunonly  form  a 

Fio.  61. 


CRplllMj  pltam  tn  «  [portion  of  tUe  wtU  of  n  Prof^*t  f^t,  megnllted  llO  dJimetert  :* 
lit'  vi'ln  i  bt  It  Iti  bruiictiiiB  ;  <-,  o,  pigtij.cia<oc;IJe, 


B,  Inmk 


mlnutely-anastomoBing  network  (Fig.  61) ;  into  which  the  blood  is 
brought  by  the  rmniiiaitlons  of  ttie  arteries  on  one  side,  and  from  which 
it  is  returned  by  tiie  radicles  of  tlie  veins  on  the  other.  The  walk  of 
the  tubes  are  composed  of  a  delicate  menibrane,  on  the  inner  Buxlkce  i 
in  the  Bubstance  of  which  numerous  niiclei  are  scattere^L  These  \ 
particularly  well  seen  in  the  Pia  Mater,  which  consists  almost  entirely  of 
a  congeries  of  blood* veaaak  (Fig.  62).  The  diameter  of  the  C^pilliiica 
Yuriea  in  diCereikt  animals,  in  accordance  with  that  of  their  blood-eor- 

*  St*«  M.  BiuBaoa  In  "  Campte»  Rendua  de  k  S<>c  4i  Biol''*  S£r«  ill  t.  ItL  pit  1862. 
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paacles;  thtiB  the  Capillaries  of  the  Frog  are,  of  course,  much  larger 
than  those  of  Man.     The  ordinary  diameter  of  the  latter  appears,  from 

Fia.  62« 


CapUlmy  Btood-vesteU  ftom  Pia  Mater :— a,  calibro  of  the  tube,  partly  occupied  by  oval  nuclei, 
alternately  arranged  len^ways,  and  epithelial  in  their  character :  &,  6, 6,  nuclei  projecting  on 
the  eiterior  of  the  tube ;  c,  e,  walls,  and  d,  calibre,  of  a  large  branch ;  /,/,  oval  nuclei,  arranged 
tranarersely.    Magnified  410  diameters. 

the  measurements  of  Weber,  MuUer,  and  others,  to  vary  from  about  the 
1 -3700th  to  the  1 -2500th  of  an  inch ;  the  extremes,  however,  are  stated 
by  Kolliker  at  as  little  as  l-5600th  and  as  much  as  l-1870th  of  an  inch. 
As  the  diameter  of  the  Human  capillaries,  however,  can  only  be  examined 
after  death,  it  is  probable  that  diese  statements  may  not  be  altogether 
exact,  particularly  as  tubes  of  the  smallest  of  the  above  sizes  would  not 
admit  ordinary  blood-corpuscles.  The  dimensions  of  the  individual 
vessels,  indeed,  are  by  no  means  constant ;  as  may  be  seen  by  watching 
the  Circulation  in  any  transparent  part,  for  some  little  time.  Putting 
aside  those  general  changes  in  diameter  which  result  from  circumstances 
affecting  all  the  capillaries  of  a  part,  it  may  be  observed  that  a  single 
capillary  will  sometimes  enlarge  or  contract  by  itself,  without  any  obvious 
cause.  Thus,  the  stream  of  blood  will  sometimes  be  seen  to  run  into 
passages  which  were  not  before  perceived ;  and  it  has  hence  been  sup- 
posed that  they  were  new  excavations,  formed  by  the  retreating  or  removal 
of  the  solid  tissue  through  which  it  passes.  But  a  more  attentive  exami- 
nation shows,  that  such  passages  are  real  capillaries,  which  did  not,  at 
the  time  of  the  first  observation,  admit  the  stream  of  blood-corpuscles,  in 
consequence  of  the  contraction  of  their  calibre,  or  of  some  other  local 
impediment ;  and  that  they  are  brought  into  view  by  the  simple  increase 
in  their  diameter.  The  compression  of  one  of  the  small  arteries  will 
generally  occasion  an  oscillation  of  the  corpuscles  of  blood  in  the  smallest 
capillaries,  which  will  be  follow^  by  the  disappearance  of  some  of  them; 


248 


OF  THE   CIBCI^ATIOK   OT  THl   BLOOB, 


but  when  the  obstruction  is  removed,  the  blood  soon  regainfi  iti  ffl'evioufl 
velocity  and  force,  and  flows  into  exactly  the  same  passages  ae  before* 

238.  The  opinion  waa  long  entortEiiiiedj  that  tbcre  are  vessek  adapted 
to  supply  the  whit©  or  colourless  tissues  \  carr^^ing  from  the  arteriei  the 
*  liquor  sangumis;'  and  leaving  the  corpuscles  behind^  through  inability 
to  receive  them.  A  considerable  development  has  lately  been  given  to 
thia  view  by  the  investigations  of  Virchow*  a«d  others ;  by  whom  it  liaa 
been  attetnpbed  to  be  shown  that  in  the  various  structures  included  under 
the  term  connective  tisfiueSj  the  corpUBcle%  which  are  almost  constantly 
found  disseminated  through  them,  are  to  be  r^arded|  like  the  lacunas  of 
bone,  as  centres  and  BtorehouBea  of  nutriment,  which  is  again  distributed 
by  their  caudate  prolongations  (frequently  assuming  the  fonn  of  elastic 
tiasue)  to  the  most  distant  parts.  The  idea  that  Nutrition  can  onl^  l>e 
carried-on  by  means  of  Capillary  vessels,  is,  however,  entirely  gratuitous  j 
for  there  is  no  essential  difference  between  the  ruitrition  of  the  non -vas- 
cular tissues,  and  tliat  of  the  islets  in  the  midst  of  the  network  of  ciipiUaTy 
vessels  which  traverses  the  most  vascular.  In  both  cases,  tJie  nutrient 
materials  conveyed  by  the  blood  are  absorbed  by  the  cells  or  other 
elementary  parts  of  the  tissue  immediately  adjoining  the  vessels^  and  ars 
imparted  bv  them  to  others  which  are  further  removed;  and  the  only 
diflerence  lies  in  the  amount  of  the  portion  of  tiasue  which  has  to  be  thus 
traversed,  so  that  we  are  only  required  to  extend  our  ideas,  fifom  t^e  ' 
largest  of  the  islets  which  we  find  in  the  vascular  tissues,  to  the  still  more 
isolated  structures  of  which  the  non- vascular  tissues  are  composed- — The 
disposition  of  the  Capillaries,  both  as  to  the  dcgr*^  of  minuteness  and  the 
plan  of  tJiQ  reticulation  wluch  they  form,  varies  so  greatly  in  the  diflcreut 
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Taacolar  tiasues,  that  it  is  possible  to  state  with  tolerable  certainty 
the  nature  of  the  part,  from  which  any  specimen  has  been  detached, — 
"vdiether  a  portion  of  Skin  (Fig.  63),  Mucous  membrane  (Fig.  64),  Serous 
membrane,  Muscle  (Fig.  65),  Nerve,  Fat  (Fig.  66),  Areolar  tissue,  Gland 
(Fig.  9),  &c.  The  degree  of  minuteness  is  obviously  in  accordance  with 
die  copiousness  of  the  supply  of  blood  which  is  required  for  the  purposes 
of  its  circulation  through  the  part ;  thus  the  plexus  is  closest,  where  some 
change  is  to  be  effected  on  the  blood  itself,  as  in  the  absorbent,  respira- 
tory, and  secreting  organs ;  whilst  it  is  widest  in  those  parts  which 
receive  the  blood  solely  for  their  own  nutrition, — ^the  nervous  centres 
and  muscles  having  a  more  minute  reticulation  than  is  seen  in  the  gene- 
rality of  the  last-named  parts,  in  virtue  of  the  peculiar  activity  of  the 
molecular  changes  which  take  place  in  them.  But  the  arrangement  of 
TesBels  peculiar  to  each,  evidently  has  reference  only  to  the  convenience 
of  the  distribution  of  blood  among  the  elementary  parts  of  the  tissue,  and 
Taries  with  their  form.  It  is  not  possible  to  imagine  that  it  has  any 
other  relation  than  this  to  their  fUnction ;  since  the  function  of  each 
separate  element  of  the  organ,  of  which  that  of  the  entire  organ  is  the 
aggr^ate,  is  due  to  its  own  inherent  vital  powers, — ^the  supply  of  blood 
being  only  required  as  furnishing  the  material  on  which  these  are  to  be 
exercised. 

239.  The  average  rate  of  movement  of  the  blood  through  the  Capillary 
ty^tenij  may  be  determined  with  tolerable  precision  by  microscopic  mea- 
Borement ;  and  the  observations  of  Hales,  Valentin,  and  Weber  concur 
in  representing  it  to  average  in  the  systemic  capillaries  of  the  Frog  1*2 
inch  per  minute.  In  warm-blooded  animals,  however,  the  capillary  cir- 
culation is  probably  much  more  rapid  than  this ;  the  observations  of 
Volkmann  upon  the  mesenteric  arteries  of  the  Dog  making  its  rate  about 
1-8  inch  per  minute ;  whilst  Ludwig  and  Vierordt,  from  observations  on 
the  movement  of  the  blood-corpuscles  in  the  retinal  capillaries  of  their 
own  eyes,  estimate  the  rapidity  at  from  one  inch  in  41  seconds  to  one 
inch  in  28  seconds.  The  layer  which  is  in  immediate  proximity  to  the 
wall  of  the  vessels  flows  from  9  to  17  times  more  slowly  if  the  movement 
of  the  white  corpuscles  is  to  be  taken  as  a  means  of  estimating  it  (Weber). 
Aflsoming  *03  inch  per  second,  however,  as  the  rate,  and  comparing  this 
with  the  rate  of  movement  of  the  blood  in  the  larger  arteries,  which 
seems  on  the  average  to  be  11*8  inches  per  second,  it  is  calculated  by 
Volkmann  that  the  aggregate  area  of  the  capillaries  (being  in  an  inverse 
ratio  to  the  rate  of  the  blood^s  movement  through  them)  must  be  nearly 
four  hundred  times  that  of  the  arterial  tnmks  which  supply  them.* 
Bonders,  on  similar  data,  estimates  it  at  500  times  greater,  and  Vierordt 
at  from  800  to  850  times.t 

240.  That  the  movement  of  the  Blood  through  the  Capillary  system  of 
Teasels,  is  mainly  dependent  upon  the  force  which  it  derives  from  the 
Heart  and  from  the  coats  of  the  Arteries,  is  a  matter  altogether  beyond 
dispute.  But  it  is  a  most  important  question,  not  merely  in  itself,  but 
in  its  bearing  on  one  of  the  fundamental  questions  of  Pathology, — ^the 
nature  of  Inflammation, — whether  the  Capillary  circulation  is  influenced 

•  "H&modynamik,''  pp.  184,  204. 

f  "Die  BracheinQngen  nnd  Gesetae  der  Stromgeschwindigkeit  des  Blutes,"  1858. 
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by  ang  other  agency  tban  die  contractile  power  of  the  Heart  and  Arterial 
system ;  some  Physiologiste  nmintaming  that  this  alone  is  siifficdent  to 
account  for  all  the  phenoniena  of  tlie  Capillary  circitlation  ;  and  others 
asserting  that  it  is  neeeseaiy  to  athnifc  some  Esupplementary  force,  which 
nmy  be  exerted  oither  to  aanBt,  retard,  or  regidate  die  ilow  of  blood  trom 
tlie  Arteriea  into  the  Veins.  We  sliall  first  consider  the  evidence  which 
m«y  jiiitify  an  atlirmative  conclusion  aa  to  the  existence  of  such  force ; 
and  shall  then  ejtamine  into  its  nature. — No  physLological  fact  seema  to  1~ 
Author  to  be  more  clearly  proved,  thirn  tlie  existence,  in  the  low^  chuaeB'^ 
of  Ammals,  aa  well  as  in  Plants^  of  aonie  power  independent  of  a  vis  a 
Urgo^  by  which  the  nutritive  fluid  is  caused  to  move  through  their 
vessels.'  Thia  power  appe^irs  to  originate  in  the  circulation  itself,  and 
to  be  closely  connected  with  the  state  of  the  Nutritive  and  tSecreting 
processes:  since  anything  which  sdmuktes  these  to  increased  energy, 
accelerate  the  movement ;  whilst  any  check  to  tliem  occasions  a  corre^ 
spending  stagnation.  It  may  be  conveiient  to  designate  this  motor  1 
force,  by  the  name  of  capUhun  power ;  it  being  clearly  understood,  how-^l 
ever,  that  no  mechufiical  prop/ulsion  ia  thence  implied.  On  ascending^rl 
the  Animal  scale,  we  fijid  the  pc^wer  which,  in  the  lower  organisms,  la 
diffused  through  the  wliole  system,  gradually  concentrated  in  a  single 
part ;  a  new  force,  tliat  of  tlie  Heart,  being  brought  into  operation,  and 
the  Circulation  placed,  in  a  greater  or  less  degree,  under  its  controL 
Still  there  is  evidence,  that  the  movement  of  blood  through  the  capilkried 
is  not  entirely  due  to  this;  since  it  may  continue  ailer  the  cessation 
of  the  Heart's  action,  may  itself  cease  m  piu-ticidar  organs  when  the 
Heart  is  still  acting  vigorously,  and  is  constantly  beLag  affected  In 
amount  and  rapidity,  by  causes  originating  in  the  part  itself,  and  in  no 
way  adecting  the  Heart. — The  chief  proofs  of  these  statements  wiU  now 
be  adverted-to. 

241.  When  the  flow  of  blood  through  the  CapiUarieB  of  a  trfmsparent 
part,  such  as  the  web  of  a  Frog's  foot,  is  observed  witli  the  Micj:t)acope,  it 
appears  at  first  to  take  place  with  great  evenness  and  regularity.     But  on 
watching  the  movement  for  some  time,  various  changes  may  be  observed, 
which  cannot  be  attributed  to  the  Heart's  influence,  and  which  show  that 
a  certain  regulating  or  distributive  power  exists  m  the  walls  of  the  capil- 
larieS}  or  in  tlie  tiesues  which  they  traverse.     Bomo  o{  these  clmnge^J 
involving  variations  in  the  size  of  the  capillary  tubes,  have  been  already 
referred-to  (§  237).     Others,  however,  are  manifested  in  great  and  suddea 
alterations  in  the  velocity  of  tlie  current ;  which  cause  a  marked  dif- . 
ference  in  the  rates  of  the  movement  of  the  blood  through  the  sev 
parts  of  the  area  under  observation.     Sometimes  this  variation  extends^ 
even  to  the  entire  reversal,  for  a  time,  of  the  direction  of  the  movement, 
in  certain  of  the  transverse  or  comniimicjiting  branches ;  the  flow  always 
taking  place,  of  course,  from  the  stronger  towards  the  weaker  current. 
Not  unfrequently,  an  entire  stagnation  of  the  current  in  some  particulj 
tube  precedes  this  reversal  of  its  direction.     Irregularities  of  Una  kind 
however,  are  more  frequent  when  the  Heart's  action  is  partly  interrupted^ 
as  it  usuaLIy  is  by  tlie  pressure  to  which  the  tadpole  or  other  oninnall 
must  be  subjected,  in  order  to  allow  microscopic  observations  to  ba  made 
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upon  its  circulation.  Under  such  circumstances,  the  varieties  in  the 
capillary  circulation,  induced  by  causes  purely  local,  become  very  con- 
spicuous ;  for  when  the  whole  current  is  nearly  stagnated,  and  a  fresh 
impulse  from  the  heart  renews  it,  the  movement  is  not  by  any  means 
rmifbrm  (as  it  might  have  been  expected  to  be)  through  the  whole  plexus 
supplied  by  one  arterial  tnmk,  but  is  much  greater  in  some  of  the  tubes 
than  it  is  in  others ;  the  variation  being  in  no  degree  connected  with  their 
size,  and  being  very  different  at  short  intervals. 

242.  The  movement  of  the  blood  in  the  Capillaries  of  cold-blooded 
animals,  after  complete  excision  of  the  Heart,  has  been  repeatedly 
witnessed.  In  warm-blooded  animals,  this  cannot  be  satis^torily 
established  by  experiment,  since  the  shock  occasioned  by  so  severe  an 
operation  much  sooner  destroys  the  general  vitality  of  the  system ;  but 
it  may  be  proved  in  other  ways  to  take  place.  After  most  kinds  of 
natural  dealii,  the  arterial  system  is  foimd,  subsequently  to  the  lapse  of 
a  few  hours,  almost  or  completely  emptied  of  blood ;  this  is  partly,  no 
doubt,  the  effect  of  the  tonic  contraction  of  the  tubes  themselves ;  but 
the  emptying  is  commonly  more  complete  than  could  be  thus  accounted 
for,  and  must  therefore  be  partly  due  to  the  continuance  of  the  capillary 
circulation.  It  has  been  observed  by  Dr.  Bennet  Dowler,*  that  in  the 
bodies  of  individuals  who  have  died  from  yellow  fever,  the  external  veins 
frequently  become  so  distended  with  blood  within  a  few  minutes  after 
the  cessation  of  the  heart's  action,  that,  when  they  are  opened,  the  blood 
flows  in  a  good  stream,  being  sometimes  projected  to  the  distance  of  a 
foot  or  more,  especially  when  pressmre  is  applied  above  the  puncture, 
as  in  ordinary  blood-letting.  It  is  not  conceivable  that  the  slowly-acting 
tonicity  of  the  arteries  should  have  produced  such  a  result  as  this ;  which 
can  scarcely,  therefore,  be  attributed  to  anything  else  than  the  sustenance 
of  the  capillary  circulation  by  forces  generated  within  itself.  Further,  it 
has  been  well  ascertained  that  a  real  process  of  secretion  not  unfrequently 
continues  after  general  or  somatic  death  ;  urine  has  been  poured-out  by 
the  ureters,  sweat  exuded  from  tht  skin,  and  other  peculiar  secretions 
formed  by  their  glands ;  and  these  changes  could  scarcely  have  taken 
place,  imless  the  capillary  circulation  were  still  continuing.  In  the  early 
embryonic  condition  of  the  highest  animals,  the  movement  of  blood 
seems  to  be  imquestionably  due  to  some  diffused  power,  independent  of 
any  central  impulsion ;  for  it  may  be  seen  to  commence  in  the  Vascular 
Area,  before  it  is  subjected  to  the  influence  of  the  Heart.  The  first 
movement  is  towards,  instead  of  /rom,  the  centre ;  and  even  for  some 
time  after  the  circulation  has  been  fairly  established,  the  walls  of  the  Heart 
consist  merely  of  cells  loosely  attached  together,  and  can  hardly  be  sup- 
posed to  have  any  great  contractile  power. 

243.  The  last  of  these  &cts  may  be  said  not  to  have  any  direct  bearing 
on  the  question,  whether  the  *  capillary  power  *  has  any  existence  in  the 
adult  condition  ;  but  the  phenomena  occasionally  presented  by  the  foetus, 
at  a  later  stage,  appear  decisive.  Cases  are  of  no  very  unfrequent  occur- 
rence, in  which  the  heart  is  absent  during  the  whole  of  embryonic  life, 
and  yet  the  greater  part  of  the  organs  are  well  developed.     In  most  or  all 

*  "  Besearehes,  Critical  and  Experimental,  on  the  Capillary  Circulation,"  reprinted 
from  the  *'  New  Orleans  Medical  and  Surgical  Journal,"  Jan.,  1849. 
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of  them  c^^  it  is  tnie,  a  perfect  twin  fo^tUB  exi^te,  of  wbich  the  placenta 
is  in  some  degree  united  with  that  of  the  imperfect  one  ;  and  It  has  bee  a 
customary  to  attribute  the  circnlayon  in  the  latter  to  the  influence  of 
the  heart  of  the  former ^  propagated  through  the  placental  vasieb.  This 
supposition  had  not  been  tiisproved  (however  improbable  it  might  seem), 
until  a  e^e  of  tlus  kind  occurred,  which  was  submitted  to  the  most  care- J 
ful  exam  ilia  tion  by  ao  aceompliahed  anatomist;*  when  the  decigive  re^ulti 
wa=i  obtamed,  that  it  seemed  impossible  for  the  heart  of  the  twin  fcctus 
to  have  oce^asioned  the  moyement  of  blood  iu  the  imperfect  one,  and  that 
fiome  cause  present  in  tlie  latt^'  must  have  be^i  sufficient  for  the  pro^ 
pulsion  of  blood  tlirough  its  vessels.  It  was  a  very  curious  anomaly  ijij 
this  case,  tliat  the  usual  functions  of  the  arteries  and  veins  must  havti 
been  reverse<:l ;  for  the  Vena  Cava,  recei>ang  its  blood  from  the  umbilic 
vein  nearly  as  usual ^  had  no  communication  with  the  Arterial  sy^beiu 
(the  Heart  being  absent),  except  through  the  systemic  capillaries ;  to 
w^hich,  therefore,  the  blood  must  have  nejct  proceeded,  returning  to  the 
placenta  by  the  umbilical  artery.  This  view  of  the  coniBe  of  the  blood 
was  coniirraed  by  the  fact^  that  the  veins  were  everj*^ where  destitiito  of 
valves, — It  ia  evident  that  a  single  case  of  this  kind,  if  uuequivocaUjtJ 
demonstrated,  furnishes  all  the  proof  that  can  be  needed,  of  tlie  existence,! 
even  in  the  highest  animsils,  of  a  *  capillary  j^ower;""  whieh^  tliough  usually 
subordinate  to  the  Heiirt's  action,  is  sufhciently  strong  to  maintain  the 
circulation  by  itself,  when  the  power  of  the  central  organ  is  diminished. 
In  this,  as  in  many  other  cases,  we  may  observe  a  remarkable  capability 
In  the  living  system,  of  adapting  itself  to  exigencies.  In  tlie  acardiac 
FoetuSi  the  '  capillarj^  power'  supplies  the  place  of  the  Heart,  up  t-o  the 
period  of  birth ;  after  which,  of  course,  the  circulation  ceases^  for  want  cf 
due  aeration  of  the  blood.  It  has  occaaioiially  been  noticed,  that  a 
gradual  degeneration  in  the  structTire  of  the  Heart  has  taken-place 
during  life,  to  such  an  extent  that  sctircely  any  muscular  tissue  could  at 
last  be  detected  in  it,  but  without  any  such  interrujition  to  the  circu- 
lation aa  must  have  been  anticipated^  if  thli  organ  Itirnishes  the  sole 
imjielling  force. 

244*  Further,  it  is  a  general  principle,  unquestioned  by  any  Physio* 
logist,  and  embodied  in  the  ancient  aphorism  Uhi  Mtmnlus^  ihijluitug^ 
that,  when  there  is  any  local  excitranent  to  the  proceases  of  Nutrition, 
Secretion,  &c*,  a  determination  of  blood  towards  the  part  speedily  takes 
place,  and  the  motion  of  blood  thrmtgh  it  is  increased  in  rapidity ;  and 
although  it  might  be  urged,  that  this  increased  determination  may  not  be 
the  effect,  but  the  cause,  of  the  increased  local  action,  auch  an  opinion 
could  not  be  sustained  without  many  iji consistencies  with  pofiiti%^e  facta. 
For  it  is  known  that  such  local  detenni nations  may  take  place,  not  only 
as  a  part  of  the  regular  phenomena  oi"  growlh  and  development  (as  in  the 
oaae  of  the  entire  genital  system  at  the  time  of  puberty  and  of  periodical 
heat,  the  uterus  after  conception,  and  the  mammrc  al\er  parturition),  but 
also  as  a  consequence  of  a  strictly  local  cause.     Thus,  the  student  is  well 

•  See  Br*  HouPiao  in  tbe  **  Dublin  Medical  Journiil,"  1 837,— An  ftltctapt  wm  roidc  by 
Dr.  M.  Hall  (**  Editib,  MoDtbly  Journa],''  11^43}  to  difiprove  Dr.  Houstpu's  ibferencee  ; 
hat  &  mti&t  saUHfactorj  replj  wqa  given  by  Dr.  Houaton^  i|  the  Meeting  of  tbe  Britiab 
Atnociatioii,  Aa^aal,  l%i'd,  and  publuibed  in  the  *' Dublin  Jounml,''  Jam,  ISH.  See 
n\m  "Bdiub,  Med,  And  Surg.  Journ.,"  Julj,  1844. 
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aware  that,  after  several  hours*  close  application,  there  is  commonly  an 
increased  determination  of  blood  to  the  brain,  causing  a  sense  of  oppres- 
non,  a  feeling  of  heat,  and  frequently  a  diminished  action  in  other  parts ; 
and,  again,  when  the  capillar)^  circulation  is  being  examined  under  the 
microscope,  it  is  seen  to  be  quickened  by  moderate  stimuli,  and  to  be 
equally  retarded  by  depressing  agents.  All  these  facts  harmonise  com- 
pletely with  the  phenomena,  which  are  yet  more  striking  in  the  lower 
classes  of  organized  beings,  and  which  are  evidently  in  accordance  with 
the  same  laws. 

245.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  an  influence 
generated  in  the  Capillaries  may  afford  a  complete  check  to  the  circu- 
lation in  the  part ;  even  when  the  Heart's  action  is  imimpaired,  and  no 
mechanical  impediment  exists  to  the  transmission  of  blood.  Examples  of 
this  may  be  seen  in  the  loss  of  vitality  produced  by  the  prolonged  appli- 
cation of  cold  to  a  part;  also  in  cases  of  spontaneous  gangrene  of  the 
lower  extremities,  in  which  the  death  of  the  solid  tissues  is  clearly  con- 
nected with  a  local  decline  of  the  circulation,  and  in  which  it  has  been 
shown  by  examination  of  the  limb  afler  its  removal,  that  both  the  larger 
tabes  and  the  capillaries  were  completely  pervious ;  so  that  the  cessation 
of  the  flow  of  blood  could  not  be  attributed  to  any  impediment,  except 
that  arising  from  the  cessation  of  some  power  which  exists  in  the  capilla- 
lien,  and  which  is  necessary  for  the  maintenance  of  the  current  through 
them.  The  most  remarkable  evidence  on  this  point,  however,  is  derived 
from  the  phenomena  of  Asphyxia,  which  will  be  more  fully  explained  in 
the  succeeding  Chapter.  At  present  it  may  be  stated  as  a  &ct,  which  has 
now  been  very  satisfactorily  ascertained,  that,  if  admission  of  air  into  the 
lungs  be  prevented,  the  circulation  through  them  will  be  brought  to  a 
stand,  as  soon  as  the  air  which  they  contain  has  been  to  a  great  d^ee 
deprived  of  its  oxygen,  or  rather  has  become  loaded  with  carbonic  acid ; 
and  this  stagnation  will,  of  course,  be  communicated  to  all  the  rest  of  the 
system.  Yet,  if  it  have  not  continued  sufficiently  long  to  cause  the  loss 
c^  vitality  in  the  nervous  centres,  the  movement  may  be  renewed  by  the 
admission  of  air  into  the  lungs.  Now  although  it  has  been  asserted, 
that  the  stagnation  is  due  to  a  mechanical  impediment,  resulting  from  the 
contracted  state  of  the  limgs  in  such  cases,  this  has  been  clearly  proved 
not  to  be  the  &ct,  by  causing  animals  to  breathe  a  gas  destitute  of  oxygen, 
so  as  to  produce  Asphyxia  in  a  different  manner ;  for  the  same  stagnation 
results  as  in  the  other  case. 

246.  If  the  phenomena  which  have  been  here  brought  together  be 
considered  as  establishing  the  existence,  in  all  classes  of  beings  possessing 
a  circulating  apparatus,  of  a  *  Capillary  power,'  which  affords  a  necessary 
condition  for  Uie  movement  of  the  nutritious  fluid,  through  those  parts 
in  which  it  comes  into  more  immediate  relation  with  the  solids,  the 
question  still  remains  open,  what  is  the  nature  of  that  power  7 — It  is  very 
doubtful  whether  the  Capillaries  possess  true  contractility ;  for  although 
their  diameter  is  subject  to  great  variation,  yet  this  may  be  due  simply 
to  the  elasticity  of  their  walls,  which  tends  to  keep  them  constantly  con- 
tracted upon  the  stream  of  blood  that  passes  through  them ;  and  there  is 
no  adequate  proof  that  the  alterations  in  their  size,  which  are  consequent 
upon  the  local  application  of  stimuli,  proceed  from  any  other  source  than 
the  alteration  in  the  quantity  of  blood  delivered  to  them  by  the  minute 
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arteries,  the  very  considerable  altemtions  in  wliose  calibre  under  such 
influences  Imve  been  alreadj  deacri^jed  (§§  22 G,  227)*  In  tbe  experi- 
ments of  tJie  Profra.  Weber  (loc.  cit.)^  the  application  of  the  elt»ctric 
etiniulua  to  the  ctipillaries  produced  no  chmige  in  tlieir  diameter.  Even 
supposiivjf^  tlie  csipiLliirieSj  however,  to  [possess  mich  an  indepeiideiit  con- 
fcmetility,  tins  ctJtild  not  exert  itself  in  aiding  the  flow  of  blood  through 
them,  except  either  by  rhylhmioiil  altematinns  of  contmction  and  diJa- 
tation,  or  by  some  kind  of  perisudtic  movement;  and  observation  com- 
pletely negatives  tlie  idea  of  the  existence  of  any  such  movement,  aince 
the  stream  of  blood,  now  rendered  continuous  by  the  elasticity  of  the 
arteries,  passes  through  the  capillaries  as  tlirough  tu^>es  of  gWss,  Hence 
tlie  notion  of  any  fuechamcal  assistance,  afforded  by  the  action  of  the 
walls  of  the  Capillaries  to  the  moveme^it  of  blood  through  them,  must  be 
altogether  dismissed* 

247,  There  is  experimental  evidence,  however,  Uiat  the  moveinent  of 
the  blood  may  be  affile  ted  by  any  agency  which  alters  the  chemico-vital 
relations  betw^een  the  blood  and  the  tissues  which  it  permeates.  Thus, 
when  the  interrupted  electric  current  was  api>Iied  to  the  capillaries  by 
the  Profrs.  Weber,  tliey  noticed  that  the  blood -corpuscles  showed  a 
remarkable  tendency  to  adhere  to  eiich  other  and  to  the  walls  of  the 
vessels,  so  as  to  produce  a  great  an] cunt  of  friction  and  a  consequent 
retardation,  A  very  mmilar  set  of  phenomena  has  Vkjcu  observed  by 
Mr.  Wharton  Jones,*  as  the  consequence  of  the  direction  of  a  stream  of 
carlionic  acid  against  the  capillary  network.  And  the  depressaon  of  the 
vitahty  of  the  fiart^  by  such  injuries  as  tend  to  excite  Inflammation  in  it, 
produces  a  like  stiiguation.  This  effect  cannot  be  attributed  to  mecha- 
nical obstruction  in  the  vessels,  for  tliey  are  usually  dilated  rather  than 
contracted^  when  this  condition  exists ;  and  witliout  any  change  in  the 
dimemslonfl  of  a  tube,  the  stream  of  blood  through  it  may  be  seen 
decreasing  from  extreme  velocity  to  complete  stagnation^!  That  altera- 
tions in  the  chemical  state  of  the  blood  (involving,  of  course,  importaut 
clmnges  in  its  vital  properties)  are  capable  of  exercising  a  moat  important 
effect  on  the  Capillary  circulation,  is  shown,  not  merely  by  the  stagnation 
of  the  puifffominj  Circulation  in  Asphyxia,  but  by  the  cnrioua  fact  ascer- 
tained by  Dr.  J.  Keid,}  that  the  blood,  when  imperfectly  arterialised, 
is  retarded  in  the  sf&temic  capillaries,  causing  an  increased  pressure  on 
the  walls  of  the  arteries.  He  found  that,  when  tlie  ingress  of  air  through 
the  trachea  of  a  Dog  was  prevented,  and  the  Asphyxia  was  proceeding 
to  the  stage  of  insensibility, — ^the  attempts  at  inspiration  being  few  and 
laboiu'ed,  and  the  blood  in  an  exposed  artery  being  quite  venous  in  its 
character, — the  pressure  upon  the  artorial  walls,  as  indicated  by  the 
htemadynamometer  applied  to  the  femoral  artery ,  was  much  greater 
than  usual.  Upon  ap]dying  a  similar  test  to  a  vein,  however,  it  was 
found  tliat  the  pressure  was  proportionably  diminished ;  whence  it 
became  apparent,  that  there  was  an  unusual  obstruction  to  the  passage 

*  "Brit  and  For,  Med,  Eevlew,"  vol,  xiv,  p.  600. 

+  See  Mr.  Pugct,  Op.  cit.,  p.  311. — The  Author  had  long  previonsl j  Batkilw]  bimt^f 
that  such  was  the  fadt ;  und  is  glad  to  be  able  to  cite  the  ftir  maro  eit^od^  oheetvitlanfi 
af  Mr.  Fag&t  on  this  point,  m  eoaHi'mjitioB  of  bia  own, 

t  ^'Ediub.  5fed.  imd  gurg.  Journ,/*  Aprils  1841  ;  and  ''Anat.,  Flijs.^  and  PftUid. 
Eesean^het^**  fhap.  ii. 
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of  Tenons  blood  through  the  systemic  capillaries.  •  After  this  period, 
however,  the  mercury  in  the  hsemadynamometer  applied  to  the  artery 
began  to  £ill  steadily,  and  at  last  rapidly,  in  consequence  of  the  dimi- 
ni^ed  force  of  the  heart,  and  the  retardation  of  the  blood  in  the  pulmonic 
capillaries ;  but,  if  atmospheric  air  was  admitted,  the  mercury  rose  in- 
stantly ^  showing  that  the  renewal  of  the  proper  chemical  state  of  the  blood 
restored  the  condition  necessary  for  its  circulation  through  the  capillaries.* 
248.  It  appears  from  the  preceding  facts,  that  the  conditions  under 
which  the  power  in  question  imiformly  operates,  may  be  thus  simply  and 
definitely  expressed :  Whilst  the  injection  of  blood  into  the  Capillary 
Tessels  of  every  part  of  the  system  is  due  to  the  action  of  the  Heart,  its 
rate  of  passage  through  those  vessels  is  greatly  modified  by  the  degree  of 
activity  in  the  processes,  to  which  it  should  normally  be  subservient  in 
them ; — ^the  current  being  rendered  more  rapid  by  an  increase  in  their 
activity,  and  being  stagnated  by  their  depression  or  total  cessation.  Or 
at  any  rate,  to  use  the  more  guarded  language  of  Mr.  Paget  (loc.  cit.), 
we  have  fiicts  enough  to  justify  the  hypothesis,  "  that  there  is  some 
mutual  relation  between  the  blood  and  its  vessels,  or  the  parts  around 
them,  which,  being  natural,  permits  the  most  easy  transit  of  the  blood, 
but,  being  disturbed,  increases  the  hindrances  to  its  passage." — A  phy- 
sical principle  has  been  put-forth  by  Prof.  Drapcr,f  which  seems  quite 
adequate  to  explain  these  phenomena.  It  appears  fully  capable  of  proof, 
that  "  if  two  liquids  commimicate  with  one  another  in  a  capillary  tube, 
or  in  a  porous  or  parenchjrmatous  structure,  and  have  for  that  tube  or 
structure  different  chemical  affinities,  movement  will  ensue ;  that  liquid 
which  has  the  most  energetic  affinity  will  move  with  the  greatest 
velocity,  and  may  even  drive  the  other  liquid  before  it."  Now  Arterial 
blood, — containing  oxygen  with  which  it  is  ready  to  part,  and  being 
prepared  to  receive  in  exchange  the  carbonic  acid  which  the  tissues  set 
free, — ^must  obviously  have  a  greater  affinity  for  those  tissues  than 
Venous  blood,  in  which  both  these  changes  have  already  been  effected. 
Consequently,  upon  mere  physical  principles,  the  arterial  blood  which 
enters  the  Systemic  capillaries  on  one  side,  must  drive  before  it,  and 
expel  on  the  other  side  of  the  network,  the  blood  which  has  become 
venous  whilst  traversing  it ;  but  if  the  blood  which  enters  the  capillaries 
Lave  no  such  affinity,  no  such  motor  power  can  be  developed. — On  the 
other  hand,  in  the  Pulmonary  capillaries  the  opposite  affinities  prevail. 
The  venous  blood  and  the  air  in  the  cells  of  the  limgs  have  a  mutual 
attraction,  which  is  satisfied  by  the  exchange  of  oxygen  and  carbonic 
acid  that  takes  place  through  the  walls  of  the  capillaries ;  and  when  the 
blood  has  become  arterialised,  it  no  longer  has  any  attraction  for  the  air. 
Upon  the  very  same  principle,  tlierefore,  the  venous  blood  will  drive  the 
arterial  before  it  in  the  Pulmonary  capillaries,  whilst  respiration  is  pro- 
perly going-on :  but  if  the  supply  of  oxygen  be  interrupted,  so  that  the 
blood  is  no  longer  aerated,  no  change  in  the  affinities  tdses  place  whilst 

*  This  last  fact  (as  Dr.  Reid  has  remarked)  is  sufficient  to  negative  the  idea  of  Mr. 
Brichseo,  that  the  obstruction  is  caused  by  the  contractton  of  the  capillaries  under  the 
■timnlas  of  yenous  blood  (**  Edinb.  Med.  and  Surg.  Joum.,"  Jan.,  1845);  for  all  experi- 
ments agree  in  showing,  that  such  contraction  can  only  be  excited  by  the  application  of  a 
■Unmliis  for  some  minutes,  and  that  relaxation  takes  place  still  more  slowly.  (§  226). 

t  "Treatise  on  the  Forces  which  produce  the  Organization  of  Plants,"  pp.  22-41. 
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it  traverses  the  capillary  network ;  the  blood  contmning  venous 
retains  botli  ita  need  of  a  change^  and  its  attmctioti  for  the  walls  < 
capillanee  \  and  ita  ^ress  into  the  pulmonnrj  veine  is  thus  resiatedT  rather 
than  aided,  by  the  force  generated  in  tlie  Imigs. — The  change  in  the  con- 
dition of  the  blood,  in  regard  to  the  relative  proportions  of  its  oxygen 
and  carbonic  acid^  is  the  only  one  to  which  the  Pulmonary  circolation  is 
eubsenient ;  but  in  tlie  Systemic  circulation,  the  changes  are  of  a  much 
more  complex  nature,  every  distinct  organ  attracting  to  itself  the  pecidiar 
subetancea  which  it  reqtiires  as  the  materials  of  its  own  nutrition^  and 
the  nature  of  the  affinities  thus  generated  being  consequently  difterent  in 
eat^h  case.  But  the  same  law  way  be  considered  to  hold  good  in  all 
instances.  Thus  the  blood  conveyed  to  tJie  Liver  by  the  jHirtal  veiuj 
contains  the  materials  at  the  expense  of  whicli  the  bile- secreting  cells 
are  develo}>ed  ;  conseqttently  the  tissue  of  the  Liver^  which  is  principally 
made-up  of  these  cells,  possesses  a  certain  degree  of  affinity  or  atti:actioii] 
for  blood  containing  these  materials  [  and  this  is  diminished,  so  soon 
they  have  been  drawn  from  it  into  the  cells  around*  Consequently  the 
blood  of  the  portal  vein  will  drive  before  it,  iuto  the  hepatic  vein,  the  blood] 
which  has  traversed  the  capillaries  of  the  portal  system,  and  which,  in  doin^l 
so,  has  given-up  the  elements  of  bile  to  the  solid  tissues  of  the  liver.* 

249.  The  influence  which  the  Nervous  System  is  known  to  exert' 
upon  the  functions  of  Nutrition  and  Secretion^  which  are  very  intimately 
related  to  the  movement  of  the  blood  in  the  Capillaries,  w^otdd  lead  us  to 
expect  that  it  should  exerciae  some  like  influence  over  that  njovement 
itself  And  two  distinct  channels  for  such  an  iniluertce  may  be  asdgne 
with  much  probabilily ;  firsts  the  control  exerciised  by  tlie  SympatJsette 
system  over  the  diameter  of  the  smaller  arteries,  which  will  thus  regular 
the  rate  at  which  the  blood  is  supplied  to  the  capillary  plexus;  and 
second,  tlie  direct  agency  of  Nerve- force  in  stimtiJating,  retarding,  or| 
modifying  those  moJectilar  changes,  in  which  the  Nutritive  and  Secretory! 
operations  consist*  (See  Prin,  of  Gi:k*  Phts,). — That  the  ordinary  action 
of  tlvis  force  is  not  required  to  sustain  the  Capillaiy  circulation,  is  clearly 
proved  by  the  continuance  of  the  flow  witliout  any  apparent  alteration, 
after  section  of  the  nerves  of  tlie  part,  as  has  been  obsen^ed  by  Mil  Her, 
Wharton  Jones,  and  others ;  and  this  corresponds  with  the  well-known 
factj  that  the  Nutritive  and  Secretory  processes  may  take  place  after 
Nervous  agency  has  been  thus  suspended.  But  it  seems  indubitable  that 
a  sudden  and  violent  *  shock*  to  the  nen-^ous  centres  may  exert  the  same 
antagonistic  influence  on  the  movement  of  blood  in  the  Capillaries,  as  we 
have  seen  it  to  do  on  the  Hearths  action  (§216) :  for  this  appears  alike 
from  the  immediate  and  total  aimihilation  of  all  vital  activity  whidi  is 
consequent  upon  such  an  injury,  and  from  direct  obsen^ation  in  stich  an 
experiment  as  the  following,  made  by  Dr.  Wilson  Philip.  "  The  web  of 
one  of  tlie  hind  legs  of  a  irog  w^as  brought  before  the  mita'oscope  j  and 
while  Dr*  Hastings  observed  the  circulation,  whidi  was  vigorous,  the 
brain  was  crushed  by  the  blow  of  a  hammer.  The  vessels  of  the  web 
instanti^  lost  their  power^  the  circulation  ceasing ;  an  effect  wiiich  cannot 
arise,  as  we  have  seen,  from  the  ceasing  of  the  action  of  the  heart,     [Dr* 

•  For  fartlier  inforraation,  tfee  reiwier  h  referred  to  Mr,  Savory *h  exctlleDt  Re\iev  of 
tlie  wbob  of  this  iabj€ct,  with  oHgiiial  experimeats,  m  tbe  "  firit«  k  For.  MetL-Cliiri 
Ikrriew/*  vol.  XT.  p.  372,  uid  voL  XTi.  p,  12, 
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Philip  here  refers  to  experiments,  by  which  it  was  ascertained  that  the 
circulation  in  the  capill^y  vessels  of  the  frog  will  continue  for  several 
minutes  after  interruption  of  the  heart's  action.]  In  a  short  time  the  blood 
again  began  to  move,  but  with  less  force.  This  experiment  was  repeated, 
with  the  same  result.  If  the  brain  is  not  completely  crushed,  although 
the  animal  is  killed,  the  blow,  instead  of  destroying  the  circulation, 
increases  its  rapidity."* 

5.  Movement  of  the  Blood  in  the  Veins, 

250.  The  Venous  system  takes  its  origin  in  the  small  trunks  that  are 
formed  by  the  re-union  of  the  Capillaries ;  and  it  returns  the  blood  from 
these  to  the  Heart.  The  structure  of  the  Veins  is  essentially  the  same 
with  that  of  the  Arteries ;  but  the  fibrous  tissue  of  which  their  middle 
coat  is  made-up,  bears  more  resemblance  to  the  areolar  tissue  of  the  skin, 
than  it  does  to  the  true  elastic  tissue,  and  presents  the  distinguishing 
feature  of  LaminsB  running  longitudinally  as  well  as  transversely ;  and  the 
muscular  fibre-cells  are  usually  much  fewer  in  number,  and  are  some- 
times wanting  altogether.!  The  elasticity  of  the  Veins  is  shown  by  the 
jet  of  blood  which  at  first  spouts-out  in  ordinary  venesection,  when,  by 
means  of  the  ligature,  a  distension  has  been  occasioned  in  the  tubes  below 
it.  Though  the  walls  of  the  Veins  are  thinner,  they  yet  resist  pressure 
better  than  the  Arteries.  In  an  experiment  of  WintringhamJ  the  Aorta 
burst  when  the  pressure  rose  to  158  lbs.,  whilst  the  Vena  Cava  only  gave 
way  when  it  reached  176  lbs.  A  slight  contractility  on  the  application  of 
stimuli,  and  on  irritation  of  the  Sympathetic  nervous  fibres,  has  been 
observed ;  but  this  is  not  so  decided  as  in  the  arteries.  The  whole  capa- 
city of  the  Venous  system  is  considerably  greater  than  that  of  the  arterial; 
the  former  is  usually  estimated  to  contain  firom  2  to  3  times  as  much  blood 
as  the  latter,  in  the  ordinary  condition  of  the  circulation ;  and  when  we 
consider  the  great  proportion  which  the  Veins  in  almost  every  part  of  the 
body  bear  to  the  arteries,  we  shall  scarcely  regard  even  the  larger  of  these 
ratios  as  exaggerated.  Of  course  the  rapidity  of  the  movement  of  the 
blood  in  the  two  systems  will  bear  an  inverse  ratio  to  their  respective 
capacities ;  thus  if,  in  a  given  length,  the  veins  contain  three  times  as 
much  blood  as  the  arteries,  the  fluid  will  move  with  only  one-third  of  the 
velocity.  Even  at  their  origins  in  the  capillary  plexus,  the  veins  are 
larger  than  the  arteries  which  terminate  in  the  same  plexus ;  so  tliat 
wherever  the  arterial  and  venous  networks  form  distinct  strata,  they  are 
readily  distinguished  firom  each  other.  The  Veins  are  remarkable  for 
the  number  of  valves  which  they  contain,  formed  of  duplicatures  or  loose 
folds  of  the  internal  tunic,  between  the  component  laminse  of  which,  con- 
tractile fibres  are  interposed ;  and  also  for  the  dilatations  behind  these, 
which,  when  distended,  give  them  a  varicose  appearance.  The  valves 
are  single  in  the  small  veins,  the  free  edge  of  the  flap  closing  against  the 
opposite  wall  of  the  vein ;  in  the  larger  trunks  they  are  double ;  and  in 

*  "  Experimental  Inquiry  into  the  Laws  of  the  Vital  Fanctions,"  4th  edition,  p.  52. 

f  The  following,  acoording  to  Prof.  Kolliker  ("Manual  of  Human  Histology/'  Syd.  Soc., 
ToL  ii.  p.  807),  are  Veins  which  are  unprovided  with  muscuhir  structure : — The  veins  of 
the  uterine  portion  of  the  placenta ;  the  veins  of  the  cerebral  substance  and  pia  mater ; 
the  nnnses  of  the  dura  mater ;  Breschet's  veins  of  the  bones ;  the  venous  cells  of  the 
esrpora  eavemoaa  in  the  male  and  female ;  and  probably  the  venous  cells  of  the  spleen. 

X  "  Experimental  Inquiry/*  &c.,  1740. 
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a  few  instances  they  are  composed  of  three  flaps.  The  object  of  these 
valvea  ia  evidently  to  prevent  tJie  reflux  of  blood ;  and  we  shall  prcsentlj 
see,  that  they  are  of  important  use  in  asaiating  in  the  maintenance  of  the 
venous  circulation*  They  are  most  numerous  in  tlioae  veins  which  run 
among  parts  affected  bj  muscular  movement ;  and  they  are  not  found  in 
the  veins  of  the  lunga,  ^^f  the  abdominal  viscera^  or  of  the  hraiii. 

2aL  The  movement  of  the  blood  through  the  Veins  is,  without  doubt, 
chiefly  effected  by  the  vi^  ii  tergo  or  propulsive  force^  which  results  from 
the  action  of  the  heart  and  arteries;  tliia,  as  already  sliown  (§  235)^  ia 
very  ^eatly  dimitiiahed  by  the  time  that  it  acta  on  tlie  blood  in  the 
veins;  but  the  resiatanGe  to  the  onward  movement  of  the  blood  ia  now 
BO  alight  J  that  a  very  feeble  power  ia  adequate  to  overcome  it,  Tbei 
are  some  concurrent  causes,  however,  which  are  iup|>osed  by  some 
have  much  infitience  upon  it,  and  of  which  the  consideration  must  not 
bo  neglected* — One  of  these  has  been  foimd  by  some  Physiologists,  in 
the  inspiratorjf  mifVemeut  ;  this  is  supposed  to  draw  the  blood  of  the 
Yeins  into  the  chest,  in  order  to  supply  the  vacuum  which  is  created 
there  at  the  moment  of  tlje  descent  of  the  diaphragm.  That  the  move- 
ment in  question  has  sovie  influence  on  die  flow  of  venotis  blcx»d  into  the 
chesty  is  evident  from  the  occurrence  of  the  respmtlotjf  pti/se^  long  ago 
described  by  Haller ;  which  may  be  seen  in  tJie  veins  of  the  neck  and 
shoidflor  in  thin  persons,  and  in  those  especially  who  are  snfltring  from 
pnhnoruyy  diseases.  During  Inspiration,  the  veins  are  seen  to  bo  pir- 
tially  em[j£it^d :  whilst  during  Expiration  tlioy  become  turgid,  jiartl y  in 
consecjuenee  of  the  accumulation  from,  b^ind,  and  of  the  check  in  front ; 
and  pvrtly  (it  may  be)  in  some  cases,  through  an  absolute  reflux 
from  the  veins  within  the  chest  (§  211*)*  The  fact  that  in  the  imme- 
diate neighbourhood  of  tiie  chestj  lie  flow  of  blood  towards  the  heart  is 
aided  by  inspiration  and  impeded  by  expiration,  is  liu-ther  proved  by 
Sir  D,  Barry's  experiment,  which  consisted  in  introducing  one  extremity" 
of  a  tube  into  the  jugular  vein  of  a  Horae,  find  l^e  other  into  water; 
which  exhibited  an  alternate  elevation  and  depression  witli  inspiration 
and  expiration;  thiti  ha^  been  repeated  and  confirmed  by  several  Phy- 
siologists, On  the  other  hand,  the  expiratorj/  movement,  while  it  directly 
cftuses  acciimtdation  in  the  veins,  will  assist  the  heart  in  propelling  th( 
blood  into  the  arteries;  and  by  the  combined  action  of  these  two  causey 
is  produced  among  other  effects,  the  rising  and  sinking  of  the  Brain, 
synchronously  with  expiration  and  inspiration,  which  are  observed  when 
a  portion  of  the  cranium  ia  removed.  Several  considerations,  however, 
agree  in  pointing  to  the  concltision,  that  no  great  efficacy  can  be  rightly 
attributed  to  the  llespiratory  movements,  as  exerting  any  (general  influ- 
ence over  the  Yenous  circulation*  The  Pidmonary  circulation  beinL 
entirely  within  the  chest,  cannot  be  affected  by  variations  in  atmospherio' 
pressure ;  the  entii'e  venous  circtdation  of  the  fcutus,  also,  is  indefiendent 
of  any  such  agency.  Again,  it  has  l>een  shown  experimentallj  by  Dr. 
Arnott  and  others,  that  no  suction -power  exerted  at  tlie  farther  end  of  a 
long  tulje,  whose  waUs  are  so  deficient  in  firmness  as  are  tiiose  of  the 
Veins,  can  occasion  any  acceleration  in  a  current  of  fluid  transmitted 
through  it ;  for  the  effect  of  the  suction  is  destroyed^  at  no  great  distjinre 
from  the  point  at  which  it  ia  applied j  by  the  flapping-togetlierof  the  sides 
of  the  vessels*     This  tendency  may  be  counteracted,  however,  as  Bcrard 
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tnaintainfl,*  by  firm  adhesions  of  the  external  surface  of  the  Veins  to  the 
adjoining  parts :  such  adhesions  undoubtedly  take  place  in  many  parts, 
as  for  instance  in  the  Hepatic  and  Innominate  Veins,  and  in  the  lower 
part  of  the  Jugular  Vein;  and  therefore,  to  that  extent  at  least,  the 
venous  circulation  must  be  influenced  by  the  respiratory  movements. — 
Another  agency  which  certainly  assists  the  venous  circulation  in  some 
animals,  is  the  rhythmical  contraction  of  the  walls  of  the  veins,  which 
has  been  observed  to  occur  8  to  10  times  per  minute  in  the  trans- 
parent membrane  of  the  wing  of  the  Bat,  ^e  amount  of  contraction 
being  about  one-fourth  of  the  diameter  of  the  vessel  (Wliarton  Jones). 

252.  One  of  the  most  powerful  of  the  general  causes  which  influence 
the  Venous  circulation,  is  doubtless  the  frequently-recurring  pressure  of 
the  muscles  upon  their  trunks.  In  every  instance  that  Muscular  move- 
ment takes  place,  a  portion  of  the  Veins  of  the  part  will  imdergo  com- 
pression'; and  as  the  blood  is  prevented,  by  the  valves  in  the  veins,  from 
being  driven-back  into  the  small  vessels,  it  is  necessarily  forced  on 
towuds  the  heart.  As  each  set  of  muscles  is  relaxed,  the  veins  com- 
pressed by  it  fill-out  again,  to  be  again  compressed  by  the  renewal  of  the 
force.  That  the  general  Muscular  movement  is  an  important  agent  in 
maintaining  the  circulation,  at  a  point  above  that  at  which  it  would  be 
kept  by  the  action  of  the  heart  and  arterial  system  alone,  appears  from 
several  considerations.  The  pulsations  are  diminished  in  frequency  by 
rest,  accelerated  by  exertion,  and  very  much  quickened  by  violent  effort 
(§  224  d).  In  all  kinds  of  exercise,  and  in  almost  every  sort  of  effort, 
there  is  that  alternate  contraction  and  relaxation  of  particular  groups  of 
Muscles,  which  has  been  just  mentioned  as  affecting  the  flow  of  blood 
through  the  veins;  and  there  can  be  little  doubt  that  the  increased 
rapidity  of  the  return  of  blood  through  them,  is  of  itself  suflicient 
cause  for  the  accelerated  movements  of  the  heart.  When  a  large  number 
of  muscles  are  put  in  action  after  repose,  as  is  the  case  when  we  rise-up 
from  a  recumbent  or  a  sitting  posture,  the  blood  is  driven  to  the  heart 
with  a  very  strong  impetus ;  and  if  that  organ  should  be  diseased,  it 
may  arrive  there  in  a  quantity  larger  than  can  be  disposed-of ;  so  that 
sadden  death  may  be  the  result.  Hence  the  necessity  for  the  avoid- 
ance of  all  sudden  and  violent  movements,  on  the  part  of  those  who 
labour  under  either  functional  disorder  or  structural  disease  of  the  centre 
of  the  circulation. 

253.  The  Venous  circulation  is  much  more  liable  than  the  Arterial,  to 
be  influenced  by  the  force  of  Gravity ;  and  this  influence  is  particularly 
noticeable,  when  the  tonicity  of  the  vessels  is  deficient. — The  following 
experiments  performed  by  Dr.  C.  J.  B.  Willianis,t  to  elucidate  the  in- 
fluence of  deficient  firmness  in  the  walls  of  the  vessels,  and  of  gravita- 
tion, over  the  movement  of  fluids  through  tubes,  throw  great  light  on 
the  causes  of  venous  congestion,  A  tube  with  two  equal  arms  having 
been  fitted  to  a  sjringe,  a  brass  tube  two  feet  long,  having  several  right 
angles  in  its  course,  was  adapted  to  one  of  them,  whilst  to  the  other  was 
tied  a  portion  of  a  rabbit's  intestine  four  feet  long,  and  of  calibre  double 
that  of  the  brass  tube,  this  being  arranged  in  curves  and  coils,  but  with- 
out angles  or  crossings.     Wlien  the  two  tubes  were  raised  to  tlie  same 

•  **  Coars  de  Phyaiologie,"  t.  iv.  p.  62. 

t  "  Principles  of  Medicine,"  2nd  edit.,  p.  188. 
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heiglit,  tlie  small  metal  tube  discliarged  from  two  to  fira  times  the  qtiantity 
of  water  discharged  in  a  given  time  by  the  Larger  but  membranoiin  tube ; 
the  difference  being  greatest  when  the  strokes  of  the  piston  were  moat 
forcible  and  sudden,  by  which  the  intestine  was  much  dilated  at  ita. 
Bjringe-end^  but  con%'eyed  very  little  more  water.  When  the  diaeharg*^ 
ing  ends  were  raised  a  few  inches  higher,  the  differencse  increased  conai-^ 
derably,  tlie  amount  of  Huid  dischiirged  by  the  gut  hemg  much  diminished ; 
and  when  the  endu  were  raised  to  tlie  height  of  eight  or  ten  ifielies,  the 
gut  ceased  to  discharge,  e^ch  stroke  only  moving  the  column  of  water  in 
it,  and  this  subsiding  flgiiin,  without  rirting  high  enough  to  overflow. 
When  tlic  force  of  the  atroke  irkcreaaed,  the  part  of  the  intestine  nearest 
the  syringe  bnrst,^ — From  these  experiments  it  is  easy  to  understand, 
how  any  deficiency  of*  tone'  in  the  Venous  system  will  tend  to  prevent 
the  ascent  of  the  blood  from  the  depending  parts  of  the  body,  and  will 
consequently  occasion  an  increased  jiresaure  on  the  walk  of  the  vessels, 
and  an  augmentation  in  the  quantity  oi*  blood  they  contain.  All  t!>cae 
conditions  are  peculiarly  favourable  to  the  escape  of  the  watery  part  of 
the  blood  from  the  small  vessels ;  and  this  may  either  infiltrate  into  the 
areolar  tissue,  or  it  may  be  poured  into  some  neighbouring  serous  cavity, 
producing  dropsy.  Thus  it  happens  that  such  effusions  may  often  be 
traced  to  that  state  of  deficient  vigour  of  the  iystem,  which  pecuiiarly 
manifests  itself  in  want  of  tone  of  the  blood-vessels ;  and  that  it  is  relieved 
by  remedies  which  restore  this.  In  many  young  females  of  leiic-o- 
phlegmatic  temperament,  for  example,  then3  is  a  tendency  to  swelling  of 
the  feet,  by  cedematoua  effusion  into  the  areolar  tisane,  in  consequence 
of  the  depending  position  of  the  limbs ;  the  ccdema  di^ppears  during  the 
night,  but  returns  during  the  day,  and  is  at  its  maximum  in  the  evening. 
And  the  congestion  which  irequently  nmnifests  itself  in  the  posterior 
parts  of  the  Ixwly,  towards  the  close  of  exhausting  diaeaaes  in  whicb  the 
patient  has  Iain  much  upon  his  back,  is  attributable  to  &  similar  cause ; 
of  such  congest!  on  J  effusions  into  the  various  serous  cjivities  are  frequ^it 
results ;  and  such  effusions,  faiking  place  during  the  last  honrs  of  life,  are 
often  erroneously  regarded  as  the  soiu-ce  of  death.  To  the  same  caiise 
we  are  to  attribute  the  varicose  state  of  the  veins  of  the  leg,  which  is  so 
common  amongst  persons  of  relaxed  fibre,  and  especially  in  those  wliose 
habits  require  them  to  be  much  in  the  erect  posture ;  and  this  distension 
occasionally  proceeds  to  complete  rupture,  the  causes  of  which  ar©  fiiUy 
elucidated  by  the  experiments  just  cited. 


6,  FecuUaritm  of  the  Circulation  in  different  Parts. 

254,  In  several  portions  of  tlie  llvmian  body,  there  are  certain  varieties 
in  the  distribution  and  in  the  fiiiictional  actions  of  the  blood-vessels, 
which  shoidd  not  be  omitted  in  a  general  account  of  the  Circulation. — Of 
these,  we  have  in  the  first  place  to  notice  the  apparatus  for  the  Pnimonar^ 
cirisulation ;  the  chief  peculiarity  of  wbich  i&,  that  renoys  blood  is  sent 
from  the  heart,  through  a  tube  which  is  arterial  in  its  structure,  whilst 
arte  rial  blood  is  returned  to  the  heart,  through  a  vessel  whose  entire 
character  is  tljat  of  a  vein.  The  movement  of  the  blood  through  these  is 
considerably  affected  by  the  physical  state  of  the  hmgs  themselves ;  being 
retarded  by  any  causes  which  can  occasion  pressure  on  tlie  vessels  (such 
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as  OYer-distension  of  the  cells  with  air,  obstruction  of  their  cavity  by  solid 
or  fluid  depositions,  or  by  foreign  substances  injected  into  them,  &c.) ;  and 
proceeding  with  the  greatest  energy  and  r^ularity  when  the  respiratory 
moTements  are  freely  performed. — The  Portal  circulation,  again,  is  pecu- 
liar, in  being  a  kind  of  o£^t  from  the  general  or  systemic  circulation, 
and  also  in  being  destitute  of  valves ;  and  it  may  be  surmised  with  much 
probability,  that  the  purpose  of  their  absence  is,  to  allow  of  an  unusually 
free  passage  of  blood  from  one  part  of  that  system  to  another,  during 
the  very  varying  conditions  to  which  it  is  subjected. — Another  very 
important  modification  of  the  Circulating  system,  is  that  which  presents 
itaelf  within  the  Cranium,     From  the  circumstance  of  the  cranium  being 
a  dosed  cavity,  which  must  be  always  filled  with  the  same  total  amount 
of  oontents,  the  fiow  of  blood  through  its  vessels  is  attended  with  some 
peculiarities.     The  pressure  of  the  atmosphere  is  here  exerted,  rather  to 
keep  the  blood  in  the  head,  than  to  force  it  out ;  and  it  might  accordingly 
be  inferred,  that,  whilst  the  quantity  of  cerebral  matter  remains  the  same, 
the  amoimt  of  blood  in  the  cranial  vessels  must  also  be  invariable.     This 
inference  appeared  to  derive  support  from  the  experiments  of  Dr.  Kellie.* 
On  bleeding  animals  to  death,  he  found  that,  whilst  the  remainder  of  the 
body  was  completely  exsanguine,  the  usual  quantity  of  blood  remained  in 
the  arteries  and  veins  of  the  cranium ;  but  that  if  an  opening  was  made 
in  the  skull,  these  vessels  were  then  as  completely  emptied  as  the  rest. 
In  the  experiments  performed  by  Kussmauland  Tenner, t  it  was  found  on 
trephining  the  skull  and  compressing  the  carotids,  that  the  brain,  especially 
after  removal  of  the  dura  mater,  became  very  pale,  and  retreated  from 
the  opening  to  so  great  an  extent  as  to  form  a  cup  2  J  mm.  in  deptli ; 
whilst  on  releasing  the  pressure,  it  assumed  a  deep  rose  colour  and 
became  convex.     When,  however,  they  luted  a  piece  of  glass  air-tight 
into  the  hole  made  by  the  trephine,  as  suggested  by  Bonders,  the  pheno- 
mena were  no  longer  the  same,  for  no  movement  of  any  kind  could  then  be 
perceived  in  the  brain,  which  remained  in  all  cases  immovably  in  contact 
with  the  glass  plate ;  but  the  same  changes  in  the  tint  of  the  cerebral 
substance,  on  checking  and  again  restoring  the  current  in  the  arteries, 
were  observed.     These  experiments,  therefore,  appear  to  fiirnish  indis- 
putable evidence  that  the  circulation  of  blood  through  the  Brain  varies 
with  the  general  conditions  of  the  vascular  system,  and  is  not,  as  Dr. 
Kellie^s  experiments  appeared  to  show,  independent  of  them.     Moreover, 
in  disordered  states  of  the  circulation,  the  quantity  of  blood  in  the  vessels 
of  the  cranium  may  be  for  a  time  diminished  by  a  sudden  extravasation, 
either  of  blood  or  serum,  into  the  cerebral  substance ;  and  the  amount 
of  interior  pressure  upon  the  walls  of  the  vessels  may  also  be  con- 
siderably altered,  even  when  there  is  no  difference  in  the  quantity  of 
fluid  contained  in  them.^     It  seems  highly  probable  that  in  ^e  delicate 
and  extensive  system  of  capillaries  foimd  in  the  pia  mater  and  choroid 
plexus,  a  provision  is  made  by  which  a  large  quantity  of  cerebro-spinal 
fluid  can  be  effused  or  absorbed  in  a  short  space  of  time,  to  compensate 
for  sudden  changes  in  the  balance  of  the  circulation. 

•  "BdiDburgh  Medico-Chimrgical  Transactions,  "*  vol.  i. 
t  See  their  Basay  (Syd.  Soc.  Translation,  p.  39  et  8eq.j  1859). 
X  The  results  of  the  experiments  of  Dr.  G.  Burrows  (**  Medical  Gazette/*  April  and 
May,  1848)  fully  confirm  the  views  stated  above. 
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255*  The  Erectile  Tkmes  present  anottier  curious  modification  of  tlie 
ordujary  vascular  apparatus,  The  chief  of  these  are  the  corpora  cavamosa 
in  the  peoiB  oi  the  luale,  and  in  tJje  clitoris  of  the  female  j  the  collection 
of  similar  tissues  rotmd  the  vagina  and  in  tlte  ujmphic  of  die  female ; 
itnd  the  ntpple  in  both  sexes.  In  alt  theiie  situations,  erection  may  be 
produced^  and  in  the  cfise  of  the  penis^  t  miss  to  serninig  may  be  effected,  by 
local  irritation.  The  nerves  implicated  in  producing  erection  in  the  Dog 
were  found  by  Eckhard*  to  be,  Urst^  the  Nn.  pndend.  cofjitfinnes  proceed - 
iDg  from  the  aciatic  plexus,  and  supplying  tho  muscuJi  iacMo-cavernosi,  tho 
corpora  cavemoaa  of  tJie  penis,  and  niembrauous  portion  of  the  uf ethm  j  i 
and  second,  the  N^ervi  erigentes  proceeding  from  tiie  iacral  nerves  and  en- 
tering the  hypogastric  plexus.  This  plexus  contaiiis  minute  ganglia^  com- 
municates witli  tlie  posterior  mesenteric  plexus^  and  furnishea  brand les  lo 
the  bladder,  prostate  gland,  rectum,  and  membranous  portions  of  the 
uretlira*  After  division  of  the  former,  or  common  pudendal  nerves  in 
the  Dog,  Eckliard  found  it  imjiossible  to  produce  erection  of  tlie  penis  or 
emiffiion  of  semen  by  direct  irritation  of  the  penis.  The  Nervi  erigenteaj 
are,  however,  the  chief  excitors  to  erection,  for  on  exposing  and  irritatiiig 
them,  swelHng  of  the  penis,  gradually  proceeding  ibrwartls  lo  the  gfans, 
immediately  commenced.  Erection  may  also  oecijr  as  a  residt  of  certain 
emotional  conditions  of  tho  mind,  the  intiuence  of  which  is  protiablyJ 
transmitted  tlirough  the  Sympathetic  nerve,  as  it  may  be  experienced  even^ 
in  cafles  of  paraplegia.  The  erectile  tissue  appears  essentially  to  consist 
of  a  plexus  of  veins  with  varicose  enlargements,  inclosed  in  a  fibro-mua- 
calar  envelope  with  trabecidar  pirtitions;  the  contraction  of  which 
doubtless  in  some  way  concernetl  in  the  residt.  In  the  penis,  as  fir 
pointed-out  by  Prof.  MUller,|  there  are  two  sets  of  arteries  \  those  of  one 
set,  destined  for  the  nutrition  of  the  tissues,  communicating  with  the 
veins  tn  the  usual  way,  t!j rough  a  capillary  network ;  whilst  tlie  otbers, 
termed  by  him  the  *  h  eh  cine  iirteriea,'  are  short  tendriHike  branches, 
wliich  project  into  the  veins  (covered,  however,  by  tlieir  lining  mem- 
brane), sometimes  singly i  and  sometimes  in  tiiits,  ending  abruptly  by 
dilated  extremities.  It  was  maintained  by  Mliller^  that  the  dilated  ends 
of  these  hehcine  arteries  communicaie  directly  vnth  the  venous  cavities, 
iince  injection  thrown  into  the  former  always  fills  the  latter,  although  no 
distinct  apertures  have  been  seen  in  them  ;  and  Kotliker  stjites  that  he 
has  frequently  found  them  giving-off  delicate,  almost  cupillary  vessels, 
which  diecharge  themselves  into  the  venous  splices* J — The  proximate 
cause  of  the  erection  of  the  pcnii?,  Jias  been  stated  by  some  to  be  the  action 
of  the  ischio-cavernosi  and  the  bulbO'cavemosus  muscles,  in  compressing 
the  veins  which  return  the  bl ijod  from  the  I'lenis;  but  although  tliese 
muscles  probably  afford  assistance  in  completing  and  strengthening  the 
erection,  tliey  are  unal>le  to  effect  it  by  their  oivn  act ;  and  it  is  obvious 
that  no  analogous  power  can  be  exerted  in  other  erectile  organs,  the 
nipple  for  e.xample. — It  is  maintained  by  Prof.  Kolliker,  that  the  office  of 

*  '^Beitriige  lur  Aout.  pnd  Plim,"  Qiessenp  1863. 

+  '  Euitkckung  d^r  bei  der  Eructioa  wirk^men  Arterien,'  in   "MilUer**  Arckiv/' 
1S35,  p,  202. 

X  Kor  excelknt  accounts  of  the  miQut^  aiiatomy  of  tlie  Pea  is,  set  Latiger,  **  Sitzung 
bedcht  d.  Alcad.  £u  Wmnr  xhl,  18S3,  p.  120;  Henle,  *^Nftehr.  v.  tt  Uiiin  t.  : 
UeM.  d.  Wu&  £11  Gdttii^.,*'  1S63  ;  and  Henle  and  Tfmt,  "Zeits."  xviii.  pt.  i*  1^63 
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the  muscular  fibres  which  pass  in  every  direction  amongst  the  dilated 
veins,  is  to  keep  them  compressed  in  the  intervals  of  erection,  so  as  to 
prevent  them  from  being  distended  by  the  vis  a  tergo  of  the  blood ;  and 
that  the  stimulus  to  erection,  which  is  usually  conveyed  through  the 
nervous  system,  so  operates  upon  these  fibres  as  to  occasion  dieir  relaxa- 
tion^ whereby  the  free  distension  of  the  cavernous  veins  and  of  the  arterial 
diverticula  is  permitted.  He  refers,  moreover,  to  the  excessive  contrac- 
tion of  erectile  organs  which  is  induced  by  cold,*  and  to  die  effect  of 
warmth  in  &vouring  their  enlargement,  as  confirmatory  of  this  view ; 
and  considers  that  no  other  agency  is  required.  Now  although  we  are  so 
accustomed  to  consider  the  stimulus  of  innervation  as  exerted  in  producing 
muscular  contraction^  yet  since,  in  the  act  of  Blushing,  there  is  undoubt- 
edly a  relaxation  of  the  muscular  walls  of  the  blood-vessels  under  the 
influence  of  emotional  excitement,  there  seems  a  strong  analogical  proba- 
bility (at  any  rate,  no  a  priori  improbability)  that  the  same  may  be  the 
case  with  the  act  of  Erection.  At  the  same  time  it  must  be  understood 
that  the  act  of  erection  does  not  consist  of  mere  passive  venous  congestion, 
but  that  the  circulation  in  the  whole  organ  is  greatly  increased ;  Eckhard 
stating  that  in  the  Dog  he  obtained  eight  times  more  blood  from  the  veins 
of  the  penis  at  the  period  of  erection  dian  during  the  intervals. 


CHAPTER  VH. 

OF     RESPIRATION. 

1.  Nature  of  the  Function:  and  Provisions  for  its  Performance. 

256.  The  Nutritive  fluid,  in  its  circulation  tlirough  tlie  capillaries  of  the 
system,  undergoes  great  alterations,  both  in  its  physical  constitution  and 
in  its  vital  properties.  It  gives-up  to  the  tissues  with  which  it  is  brought 
into  contact,  some  of  its  most  important  elements;  and,  at  the  same  time, 
it  is  made  the  vehicle  of  the  removal,  from  tliese  tissues,  of  ingredients 
which  are  no  longer  in  the  state  of  combination  that  fits  them  for  their 
otfices  in  the  Animal  Economy.  To  separate  these  ingredients  from  the 
general  current  of  the  circulation,  and  to  carry  them  out  of  the  system, 
is  the  great  object  of  the  Excretory  organs ;  the  importance  of  whose 
respective  functions  will  vary,  it  is  very  evident,  with  the  amount 
of  the  ingredient  which  they  have  to  separate,  and  with  the  deleterious 
influence  which  its  retention  would  exert  on  the  welfare  of  the  system  at 
laige.  Of  all  these  injurious  ingredients.  Carbonic  Acid  is  without  doubt 
the  one  most  abundantly  introduced  into  the  nutritive  fluid ;  and  it  is 
also  most  deleterious  in  its  effects  on  the  system,  if  allowed  to  accumulate. 
— We  find,  accordingly,  that  the  provision  for  the  removal  of  this  sub- 
stance from  the  blood  is  one  of  peculiar  extent  and  importance,  especially 
in  the  higher  forms  of  animals;  and  further,  that  instead  of  being  effected 

*  The  application  of  moderate  cold,  however,  (as  in  putting-on  a  clean  shirt)  frequently 
oocasions  erection  of  the  male  nipple. 
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by  an  operation  peculiarly  Vital  (like  other  acts  of  Excretion),  its  per- 
formance is  Becured  by  b^ing  made  to  depend  upon  simple  physical  t!ondi- 
tions,  and  is  thue  comparatively  little  siisceptible  of  derangement  irom 
disorder  of  other  proaesaes*  All  that  ia  requisite  for  it,  is  Uie  exposure  of 
the  Blood  to  tFie  influence  of  tlie  Atmospheric  air  (or,  in  aquatic  aninmla^  1 
of  air  dissolved  in  M^ater),  dirough  the  medium  of  a  membrane  that  shall 
permit  the  *  diffusion  of  gases;*  an  interchange  then  taking  pkca  between 
the  gaseous  tuatters  on  tlie  two  sides^ — Carbonic  acid  being  exhaled  from 
the  BJoodj  and  being  replaced  by  Oxygen  from  tlie  air.  Thus  the  extrica- 
tion of  Carbonic  acid  i&  effected  in  a  manner  that  renders  it  sub&ervient  to 
the  introduction  of  that  element  which  is  required  for  all  the  most  active 
manifestations  of  vital  power ;  and  it  is  in  these  two  processee  conjointJj, 
not  in  either  alone,  that  the  fimction  of  Respiration  essentially  conaista.-— 
We  alialJ  now  inquire  into  the  sources  from  which  Carbonic  acid  is  pro- 
duced in  the  living  body,  and  the  causes  of  the  demand  for  Oxj'gen. 

257-  The  vital  activity  of  Uie  organism  at  largo  involves  a  continual 
change  in  its  constituent  parts ;  and  those  which  (so  to  speak)  live  the 
festest,  usually  die  the  soonest,  and  pass  most  readily  into  decay  (CHJii'. 
vrih,  Sect.  1).  Hence  in  the  v^ry  jierfbrmance  of  the  Organic  ^nctiona  . 
which  concur  to  effect  the  Nutrition  of  the  body,  there  is  a  const^nll 
source  of  disintegration ;  and  one  of  the  chief  products  of  the  decay  of 
the  tisanes,  which  is  consequent  upon  their  loss  of  vitality,  is  Carbonic 
acid. — Thus  the  most  general  object  of  the  Reajiiratory  process,  which  m 
common  to  all  forms  of  organized  being,  is  the  extrj cation  of  tlris  product 
from  tlie  system ;  and  the  demand  for  aeration  hence  arising,  wiU  vai^  i 
with  the  activity  of  the  nutritive  operations.  Now  tlie  rate  of  liie, 
and  consequently  the  amount  of  disintegration,  in  any  organized 
structure,  depend  in  great  measure  upon  the  temperature  at  which 
it  is  maintained ;  and  thus  it  happens  that  the  production  of  Car- 
bonic acid  iTom  thia  sour<^,  at  the  ordinary  rate  of  vital  activity,  is 
much  more  rapid  in  ^  warm-blooded'  tlian  in  *  cold-blooded*  animals,  and 
that  the  former  suffer  far  more  speedily  than  the  latter  from  tlie  privation 
of  air.  Bui  when  the  temperature  of  the  Reptile  is  raised  by  exter 
heat  to  tlie  level  of  that  of  the  Mammal,  its  need  for  respiration  increases, 
owing  to  the  augmented  waste  of  its  tissues.  When,  on  the  other  hand, 
the  warm-blooded  Mammal  is  reduced,  in  tlie  state  of  hybernation^  to  the 
level  of  the  cold-blooded  Eeptile,  the  waste  of  its  tissues  diminishes  lo 
such  an  eactent,  as  to  require  but  a  very  small  exertion  of  the  respiratory 
process  to  get-rid  of  the  carbonic  acid,  which  is  one  of  its  chief  products* 
And  in  those  animals  which  are  ciipable  of  retidning  their  vitality  when 
they  are  frozen,  or  when  their  tissues  are  conipletely  dried-up,  vita.1  activity 
and  disintegration  are  alike  entirely  Busj>ended,  and  consequently  tliere 
IS  no  carbonic  acid  to  he  set-free. 

^bf^.  But  another  source  of  Carbonic  acid  to  be  set-fr^e  by  the  Re^pi-^ 
ratory  process,  aud  one  which  is  peculiar  to  animals,  consists  in  tlie  raj>id 
changes  which  take  place  in  the  Musctdar  and  Nervous  tissues,  in  the 
very  act  of  |ierlbrniing  their  peculiar  functions ;  the  development  of  the 
Muscular  and  of  the  Nervous  forces  involving,  as  the  very  condition  of 
their  production,  a  change  in  the  substance  of  these  tissues  respectively ; 
in  which  change  a  large  quantity  of  Oxygen  is  consumed,  ai^d  a  large 
amount  of  Carbonic  acid  is  generated.     Hence  in  Man,  as  in  all  Anmi^U 
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in  which  the  Nervo-Muscular  apparatus  constitutes  the  essential  part 
of  the  organism,  a  powerful  demand  for  Respiration  is  created  by  its 
activity ;  the  amount  of  oxygen  taken- in,  and  of  carbonic  acid  exhaled, 
being  determined,  cceteris  paribus^  by  the  degree  in  which  this  apparatus 
is  exercised. — That  Carbonic  acid  is  set-free  ready-formed  by  the  muscles, 
and  is  not  exclusively  generated  by  the  oxidation  of  the  products  of  their 
disintegration  after  the  reception  of  these  into  the  blood-current,  has  been 
ahown  by  the  experiments  of  Dr.  G.  Liebig;*  who  foimd  that  carefully- 
prepared  frogs'  muscles  absorb  oxygen  and  exhale  carbonic  acid  so  long 
as  tfieir  contractility  lasts,  even  when  they  have  been  completely  deprived 
of  blood.  So  that,  in  this  instance,  as  probably  in  all  others  of  its  kind, 
the  first  interchange  of  gases  takes  place  in  the  parenchyma  of  the  organs 
themselves)— oxygen  being  drawn  by  them  from  the  blood,  and  carbonic 
acid  being  imparted  to  it ;  and  the  converse  change  must  be  as  constantly 
effected  in  the  lungs,  in  order  that  the  circulating  medium  may  be  main- 
tained in  the  requisite  state  of  purity. 

259.  Besides  these  sources  of  Ctu'bonic  acid  which  are  common  to  all 
Animals,  there  is  another  which  is  restricted  (or  nearly  so)  to  the  two 
highest  classes.  Birds  and  Mammals ;  these  being  distingui^ed  by  their 
power  of  maintaining  a  constantly-elevated  temperature.  A  part  of  this 
Heat  is  generated  by  the  oxygenation  of  the  components  of  their  disin- 
tegrating tissues,  and  of  their  blood,  the  metamorphosis  of  which  takes  place 
at  a  very  rapid  rate ;  but  where  this  is  not  sufficient,  their  power  of  main- 
taining their  temperature  depends  upon  the  direct  combination  of  certain 
elements  of  the  food  with  the  oxygen  of  the  air,  by  the  combustive  pro- 
cess.— The  quantity  of  carbonic  acid  that  is  generated  directly  from  tlie 
elements  of  the  food,  seems  to  vary  considerably  in  different  animals,  and 
in  different  states  of  the  same  individual.  In  the  Carnivorous  tribes, 
which  spend  the  greater  part  of  their  time  in  a  state  of  activity,  it  is  pro- 
bable that  the  quantity  which  is  generated  by  the  waste  or  metamorphosis 
of  the  tissues  is  sufficient  for  the  maintenance  of  the  required  tempera- 
ture ;  and  that  little  or  none  of  the  carbonic  acid  set-free  in  respiration, 
is  derived  from  the  direct  combustion  of  the  materials  of  the  food.  But 
in  Herbivorous  animals  of  comparatively  inert  habits,  the  amount  of 
metamorphosis  of  the  tissues  is  far  from  being  sufficient ;  and  a  large 
part  of  the  food,  consisting  as  it  does  of  substances  that  cannot  be  applied 
to  the  nutrition  of  the  tissues,  is  made  to  enter  into  direct  combination 
with  the  oxygen  of  the  air,  and  thus  to  compensate  for  the  deficiency. 
In  Man  and  other  animals,  which  can  sustain  considerable  variations  of 
climate,  and  can  adapt  themselves  to  a  great  diversity  of  habits,  the 
quantity  of  carbonic  acid  formed  by  the  direct  combination  of  the 
elements  of  the  food  with  the  oxygen  of  the  air,  will  differ  extremely 
under  different  circumstances.  It  will  serve  as  the  complement  of  that 
which  is  formed  in  other  ways ;  so  that  it  will  diminish  with  the  increase, 
and  will  increase  with  the  diminution,  of  muscular  activity.  It  will  also 
vary  in  an  inverse  ratio  to  the  external  temperature,  increasing  with  its 
diminution  (as  more  heat  must  then  be  generated),  and  diminishing 
with  its  increase;  the  effect  of  external  heat  being  thus  precisely 
opposite,  in  the  warm-blooded  animal,  to  that  which  it  exerts  on  the 

*  ''Bericht  d.  Akad.  d.  WissenBch.  zu  Berlin,**  1850,  §§  839-S47. 
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cold-blooded  (§  257). — lii  «ll  cases,  if  a  sufficient  supplj  of  food  be  not 
iiimished^  the  store  of  fUt  is  drawn  upon ;  and  if  this  be  cxlitiust^d^  the 
aiiimal  dies  of  cold, 

200,  To  recapitulate,  tben,  the  sources  of  Carbonic  Acid  in  the  animal 
l>ody  are  threefold » — i.  The  continual  decay  of  the  tiBsueB  oomiuou  to  all 
organized  btMliea,  wliicli  is  fkToiu*ed  by  whiitever  proraotea  their  vital 
activity,  and  is  retarded  by  every  inilaence  that  depresses  it* — il.  The 
metamorjjhosis  pectdiar  to  the  Ncrv^oua  and  Muscular  tissues,  which  ia 
the  very  condition  of  the  production  of  their  power,  and  M^hich  therefor©  ■ 
bears  a  direct  relation  to  tlie  degree  in  which  tliey  are  exerted. — ni.  The 
direct  converaion  of  the  carbon  and  hydrogen  of  the  food  into  c*irhomc 
acid  and  water,  which  is  peculiar  to  warm-blooded  animak ;  and  which 
varies  in  quantity,  in  accordance  with  the  amount  of  heat  to  he  generated- 

2C1.  The  activity  of  the  process  of  Respiration  in  any  Animal,  is^  as  a  i 
general  ride,  in  direct  proportion  to  the  sniaUneBS  of  the  Corpuscles  of  itt 
Blood ;  for  these,  as  has  already  been  shown  (§  168),  are  the  carriers  of 
oxygen ;  and  it  is  evident  that  a  given  weight  of  amaller  globules  will 
offer  a  larger  surface  for  the  absorption  of  oxygen,  than  an  equal  weight 
of  larger  corpuscles.  Henoe  in  Fishes  and  Repules,  which  possess  larga 
corpuscles,  tJie  provision  jbr  the  aeration  of  the  blood  is  much  less  per-  i 
fectj  and  the  amount  of  oxygen  absorbed,  and  of  carbonic  acid  eliminated 
is  considerably  smaller,  than  in  tlie  case  of  Mammals  and  Birds,  the  cor- 
puscles of  whose  blood  are  remarkably  minute.  At  die  same  time  the 
size  of  the  lungs  in  tlie  latter  classy  is  far  less  in  proportion  to  their  bulk 
than  in  most  Reptiles ;  hut  this  diminution  is  more  than  compensated  by 
the  minute  subdivision  of  their  cavities,  by  the  jjcculiarity  of  the  distri- 
bution of  tlieir  blood-vessels,  and  by  tl^e  arrangements  whereby  a^ 
continual  and  rapid  interchange,  bodi  of  the  blood  and  of  the  air,  la 
provided-for* — The  following  are  the  points  of  most  importance  in  tlte 
structure  of  the  H  uman  Lung.*  The  walls  of  the  bronchial  tubes  contain 
distinct  longitudinal  and  circular  layers  of  fibrous  structure ;  but  the 
latter  aione,  according  to  Prof  Kolliker,  contain  muscular  fibre-cells. 
These  tubes  divide  and  subdivide,  like  the  branches  of  a  tree,  sttll 
retaining  their  ordinary  characters,  until  they  are  no  more  than  from 
l-50th  to  l-r30tli  of  an  inch  in  diameter;  and  in  these  the  longitudinal 
and  annular  fibres,  together  with  the  ciliated  epithelium,  come  to  an 
abrupt  termination.  At  a  short  distance  from  tliis  point  (a.  Fig*  67)  each 
tube  terminates  in  a  slight  dilatation  (6),  into  which  open  a  number  of 
orifices  leading  into  somewhat  elongated  cavities  (c)  termed  by  Dr* 
Waters  f  "  Alr-sacs.'^  From  six  to  eight  or  ten  of  these  sacs  are  clustered 
round  the  extremity  of  every  bronchial  tube :  they  possess  exceedingly 
dehcate  waDs,  and  do  not  apjjear  to  communicate  with  one  another, 
otherwise  than  by  their  common  origin  from  the  bronchial  tube.}     They 

•  For  an  ncaflnnt  of  the  principal  forms  of  Hespimtorjr  appamtua  rwnoiig  the  Ioir«r 
Anlmalst  see  "  Pwiia  op  Ck}MP,  Puts/'  chap.  vi. ;  also  the  Memoir  by  Mr.  Rainej'  iu  tbe 
"  ll«d.-Ohirurg.  TranB.,*'  toK  j^xviii.;  iind  Prof.  Kolliker^a  "Mantint  of  Dnman  Micro- 
BCopic  Anatomy/*  18(>0,  Lond.  For  ex  eel  lei  it  general  acconnts  of  the  structure  of  the 
Huraati  Lnng,  fle<  Waters**  '*  Fothcrgillinn  Eas&j"  London,  1860;  and  Willbma  in 
the  iSupplemeat  of  the  "CycL  Anat.  and  FhjsioLogj," 

t  *'The  Ha  man  Lang,'*  Poth«ri^liaii  Frixe  Essay  ^  1860,  p.  133  d  ^. 

t  According  to  Dr.  WjIliamB,  hoverer,  the  pasoiges  corresponding  to  Dr.  Watere'a  alr- 
aac«  iaterooii]iua]ii[!ate  freely  vith  one  another^  though  not  with  those  eprin^g  from 
other  brouchial  tabet. 
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generally  increase  slightly  in  size  towards  their  closed  extremity,  and 
often  bifurcate.  The  internal  surface  of  every  sac,  and  even  of  the 
bronchial  tube  for  a  short  distance  before  it  ter- 
minates, presents  an  alveolated  or  honeycombed 
appearance.  These  minute  depressions  {d)  constitute 
the  Air- vesicles  of  the  Limg,  and  from  ten  to  twenty 
may  be  counted  on  the  interior  of  each  air-sac. 

262.  The  walls  of  the  air-vesicles  are  formed 
of  a  very  thin  and  transparent  membrane  (Fig. 
68,  c),  which  is  folded  sharply  at  the  orifices  of 
communication,  so  as  to  form  a  very  definite  border 
to  them;  and  which  is  lined  by  an  epithelial 
layer  (a),*  composed  of  minute  polygonal  cells 
of  from  l-1600th  to  l-2250th  of  an  inch  in  diameter,  and  from  l-2800th 
to  l-3800th  of  an  inch  in 

thickness.    Between  the  air-  Fio.  68. 

vesicles  is  a  kind  of  trabecu- 
lar tissue,  which  seems  to  be 
almost  entirely  composed  of 
yellow  elastic  fibres  (6) ;  and 
some  of  these  fibres  also 
coalesce  with  the  lining  mem- 
brane, so  as  to  impart  to  it 
increased  strength;  this  being 
especially  the  case  around 
the  apertures  of  commimica- 
tion  between  the  contiguous 
air-cells.  It  is  only  between 
the  lobular  groups  of  air- 
vesicles  that  connective  tissue 
exists  in  any  appreciable 
quantity. — The  diameter  of 
the  Human  air-cells  is  about 
twenty  times  greater  than 
that  of  the  capillaries  which 
are  distributed  upon  their 
parietes ;  varying  (accord- 
ing to  the  measurement  of 
Weber)  from  the  l-200th 
to  the  l-70th  of  an  inch.f 
The  capillary  plexus  (Fig. 
69)  is  so  disposed  between  the  two  layers  which  form  the  walls  of 
two  adjacent  air-cells,  as  to  exj)ose  one  of  its  surfaces  to  each ;  by  which 
provision  the  full  influence  of  the  air  upon  it  is  secured.      The  net- 

*  The  presence  of  this  layer  of  epithelium  has  been  much  contested,  and  many  eminent 
aathorities  may  be  cited  on  both  sides.  See  Zenker  ("  Beitrage  zur  Anatomie  der  Lunge,'* 
Dresden,  1862,  p.  11),  who  positively  denies  its  existence. 

+  The  dimensions  given  by  Moleschott  (*'  De  Vesiculis  Pulmonum  Malpighianis")  are 
very  much  less  than  these ;  the  range  of  diameter  being  stated  by  him  at  between  1-1 20th 
and  1>1 200th  of  an  inch.  The  Author's  own  observations,  however,  lead  him  to  regard 
Weber*8  statement  as  very  near  the  truth  ;  and  that  of  Prof.  Kolliker  is  aUnost  precisely 
the  same. 


Air-cells  of  Human  Lung,  with  intervening  tissues :-~ 
a,  epithelium ;  6,  elastic  trabeculsD ;  c,  membranous  wall, 
with  fine  elastic  fibres. 
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work  of  vessels  is  io  close ,  that  the  diameter  of  the  mealies  is  scarcely  so 
great  aa  that  of  the  capillaries  which  enclose  them ;  indeed  it  would 
be  Impossible  to  conceive  of  a  method,  by  which  blood,  whilst 
still  retaiiied  within  vessels,  should  be  spread  over  a  larger  sur- 
face Ibr  aeration.  And  if  QOt 
^^^-  ^^'  restricted  within  vesacla,  it  could  J 

not  be  ceaselessly  and  rapidly  I 
driven- on  by  the  propulsive 
power  of  the  heart,  which  actar) 
no  less  efficiently  upon  the  pul- 
monary circulation  tlitin  upon 
the  systemic,  although  the  fbrc« 
exerted  is  much  inferior,  the 
resisting  power  being  far  leas, 
in  ooiisequeiitee  of  the  shortuess 
of  the  circuit. 

263.  The  fibrous  coat  of  die 
bronchial  tubes  jiosseases  a  con- 
siderable  amount  of  muscular  j 
contractility,  which  (according! 
to  the  experiments  of  Dr,  C 
J.  B,  Williums*)  may  be  excited  by  electricid,  chemical,  or  mecliatii- 
cal  stimuli,  applied  to  themselves.  This  contractility  resembles  tliat 
of  the  intestines  or  arteries,  more  than  that  of  the  voluntary  muscles 
or  heart;  the  contraction  and  rclaxatioii  being  more  gradnal  than  that  of 
the  latter,  tliciUgh  less  tardy  tlian  that  of  tlie  ibrmcr.  It  is  chiefly  mani- 
fested ill  the  smaller  bronchial  tubes,  those  of  less  than  a  line  In  diamet,or 
having  been  seen  to  contract  gradually  under  the  stimulus  of  galvanism, 
until  dieir  cavity  was  nearly  obliterated ;  on  tiie  oIJict  hand,  in  the  traeheii 
and  the  larger  bronchi,  the  cartilaginous  rings  prevent  any  decided  dimi- 
ntition  in  the  calibre  of  the  tubes,  and  the  nniscular  structure  is  much 
less  distinct.  It  jb  doubtful  whether  the  contractility  can  be  called  into 
play  by  irritation  of  ttxQ  Pneumogastrjcs ;  Volkniannt  and  Longetf 
alarming  that  it  can,  whilst  liosenthal§  and  KUgenberg||  mainUun  that 
if  a  nmnoineter  be  inserted  into  the  trachea^  irritation  of  the  peri])heri<! 
extremity  of  the  Vagus  never  produces  any  increase  of  pressure,  which 
would  certainly  occiu*  if  the  capacity  of  tlie  broncM  diminished.  It  is 
remarked  by  Dr*  Williams,  that  the  contractility  of  the  bronchial  muscles 
IS  soon  exhausted  by  direct  stiniulation  ;  but  that  it  may  in  some 
degree  be  restored  by  rest,  even  when  the  hmg  is  removed  from  the 
body.  Wlien  the  stimulation  is  long  continued^  however,  as  by  intense 
irritation  of  the  mucous  membrane  during  life,  the  contractile  tissue 
passes  into  a  state  which  resembles  the  tonic  contraction  of  muBCular 
fibre.  The  contractility  is  greatly  affected  by  the  mode  of  death,  and  is 
remarkably  diminished  by  the  action  of  vegetable  narcotics,  particularlj 
Btramonium  and  bella<lonna ;  whilst  it  seems  to  be  scarcely  at  all  afiected 

♦  "  Eeport  of  th©  British  AssnciatinD  for  1840/*  p.  41 L 

t  "  Wagti€r*fl  HitndworterbDch*"  baud  ii.,  Art.  *  N erven phyfiiologic,'  p*  536. 

t  *^  An&t.  et  Ph^JtioL  dn  Sjitdme  Kerv^tix,*'  torn,  ii  p.  28d, 

g  "■  Die  Albeml^ewegtuigen/'  p.  232* 

II  '*  StudieD  a«ti  Ffayi.  La»atQt  «u  Breskn,"  1863,  p.  47. 
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by  hydrocyanic  acid. — These  fects  are  very  important,  as  throwing  light 
upon  certain  diseased  conditions.  It  has  long  been  suspected,  that  the 
dyspnoea  of  Spasmodic  Asthma  depends  upon  a  constricted  state  of  the 
smaller  bronchial  tubes,  excited  through  the  nervous  system,  frequently 
by  a  stimulating  cause  at  some  distance ;  and  there  can  be  now  little 
doubt  that  such  is  the  case.  The  peculiar  influence  of  stramoniimi  and 
belladonna,  in  diminishing  the  contractility  of  these  fibres,  harmonises 
remarkably  with  the  well-known  fact  of  the  relief  frequently  afforded  by 
them  in  this  distressing  malady.  It  seems  not  improbable  that  this 
contractility  of  the  bronchial  tubes  may  serve  to  regulate  the  supply  of 
air  to  the  lobules,  in  accordance  with  the  wants  of  the  system,  just  as  the 
contractility  of  the  minute  aiteries  regulates  the  supply  of  blood  to  the 
organs  to  which  they  proceed;  and  it  may  possibly  be  through  this 
channel,  that  the  remarkable  variation  is  effected  in  tlie  amoimt  of  re- 
spiration, which  adapts  the  quantity  of  heat  produced  to  the  depression 
of  the  external  temperature  (§  259).  It  has  been  further  suggested  by 
Dr.  W.  T.  Grairdner,*  that  the  contractility  of  the  smaller  bronchi  may 
serve  to  expel  collections  of  mucus  which  have  accumulated  in  them,  and 
which  neither  ciliary  action  nor  the  ordinary  expiratory  efforts  suffice 
to  displace.f 

264.  Although  there  is  no  sufficient  reason  to  believe  that  the  Limgs 
are  possessed  of  any  power  of  vital  contractility,  yet  their  Elasticity 
prevents  them  from  being  altogether  passive  agents  in  the  respiratory 
operation.  The  elastic  tension  is  rapidly  increased  by  the  dilatation  of 
the  lungs  with  air; J  and  the  carefiilly-conducted  experiments  of  Dr. 
Hutchinson  §  lead  him  to  estimate  it  at  certainly  not  less  than  ^  lb.  upon 
each  square  inch  of  surface,  when  the  limgs  have  been  filled  by  the  deepest 
possible  inspiration;  so  that  its  whole  amoimt  (reckoning  an  average 
surface  of  300  sq.  in.  for  the  male,  and  247  sq.  in.  for  the  female)  will  be 
not  less  than  150  lbs.  for  the  male,  and  123^  lbs.  for  the  female.  This 
force  is  exerted  in  aid  of  the  expiratory  movement,  and  is  directly  anta- 
gonistic to  the  inspiratory ;  so  that  the  inspiratory  muscles  must  over- 
come it,  in  order  to  produce  complete  distension  of  the  pulmonary  cavities. 
This  distension  is  entirely  accomplished  by  the  action  of  the  muscles 
external  to  the  thorax,  or  partly  forming  its  parietes. 

265.  The  mechanism  of  the  respiratory  acts  may  be  rendered  clearly  in- 
telligible by  the  accompanying  diagram,  in  which  the  trachea  and  limgs  (5, 
6,  Fig.  70)  are  enclosed  in  a  glass  vessel  with  three  openings.  The  lower 
opening  (2)  is  closed  by  a  bladder  or  piece  of  caoutchouc,  representing  the 
diaphragm,  and  capable  of  being  either  pushed  into  the  cavity  of  the  vessel 
or  of  being  drawn  down  by  a  weight.     The  upper  opening  is  closed  by  a 

♦  "Edinbui^b  Monthly  Journal,"  May,  1851. 

+  It  has  been  maintained  by  Dr.  Radclyffe  Hall  {**  Transactions  of  Proyincial  Medical 
AflsociaUon,**  1850),  that  the  contractility  of  the  bronchial  tubes  is  called  into  action  in 
each  expiratory  movement,  to  assist  in  emptying  the  lungs.  But  no  evidence  has  been 
adduced  in  support  of  this  doctrine ;  and  its  improbability  is  apparent  from  the  obvious 
fact»  that  a  contraction  of  the  air- tubes  would  impede,  rather  than  promote,  the  emptying 
of  the  air-vesicles. 

X  Bonders  estimates  the  expiratory  force  derived  from  the  elasticity  and  muscular 
tension  of  the  Lungs,  and  coming  into  play  in  ordinary  respiration,  as  equal  to  a  column 
of  mercury  about  l-3rd  of  an  inch  in  height.  See  his  Essays  in  Uenle  and  Pfeuffer  b 
**  Zeitach.,"  band  iii.  and  iv. 

§  *♦  Cyclopaedia  of  Anatomy,"  Art.  *  Thorax,'  vol.  iv.  p.  1058. 
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cork^  throtigh  which  a  gkss  tube  (4),  tirinly  atmehed  to  the  trsehea,  [ 
The  latent!  opening  (7)  is,  connected  with  a  manometer  (c,  d)  by  a  tub 
(ft),  having  u  small  lateral  branch  (a)  opening  to  the  air.  If  the  oj:»enlng8 
(a  and  4)  be  now  stopped  whilst  tlie  bladder  is  extended  bj  the  weight 
(3)^  the  rarefaction  of  tlie  air  in  the  glaaa  veaael  will  be  made  apparent 
by  the  rise  of  the  mercury  in  the  arm  (r)  of  the  manometer.  It  is 
obvious  tlrnt  the  pressure  of  the  air  withirj  and  without  the  lungs  will  be 
dilTerent,  and  coaaequently,  on  opening  the  oriiice  of  the  tube  (4)  air 


Fia.  70* 


/^ 


Apjwnhu  odnfltmcted  bj  Doiideri  ta  show  tHe  MiH^Uiuilijn  of  the  BeipiraUan* 


will  rush  through  it  and  the  trachea  to  equalize  the  pressure  as  far 
as  the  elasticity  of  the  lung  will  permit-  Such^  with  the  excep- 
tion that  in  the  living  body  no  air  intervenes  between  the  sur- 
face of  the  lung  and  the  walls  of  the  thorax,  and  therefore  no  rare-^ 
Miction,  but  oidy  a  tendency  to  a  vacuum  occurs,  are  the  condi- 
tions present  in  the  ordinary  act  of  inspiration*  On  the  contrary^ 
with  the  same  exception,  the  act  of  expiration  may  be  imitated  by 
puBhing  the  bladder  into  the  vessel ;  for  theii  the  pressure  on  the  exterior 
of  tlie   limgs  will   be  lucreaaed,   the  mercury    in   the  arm  (e)  of  the 


GENERAL   STRUCTURE  OF  THE   RESPIRATORY   ORGANS.  271 

manometer  will  descend,  and,  aided  by  their  own  elasticity,  the  lungs 
will  contract  upon  and  drive  out  the  air  contained  within  their 
cavities. 

266.  The  complete  dependence  of  the  expansion  of  the  Lungs  upon  the 
enlargement  of  the  cavity  of  the  chest,  is  well  shown  by  the  effect  of 
admission  of  air  into  the  pleural  cavity.  When  an  aperture  is  made  on 
either  side  (as  by  removing  the  finger  from  the  orifice  of  the  tube  a  in 
the  apparatus  represented  in  Fig.  70),  so  that  the  air  rushes-in  at  each 
inspiratory  movement,  the  expansion  of  the  lung  on  that  side  is  diminished, 
or  entirely  prevented,  in  proportion  to  the  size  of  the  aperture.  If  air 
can  enter  llurough  it  more  readily  than  through  the  trachea,  an  entire 
collapse  of  the  lung  takes  place ;  and  by  making  such  an  aperture  on 
each  sidcv  complete  asph}Tda  is  produced.  But  if  it  be  too  small  to  admit 
the  very  ready  passage  of  air,  the  vacuum  produced  by  the  inspiratory 
movement  is  more  easily  filled  by  the  distension  of  the  lungs,  than  by  the 
rush  of  air  into  the  pleural  cavity ;  so  that  a  sufficient  amount  of  change 
takes  place  for  the  maintenance  of  life.  This  is  frequently  observed  in 
the  case  of  penetrating  wounds  of  the  thorax,  in  the  surgical  treatment 
of  which  it  is  of  great  importance  to  close  the  aperture  as  completely  as 
possible ;  when  this  has  been  accomplished,  the  air  tliat  had  found  its 
way  into  the  cavity  is  soon  absorbed,  and  the  lung  resumes  its  full  play. 
Where  one  lung  is  obstructed  by  tubercular  deposit,  or  is  prevented  in 
any  other  way  from  rightly  discharging  its  function,  an  opening  that  freely 
admits  air  into  the  pleural  cavity  of  the  other  side  is  necessarily  attended 
with  an  immediately -fatal  result ;  and  in  this  manner  it  not  unfrequently 
happens  that  chronic  pulmonary  diseases  suddenly  terminate  in  Asphyxia, 
a  communication  being  opened  by  ulceration  between  a  bronchial  tube 
and  the  cavity  of  the  thorax. 

267.  Of  the  Respiratory  Movements, — Every  complete  act  of  respiration 
may  be  divided  into — 1,  Inspiration  ;  2,  Pause,  often  absent  and  always 
of  short  duration ;  3,  Expiration  ;  4,  Pause,  which  according  to  Vierordt* 
is  about  equal  to  one-fifth  of  tlie  entire  period  occupied  by  each  act  of 
respiration.  Sibson,  Vierordt,  and  others  have  established  experimentally 
that  the  duration  of  the  inspiration  is  to  that  of  expiration  as  10  :  14  in 
the  child,  female,  and  old  person ;  and  as  10 :  12  in  the  adult  male.  In 
ordinary  tranquil  breathing  (especially  in  children),  the  action  of  the 
diaphragm  is  alone  nearly  sufficient  to  produce  the  necessary  exchange 
of  air ;  but,  when  a  full  inspiration  is  required,  the  cavity  of  the  chest  is 
dilated  laterally  and  antero-posteriorly,  as  well  as  inferiorly.  The  en- 
largement of  the  chest  in  both  these  directions  is  effected  by  the  elevation 
of  5ie  ribs ;  for  whilst,  in  the  imdilated  state  of  the  thorax,  the  ribs  form 
an  angle  with  their  cartilages,  which  become  less  and  less  obtuse  as  we 
pass  from  the  first  rib  downwards,  the  elevation  of  the  ribs  tends  to  bring 
them  and  their  cartilages  more  nearly  into  a  line,  and  thus  separates  them 
more  widely  from  the  median  plane,  and  at  the  same  time  causes  them 
to  push  forwards  the  sternum.  Owing  to  the  greater  length  of  the  lower 
true  ribs,  and  the  greater  obliquity  of  their  jimction  with  their  cartilages, 
both  these  changes  are  more  considerable  in  the  lower  part  of  the  thorax 
than  in  the  upper ;  and  this  is  especially  the  case  in  adult  men,  whose 
respiration  has  been  designated  as  *•  inferior  costal,*  whilst  in  females  the 

•"PhyBiologie,"p.  156. 
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mobility  of  the  first  rib  and  of  the  whole  of  the  upper  part  of  the  ' 
thorax  is  greater,  so  that  their  respiration  mnj  be  designated  aa  *  su- 
perior costal/— The  thoracic  muacles  whose  contraction  participates  m 
the  ordiimry  movemetits  of  Inspiration,  are^  acoording  to  Dr.  Hutchin- 
son,* the  eoiternal  intercostal,  with  those  portions  of  tlie  internal  in' 
tercoatals  which  piisa  between  the  ciirtilages,  the  leva  tores  cosUmim,  and 
a  portion  of  the  triangularis  sterni,  all  of  which  have  the  same  action, 
tlrnt  of  elevating  the  ribs.  On  tlie  other  hand,  the  thoracic  Expiratory 
rausclea  are  the  proper  costal  portion  of  the  inteniai  intercostal s,  vith 
the  infiracostaiB,  and  a  part  of  the  triangularis  stem!.  The  expiratory 
movement  will  be  assisted  also  by  the  abdominat  muscles,  which  antago- 
nize the  diaphragm  by  pressing-back  the  abdominal  viscera,  and  thus 
causing  its  ascent  so  soon  as  it  has  become  relaxed.  There  are  many 
accessory  muscles^  however,  whicli  take  a  sliare  in  violent  respiratory 
movements,  both  inspiratory  and  expiratory.  Thus  all  the  muscles  which 
elevate  the  scapula,  may  act  through  it  upon  the  ribs,  and  the  ficaleni 
act  directly  upon  the  first  rib ;  whilst  all  those  which  erect  the  Hpine^  fix 
more  perfectly  the  origins  of  these  and  other  muscles  which  are  to  act 
upon  the  thorax.  S0|  agauii  the  expiratory  movement  is  aided  by  the 
longisaimus  dorai,  aacro-luraljalis,  and  other  muscles  wMch  tend  to  depress 
the  ribs.  In  difficult  respiration,  almost  every  muscle  in  tlie  bocly  is 
made  in  some  way  subservient  to  the  distension  of  the  chest ;  thus,  a 
patient  suffering  under  urgent  dyspncea  instinctively  lays  hold  of  some 
fixed  object,  so  as  to  prevent  his  upper  extremities  from  moving ;  and 
thus  his  scapula  becomes  a  fixed  point,  from  which  the  pectorales  (major 
and  minor)  and  serratus  magnus  can  aid  in  elevating  the  ribs, 

268*  The  relative  amount  of  muscular  force  which  is  recjuired  for  these  ' 
two  movements  respectively,  is  affected  in  a  very  remarkable  manner  by 
the  elasticity  of  the  walls  of  the  thoracic  cavity ;  for  this  (like  the  elasticity 
of  the  lung^)  aiippliea  a  force  which  greatly  aids  the  (^.rpiratory  move^ 
ment,  whilst  it  offers  a  corresponding  opposition  to  tlie  tVjspiratory* 
Here,  alsOj  tlie  degree  of  force  exerted  iu  creases  veiy  rapidly  with  the 
degree  of  distension.  Thus  in  a  body  experimented-on  by  Dr*  Hutch- 
inson, f  the  following  were  the  relations  between  the  amount  of  air 
forced-in,  the  resisting  elasticity,  as  shown  by  the  height  of  mercury  sup- 
ported, the  actual  pressure  upon  each  square  inch  of  surfiice  which  this 
indicated,  and  the  total  pressure  over  the  suriace  of  the  chest,  reckomiig 
its  area  at  206  square  inches  : — 

Prtimurr  in  Jk«i^ht 

Airforeedtn  70    Eralfittag  elastldtj  1*00  inch. 

„  180  „  „         3,2S    „ 

n  200  „  „         4-50    „ 

To  this  451-9  lbs.  must  b©  added  at  least  128  lbs,  for  the  elastic  force  of 
the  lungs  themselves  at  tliat  degree  of  distension,  making  altogether 
580  lbs, ;  and  as  the  aubject  of  thii  observation  could  expire  during  life 
considerably  more  air  than  the  highest  amount  forced  into  his  chest  after 
death,  there  can  be  little  doubt  {judging  from  the  rapid  ratio  in  which 
the  elastic  force  increasea  when  the  distension  is  approaching  its  limits) 

•  Op.  dt.,  p.  ]055.  tOp.  til,,  p.  105(J. 


Pf^euttrv 

T^fM 

per*qA». 

Pf^ttUt^t. 

7  8oa, 

104^4  lbs. 

11  *T   .. 

150*^)  „ 

25-3   „ 

326-3  „ 

35^  „ 

451  9  „ 
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that  the  muscular  power  required  to  overcome  this,  towards  the  close  of 
a  very  deep  inspiration,  could  not  have  been  less  than  1000  lbs.  The 
co-operation  of  the  elastic  resistance  with  the  expiratory  movement,  and 
its  antagonism  to  the  inspiratory,  is  doubtless  the  principal  cause  why  the 
power  of  the  expiratory  muscles,  as  tested  by  the  height  of  the  column  of 
mercury  supported  by  the  air,  should  always  be  greater  than  that  of  the 
inspiratory  muscles;*  and  why  the  expiratory  power  should  be  very  much 
greater  when  the  chest  has  been  well  filled  with  air,  than  when  it  is  com- 
paratively empty.  The  following  is  given  by  Dr.  Hutchinson  as  the  range 
through  which  ^ese  powers  may  vary  within  the  limits  of  health : — 

Pom0r  of  Pow€r  of 

JntfirtUorff  Mu$eU$.  Exfiratorji  Miuelm, 

1*5  inch.    Weak 2'0  inches. 

20    „        Ordinary 2*6      „ 

4*5    ,,        Remarkable 5*8      „ 

7*0    ,,        Very  extraordinary 10*0     „ 

The  expiratory  power  may  be  augmented  by  the  habitual  performance  of 
movements  in  which  they  participate ;  and  thus  the  inspiratory  power  is 
the  preferable  test  of  the  via  vitce.  This  has  been  found  by  Dr.  Hutchin- 
son to  bear  some  relation  to  height,  being  greatest  (on  an  average  of  a 
considerable  number  of  cases)  when  the  stature  is  5  feet  7  or  8  inches ; 
and  diminishing  above  that  height,  as  well  as  below  it. 

269.  It  is  impossible  to  form  a  correct  estimate,  by  observations  on 
one's-self,  of  the  usual  number  and  extent  of  the  respiratory  movements; 
since  the  direction  of  the  attention  to  them  is  certain  to  increase  their 
frequency  and  amount.  In  general  it  may  be  stated,  that  from  16  to  20 
alternations  usually  occur  in  a  minute  ;f  of  these,  the  ordinary  inspira- 
tions involve  but  little  movement  of  the  thorax ;  but  a  greater  exertion 
is  made  at  about  every  fifth  recurrence.  According  to  Quetelet,  the  infent 
at  birth  breathes — 

44  times  per  minute. 

At   5  years  of  age 26  „ 

„  15  to  20 20  „ 

„  20  „  25 18-7 

„  25  „  80 16 

„  80  „  50 181 

The  average  numerical  proportion  of  the  respiratory  movements  to  the 
pulsations  of  the  heart,  is  about  1:5,  1 :  4^,  or  1:4;  and  when  this  pro- 
portion is  widely  departed-from,  there  is  reason  to  suspect  some  obstruc- 
tion to  the  aeration  of  the  blood,  or  some  disorder  of  the  nervous  system.} 

*  See  Dr.  Hatchinson,  Op.  cit,  p.  1061. 

t  See  Dr.  Hutchinson's  Table,  in  "Oydop.  of  Anat  and  Phys./'  rol.  ir.  p.  1085. 

%  ▼.  Ghert  has  shown  that»  during  Tiolent  exertion,  the  respirations  increase  in  frequency 
more  than  the  pulsations ;  but  that  in  the  subsequent  period  of  rest^  the  increased  acti- 
Tity  of  the  cardiac  movements  is  more  persistent  than  that  of  the  respiratory.  Donders 
("  Physiol./*  2  Aufl.  bajid  i.  §  128)  and  Moleschott  and  Moriggia  have  experimentally 
proved,  that  though  there  is  generally  a  close  connection  in  the  rhythmical  performance 
of  these  two  acts,  yet  that  this  is  by  no  means  necessary  or  constant^  for  it  was  possible 
to  obtain,  on  irritation  of  the  centric  extremities  of  the  cut  Vagi,  an  increase  in  the  num- 
ber of  pulsations,  with  a  stoppage  of  the  diaphragm,  either  in  expiration  or  inspiration, 
or,  vice  vend,  diminution  of  the  pulse  and  acceleration  of  the  breathing :  e£fects  which 
they  attempt  to  explain  on  the  supposition  that  the  irritation,  carried  to  the  Vagal 
Centrum,  is  reflected  downwards,  either  through  the  Phrenics  upon  the  Diaphragm,  or 
through  the  Cardiac  nerves,  upon  the  Heart,  sometimes  calling  one  and  sometimes  the 
other  chiefly  into  play.     (Moleschott*s  "  Unters.,"  band  ix.  1868,  p.  172.) 
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Thjm  in  Pneumonia,  in  wliidi  a  greater  or  less  amount  of  tLe  limg  is  unfit 
for  its  office,  the  number  of  respirations  inCTaas^^  in  a  more  rapid  pro- 
portion than  the  acceleration  of  the  pulae ;  so  that  the  ratio  becomes  an  ] 
1  to  3 J  or  even  1  to  2,  in  accordance  witli  the  degree  of  engoi^emeet.* 
In  Hysterical  patients^  howeyer,  a  similar  increafie^  or  even  a  greater  one, 
m&j  take  place  without  any  Berious  cause;  thus  Dr,  Elliotsonf  mentiona  i 
a  case  in  which  the  respiratory  movements  of  a  joimg  female^  through  1 
nervous  aflTection,  were  98  or  even  lOC^  whilst  the  pulse  was  104.     Ou 
the  other   band,  the  respiration   in  certain  typhoid   conditions  and  ia 
narcotic  poisoning  becomea  abnormally  alow,  owing  to  the  torf)id  condition  . 
of  the  nervous  centres,  the  proportion  lieing  1  to  (t,  or  even  1  to  8 ;  and  j 
in  such  caseSf  tbe  hmgs  not  un  frequently  become  <Bdematous,  irora  a,  causa  j 
hereafter  to  be  mentioned  (§  281). 

270,  Not  only  the  rate  of  tbe  Respiratory  movements,  hut  also  their 
extent,  ia  ajfected  by  \"arious  morbid  conditions ;  thus  when  dislocation 
of  the  spine  takes  place  above  the  origin  of  the  intercostal  nerves^  but 
below  that  of  the  phrenic^  so  that  the  ibrnier  are  paralysed,  the  respira- 
tory movement  is  confined  to  the  diaphragm :  and  as  rfijs  is  lUfiuffideut, 
serum  is  effused  into  the  lungs,  and  a  slow  Asphyxia  supervenes*  which 
iiaually  proves  fatal  in  from  three  to  seven  days.     Even  where  the  muscles 
and  nerves  are  all  capable  of  action,  tlie  fiiU  performance  of  the  inspira- 
tory movements  is  prevented  by  the  solidification  or  engorgement  of  any 
part  of  the  lung^  which  interferes  with  its  fi-ee  thstension ;  or  by  adlieiioiiS| 
between  the  pleural  suriacea,  which  offer  a  still  more  direct  impediment*  ' 
When  these  adhesions  are  of  long  standing,  tJ^ey  are  commonly  stretched 
into  bands,  by  the  continual  tension  to  which  they  are  subjected^     If  the 
impeding  cause  affect  both  sides,  the  movements  of  both  wOl  be  aliko 
interfered -with ;  but  if  one  side  only  be  affected,  its  movements  will  be 
diminished^  whilst  those  of  the  other  remain  natural ;  and  the  pliygiciau 
hence  frequently  derives  an  indication  oi*  great  value,  in  regard  to  the  ^ 
d^ree  in  which  the  Jung  has  become  inciipable  of  performing  its  fuuctionflfe } 
It  is  to  be  remembered^  however,  that  the  action  both  of  lie  diaphragm 
and  of  the  elevators  of  the  riba  may  be  prevented,  by  pain  eitlier  in  3ie 
muscles  themselves  or  in  the  parts  which  they  move ;  thus  the  descent  of 
the  i^aphragm  is  checked  by  inflammation  of  the  abdominal  viflcera  or  of 
the  peritoneum  ^  and  the  play  of  the  intercostals  by  rheumatism,  pleuritia, , 
pericarditis,  or  other  painful  disorders  of  the  parts  forming  the  parieteaj 
of  the  thorax. 

271,  We  have  now  to  inquire  into  the  mode  in  which  the  MusculBr^ 
movements  of  Respii^tion  are  kept-up  hj  nervous  power. — ^There  can  b© 
no  doubt  that  these  movement^  though  partly  under  the  control  of  the 
Will,  are  essentially  *  automatic*  in  their  nature.  Their  chief  centaies 
consist  of  two  ganglia  placed  on  either  side  of  the  point  of  the  Calamus 
Scriptorius.,  and  connected  hy  a  grey  commij®ure;J  corresponding  there- 

*  See  a  Paper  bj  Dr,  Hooker^  od  tfee  '  Eolation  betwijen  the  ReGpiratoiy  and  Oinmla- 
tiitg  FunetioDs/  m  the  "  Boston  (N^.E.)  Medical  and  Bnrgieal  Jonnml  t*  ^  iihEtntot  of 
which  will  ho  fouiid  in  the  "  Bntleh  tind  Foreign  Medical  Eertew,"  yo\.  it*  p*  263. 

t  "  Ptjftlology/*  p-  215,  wote. 

t  See  Longet  {*'  Phyaiologie/'  1861,  vol.  iL  p.  306),   Flonrena  ('^GcmapteB  B«ndii«." 
1851,  p  437.  ftod  185SK  Bmwn'S^f^uard  ("Jonrnal  de  k  Phjaiologie/' toL  i.  185»pJ 
p,  282),  Schiff  {''  Plijiiologie,^*  IM9,  p.  323). 
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fore  to  the  origins  of  the  Pneiunogastric  Nerves,  which  are  the  principal 
excitor  nerves  that  convey  the  stimulus  on  which  the  movements  are 
dependent,  whilst  from  the  adjacent  parts  of  the  Mediilla  Oblongata  and 
Spinalis  proceed  the  chief  motor  nerves  by  which  they  are  carried  into 
effect.  And  thus  it  happens  that  the  whole  of  the  Encephalon  may  be 
removed  from  above,  and  the  Spinal  cord  (as  &r  up  as  the  origin  of  the 
phrenic  nerve)  from  below,  without  suspending  the  most  essential  of  the 
respiratory  movements.  But  other  parts  of  the  automatic  centres  are 
concerned  in  the  ordinary  movements  of  respiration ;  and  there  is  pro- 
bably no  part  that  may  not  be  excited  to  action,  by  the  extraordinary 
stimulus  which  results  from  a  prolonged  interruption  to  the  aeration  of 
the  blood  (§  267). 

272.  The  chief  "  excitor"  of  the  respiratory  movements  is  imquestion- 
ably  the  Pneumogastric  Nerve.  But  as  the  movements  of  respiration 
confflst  of  an  inspiratory  and  an  expiratory  act,  each  of  which  may  be 
induced  by  its  appropriate  stimulus,  so  it  appears  that  a  double  function 
is  attributable  to  these  nerves;  and  that  whilst  irritation  of  their  pulmonary 
branches  leads  to  contraction  of  the  diaphragm,  and  therefore  to  an  act  of 
inspiration,  irritation  of  the  sensory  branches  of  the  superior  laryngeal 
nerve  induces  relaxation  of  the  diaphragm  and  contraction  of  the  expi- 
ratory muscles,  as  may  be  observed  in  the  energetic  act  of  expiration 
produced  by  the  contact  of  a  foreign  body  with  the  extremely  sensitive 
lining  membrane  of  the  Larynx. — The  effects  of  section  of  the  Vagi 
appear  to  differ  considerably  in  different  animals.  When  made  on  one 
side,  the  effects  are  not  constant  ;*  but  when  the  nerves  are  divided  on  both 
Bides,  according  to  the  experiments  of  Dr.  J.  Reid,f  the  number  of  respi- 
ratory movements  in  dogs  is  considerably  diminished,  usually  by  about 
one-half.  Rosenthal}  found  that  after  double  section  in  pigeons  the  fre- 
quency of  the  respirations  fell  in  the  proportion  of  8  : 1.  The  depth  of 
each  inspiration  increased,  however,  as  1 :  2*5 ;  the  respiratory  activity, 
therefore,  was  altogether  diminished  to  about  one-third  of  its  original 
amount.  The  effect  of  the  double  section  in  rabbits  was  found  both  by 
Rosenthal  and  Gilchrist  to  be  imcertain,  though  generally  speaking  there 
was  no  material  alteration ;  the  diminution  in  the  frequency  of  ^e  acts 
being  compensated  for  by  a  proportionate  increase  in  the  depth  of  each 
inspiration,  which  at  the  same  time  assumed  a  sudden  and  spasmodic 
character,  with  long  intervening  pauses.  The  trunks  of  the  Pneumo- 
gastric Nerves  are  not  endowed  with  much  sensibility;  for  if  pinched  or 
pricked,  the  animal  does  not  exhibit  nearly  such  acute  signs  of  pain  as 
when  the  tnmks  of  the  ordinary  spinal  nerves  or  of  the  Fiflh  pair  are 
subjected  to  similar  treatment.  The  effects  of  the  application  of  a  feeble 
electrical  stimulus  to  the  central  end  of  a  divided  Pneumogastric  nerve 
was  observed  by  Rosenthal  to  be  followed  by  slight  acceleration  of  the 
respiratory  movements, — ^in  effecting  which,  both  the  inspiratory  and 
expiratory  muscles  participated ;  but  if  the  stimulus  were  increased  in 
strength,  tetanus  of  the  diaphragm  supervened,  followed,  when  the  nerve 
was  exhausted,  either  by  complete  relaxation  of  the  muscle,  or  by  a  kind 
of  vibratory  movement  in  its  fibres. 

•  Gilchrirt,  "  Med.-Chir.  Rer.,"  1868,  vol  ii.  p.  496. 

t  "  Sdinb.  Med.  and  Sarg.  Journ./'  rol.  li. ;  and  "  Phys.,  Anat.,  and  PathoL  Res./' 
p.  177.  t  "  Comptea  Rendua,"  1861,  p.  764. 
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273.  The  stimulus  to  the  excitor  activity  of  the  pulmonary  branches 
of  the  Pueumogastric  nen-^es,  haa  generally  been  considered  to  be  the 
presence  of  venoua  blood  in  the  capillariea  of  the  longB,  or  of  carbonic  acid 
in  the  abr-cella  (Marsh all  Hall) ;  but  the  experiments  of  Traube  uppear 
to  ahow  that  the  proportlott  oi"  ciirbonic  ucid  in  the  blood  has  no  di] 
inflneiice  on  the  number  of  the  respiratory  movements,  since  it  may 
become  greatly  dhniuiiihed  withottt  causing  them  to  become  feeble ;  whilst, 
acctjrding  to  RegnanJt  and  Reiaet,  it  may  rise  to  an  unusually  high  per- 
centage without  making  tliem  more  energetic.  Hence  it  would  appear 
that  it  iH  the  deficiency  of  oxygen,  rather  than  the  presence  of  carbo] 
itcid,  which  ia  to  bo  regarded  aii  the  true  stimulus  to  the  respiiato] 
movements;  for  the  respiratory  movements  become  weaker  in  proportion 
as  there  is  more  oxygen  Jn  the  bloody  and  they  cease  altogether  when 
the  proportion  riee^  to  a  c^rt^iin  amount.  On  the  contrary,  with  the 
diminution  of  oxj^gen  in  the  blood  the  respiratory  movements  become 
stronger,  provided  that  the  function  of  the  respiratory  centres  is  not  too 
seriously  impaired, 

274,  But  why  (it  may  be  nsked)  do  the  movements  continue,  when  the 
Pneumogastrics  have  been  divideil,  and  the  Encephalun  hits  been  removed  I 
It  is  evid^ii  tlmt  there  mu^t  be  other  excitors  to  the  miction  of  the  tes^* 
ratory  muscles.  Amongst  these,  the  nervea  distributed  to  the  general 
flurfacej  and  parti ciUarly  to  the  face,  probably  perform  an  important  part ; 
and  in  exciting  the  first  inspi ration ^  the  Fiflh  pair  seems  tlie  princi 
agent.  It  has  long  been  a  well-known  fact,  that  the  first  inspiralo] 
effort  of  the  new-bom  infant  is  most  Yigorously  performed  when  the  cool 
external  air  comes  into  contact  with  the  face ;  and  that  impressions  on 
the  general  surface,  sucli  ub  a  Rlap  of  the  hand  on  the  nates,  are  often 
effectual  in  exciting  the  first  inspiratory  movements^  when  they  would  not 
otherwise  commence.  Dr.  M,  llall  relates  an  interesting  case^  in  which 
the  first  inspiration  was  delayed,  simply  because  the  face  wa^  protected 
by  the  bed-clothes  fi'Om  the  atmosphere;*  and,  on  lifting-up  these,  the  in- 
fant immediately  breathed.  Dr.  M.  Hall  has  also  mentioned  the  important 
feet,  that  although,  if  the  cerebrum  be  remoYed,  and  the  pneumogaatrics 
divided,  io  a  young  kitten,  the  number  of  acts  of  respiration  will  be 
reduced  to  four  in  a  minute^  yet  by  directing  a  stream  of  air  on  the 
animal,  or  by  irritating  various  parts  of  the  general  sur£ice,  we  may 
excite  twenty  or  thirty  acts  of  respiration  within  the  same  space  of  time. 
He  further  remarks  that  in  the  very  yoimg  Wiirm- blooded  animal,  aa  in 
the  cold-blooded  animal,  the  phenomena  of  the  excito-motor  power  aie 
iar  more  vividly  manifested  than  in  the  older  and  warm-blooded.  In 
the  very  young  kitten,  even  when  asphyxiated  to  insensibility,  every 
touch,  contact,  or  slight  blow,  every  jar  of  the  table,  any  sudden  im- 
pression of  the  external  air,  or  that  of  a  few  drops  of  cold  water ,  induces 
at  once  energetic  reflex  movements  and  acts  of  inspiration.  This  may 
be  looked  upon  as  Nature's  provision  for  the  first  ^tabliahment  of  the 
respiratory  function  in  the  new-bom  animal. — But  the  influence  of  the 
nerves  of  the  general  system  is  by  no  means  wanting  in  the  adult ;  as 
many  familiar  facts  demonstrate*  Thus  every  one  knows  that  die 
first  plunge  into  oold  water,  or  the  first  descent  of  the  streams  of  the 
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eihower-bath,  or  even  the  dashing  of  a  glass  of  cold  water  in  the  &ce,  will 
produce  inspiratory  efforts ;  and  this  &ct  has  many  important  practical 
applications.  Thus  in  the  treatment  of  Asphyxia,  whether  congenital, 
or  the  result  of  narcotic  poisoning,  drowning,  &c.,  the  alternate  appli- 
cation of  cold  and  heat  is  found  to  be  one  of  the  most  efficacious  means 
of  restoring  the  respiratory  movements;  and  a  paroxysm  of  hysteric 
laughter  may  be  cut-short  by  dashing  a  glass  of  cold  water  in  the  &ce. 
One  of  Dr.  Reid^s  experiments  strikingly  demonstrates  the  variety  of  the 
provisions  that  have  been  made  for  the  performance  of  this  function.  After 
dividing  the  pnemnogastrics,  and  removing  the  cerebrum  and  cerebellum, 
he  divided  the  spinal  cord  high-up  in  the  neck,  so  as  to  cut-off  the  com- 
munication between  the  spinal  nerves  and  the  Medulla  Oblongata ;  and  he 
foimd  that  the  frequency  of  the  respiratory  movements  was  still  further 
diminished,  although  they  were  not  even  flien  entirely  suspended ;  their 
continuance,  after  every  channel  of  excitation  appeared  to  have  been  cut 
off,  being  probably  dependent  (as  he  himself  suggested)  on  the  circulation 
of  imperfectly-aerated  blood  in  the  Medulla  Oblongata.  M.  Brown- 
S^uard*  has  lately  paid  particular  attention  to  the  rhyOimical  movements 
of  the  Diaphragm  in  Rabbits,  which  are  observed  to  occur  afler  section 
of  the  phrenic  nerves,  and  even  after  destruction  of  the  entire  Spinal  Cord. 
He  attributes  them  to  the  minute  ganglia,  described  by  Rouget,  which  are 
found  on  the  filaments  of  the  Phrenic  nerve.  It  is  very  remarkable  that 
after  such  serious  injury  to  the  nervous  system,  the  two  sides  of  the 
Diaphragm,  which  are  chiefly  connected  by  tendon,  should  act  synchro- 
noualy ;  and  also  that  the  inspiratory  movements  of  the  Diaphragm  should 
r^ularly  alternate  with  those  of  the  expiratory  muscles,  which  in  Rabbits 
are  chiefly  the  external  oblique  muscles  of  the  abdomen. — It  seems  not 
improbable  that  even  the  Sjrmpathetic  nerve,  which  derives  many  fila- 
ments from  the  Cerebro- Spinal  system,  and  which  especially  communi- 
cates with  the  Pneimiogastric  nerves,  may  be  one  of  die  exciters  to  this 
function;  and  this,  perhaps,  not  only  through  its  ramifications  in  the 
lungs,  which  are  considerable,  but  also  by  its  distribution  on  the  systemic 
vessels ;  so  that  it  may  convey  to  the  Spinal  Cord  the  impression  of 
imperfectly-arterialized  blood  circulating  through  these,  such  as  the. 
Pneiunogastric  is  believed  to  transmit  from  the  lungs. 

275.  The  motor  or  *  efferent'  nerves  concerned  in  the  function  of 
Respiration,  are  those  which  Sir  C.  Bell  has  grouped-together  in  his 
'  respiratory  system.'  The  most  important  of  these,  the  Phrenic,  arises 
fit)m  the  upper  part  of  the  Spinal  Cord ;  the  Intercostals  much  lower 
down ;  whilst  the  Facial  nerve  and  the  Spinal  Accessory,  to  the  latter  of 
which,  as  will  be  shown  hereafter  (chap.  xi.  Sect.  2),  the  motor  powers 
of  the  Pneumogastric  are  chiefly  due,  take  their  origin  in  the  Medulla 
Oblongata  itself. 

276.  That  the  respiratory  movements,  as  ordinarily  performed,  are 
essentially  independent  of  the  Will,  appears  not  only  from  our  own  con- 
sciousness, but  also  from  cases  of  paralysis ;  in  some  of  which  the  power 
of  the  will  over  the  muscles  has  been  lost,  whilst  the  movements  have 
been  kept-up  by  the  reflex  action  of  the  Medulla  Oblongata  or  respiratory 
ganglion ;  whilst  in  others,  some  of  the  respiratory  muscles  have  been 

•  "  Joum.  de  k  PhyrioL,"  t.  ii.  p.  115. 
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motionlees  during  ordinary  breathiiig,  and  yet  Lave  remained  nnder  the 
power  of  tlie  will*  That  coMciousiieffi  k  not  a  neceaaiiry  link  in  the 
oliain  of  causes  wliich  produce  the  respiratory  moTOments,  we  sire  enabled 
to  judge  &om  the  phenomena  presented  by  the  human  being  in  sleep  and 
coma,  by  anencephaJous  fcetnaeSj  and  by  decapitated  animals,  Thifl  con- 
elusion  is  confirmed  by  a  caee  recorded  by  Dr*  H*  Ley,t  who  had  under 
hh  care  a  patient  in  whom  the  pneumogastric^  appeared  to  be  diBeaaed  j 
the  longs  nuSered  in  the  uaual  way  in  consequence,  and  the  patient  had 
evidently  laborious  br^thing;  but  he  distinctly  said  that  he  felt  no 
uneasiness  in  his  chests—The  experience  of  every  one  informs  hira,  how- 
ever, that  the  KeapiratoTy  movemeata  are  partly  under  the  control  of  the 
will,  though  frequently  unreatrainable  by  it.  In  ordinary  circumstancea, 
when  the  blood  is  being  perfectly  aerated,  and  there  is  a  sufficient  amount 
of  arterial  blood  in  the  system  to  carry  *on  the  functions  of  life  for  a  short 
time,  we  can  suspend  the  respiratory  actions  during  a  few  seconds  without 
any  inconvenience.  Bj  however,  we  endeavour  to  prolong  tlie  suspension,  i' 
the  stimulus  conveyed  by  the  exciter  nerves  to  the  Medulla  Oblongata  j 
becomes  too  strong,  and  we  cannot  avoid  malting  inspiratory  efforta;  audi 
if  the  suspension  be  etlll  lurther  prolonged,  the  whole  body  becomes 
agitated  by  movements  ivhich  are  almost  of  a  convulsive  nature^  and  no 
effort  of  the  will  can  then  prevent  the  ingress  of  air,f  It  is  easy  to 
understand  why,  in  the  higher  animals  at  least,  and  nioro  especialiy  in 
Man,  the  respiratory  actions  sliould  be  thiia  placed  imder  the  dlreotioii  i 
of  the  Will :  since  they  are  subservient  to  the  production  of  those  tkrandaip 
by  which  individuals  communicate  their  feelings  and  desires  to  each 
other;  and  whichj  when  articulate,  are  capable  of  so  completely  ex- 
pressing what  is  passing  in  the  mind  of  the  speaker. 

277,  The  motor  power  of  the  Respiratory  nerves  is  exercised,  however, 
not  only  on  the  muscles  which  perform  the  inspiratory  and  expiratory 
movements,  but  on  those  which  guard  the  entrance  to  the  windpipe,  and 
also  on  some  other  parts.  Between  the  superior  and  inferior  Laryngeal 
nerves  there  is  an  imijortant  difference,  which  anatomical  and  ex]jerimental 
research  has  now  very  clearly  demonslarated.  It  appears  from  the  very 
airefiil  and  satisfactory  observations  and  experiments  of  Dr.  J,  Reid,§ 
that,  whilst  the  inf trior  laryngeal  is  the  motor  nerve  of  nearly  all  tJie 
laryugeal  muscles,  the  mptrior  laryngeal  is  an  afferent  nerve  of  extreme 
aensibUity,  conveying  to  the  Medulla  Oblongata  tlie  impressions  made  on 
its  peripheral  extremities.  The  motor  endowments  of  the  latter  are 
limited  to  the  crico-thyroid  muscle,  to  which  alone  of  all  the  muscles 
its  filaments  can  be  traced,  the  remainder  being  distributed  beneath  the 

**  Sach  ciifleB  are  mentioDed  b j  Bir  d  Bdl,  in  the  Appendix  to  hh  work  wi  tlio 
"  NervotiB  Sjatem  of  the  Ham&ti  Body.** 

f  **0b  Lifjiigln3QU9  Stridulus,"  p.  41 7> 

^  It  ia  UHTted  b;  M.  BoDrdoa  (^^  Eechorelies  aur  te  M^caaisiae  de  la  Bcsptr&tioii/* 
p.  21),  thut  no  p^'aoii  ever  oommitteKt  siticidef  thoogk  maoy  ha^e  &t tempted  ia  do  ia,  bj 
UMply  holdiiig  the  breatli ;  ther  coDirol  of  the  will  oTertho  reapimtory  mQAcks  not  being 
■nfiicieiitly  great  to  aatagonixa  the'  stimuliifi  of  tbo  '^  b^^Lhin  de  r^apirer,'^  wbea  Ihia  ha 
become  aggr&Tialed  by  the  temporary  cessation  of  tbe  action.  Bat  such  peraoaa  hard 
Bocoeeded  hotter  by  holding  tb«  face  beneath  the  surface  of  rater;  because  here  anutber 
m%  of  mwKlem  i»  called  into  aetion*  wfaidi  are  maeh  more  under  thii  control  of  the  will 
tbaa  are  those  of  ivtspiiation  i  and  a  strong  volilioa  applied  to  these  i^n  prevent  ail  aet?oaa 
of  air  to  the  lungn,  hou'i^Ter  rioleat  mitj  be  the  inspitatcry  cffurtfl. 

{  "EdinK  M«d.  nnd  Surg,  Journ,,"  Jm,  ISSS  ;  and  "AnaL,  FhyaJoL,  and  PatboL 
Ee»»/*  chap.  It. 
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muoous  sur&ce  of  the  larynx ;  and  its  eencdbility  is  verj  evident,  when 
it  is  pinched  or  irritated  during  experiments  upon  it.  On  the  other  hand, 
the  motor  character  of  the  inferior  laryngeal  branch  is  shown  by  its  very 
slight  sensibility  to  injury,  by  its  nearly  exclusive  distribution  to  muscles, 
and  by  its  influence  in  exciting  contraction  of  these  when  its  separated 
trunk  is  stimulated. 

278.  It  was  also  ascertained  by  Dr.  J.  Reid,*  that,  if  the  inferior 
laryngeal  branches  be  divided,  or  the  trunk  of  the  pneimiogastric  be  cut 
above  their  origin  from  it,  no  constriction  of  the  glottis  follows,  but  a 
paralysed  state  of  its  muscles.  Afler  the  first  paroxysm  occasioned  by 
the  operation,  a  period  of  quiescence  and  freedom  from  dyspnoea  often 
supervenes,  the  respirations  being  performed  with  ease  so  long  as  the 
ammal  remains  at  rest ;  but  an  unusual  respiratory  movement,  such  as 
takes  place  at  the  commencement  of  a  struggle,  induces  immediate  symp- 
toms of  sufEocation, — ^the  current  of  air  carrying  inwards  the  arytenoid 
cartilages,  which  are  rendered  passive  by  the  paralysed  state  of  their 
muscles ;  and  these,  Mling  upon  the  opening  of  the  glottis,  like  valves, 
obstruct  the  entrance  of  air  into  the  lungs.  The  more  effort  is  made, 
the  greater  will  be  the  obstruction:  and  accordingly,  it  is  generally 
necessary  to  counteract  the  tendency  to  suffocation,  when  it  is  desired 
to  prolong  the  life  of  the  animal  after  this  operation,  by  making  an 
opening  into  the  trachea.  Dr.  Reid  further  ascertained,  that  the  appli- 
cation of  a  stimulus  to  the  inferior  laryngeal  nerves,  when  separated 
horn  the  trunk,  would  occasion  distinct  muscular  contractions  in  the 
laiynx ;  whilst  a  corresponding  stimulus  applied  to  the  superior  laryn- 
geal occasioned  no  muscular  movement,  except  in  the  crico-thyroid 
muscle.  But  when  the  superior  laryngeals  were  entire,  irritation  of  the 
mucous  surface  of  the  laiynx,  or  of  the  trunks  themselves,  produced 
contraction  of  the  glottis  and  efforts  to  cough ;  effects  which  were  at 
once  prevented  by  dividing  those  nerves,  and  thereby  cutting-off  their 
communication  with  the  Medulla  Oblongata.  The  observations  of  Dr. 
Reid  have  been  fully  corroborated  by  those  of  Rosenthal,!  who  foimd  in 
addition,  that,  if  the  superior  lar3mgeal  nerves  were  carefrdly  isolated  and 
stimulated  with  weak  induction  currents,  the  respirations  fell  in  frequency, 
chiefly  in  consequence  of  the  prolongation  of  the  pause;  and  if  the  strength 
of  the  current  were  somewhat  increased,  complete  relaxation  of  the  dia- 
phragm occurred.  The  strength  of  the  current  to  produce  these  effects 
must,  however,  be  much  less  considerable  than  is  required  to  produce 
increase  of  respiratory  activity  and  tetanus  of  the  diaphragm,  when 
applied  to  the  trunk  of  the  Pneumogastric,  on  account  of  the  extreme 
sensibility  of  the  superior  laryngeal  nerve.  The  inhibitory  influence 
upon  the  respiratory  function,  and  especially  upon  the  movements  of  the 
diaphragm,  thus  attributed  by  Rosenthal  to  the  superior  laryngeal 
branches  of  the  Pneumogastric  nerve,  is  so  far  different  from  that  of  the 
Cardiac  and  Splanchnic  branches  of  the  same  nerve — ^whose  controlling 
power  over  muscular  movements  has  been  already  alluded  to— that  it 
acts  centripetally  on  the  Medulla  Oblongata,  and  not,  like  them,  centri- 
fugally.  There  can  be  no  doubt,  then,  that  the  superior  and  inferior 
laryngeal  branches  constitute  the  circle  of  incident  and  motor  nerves,  by 

•Op.  dt 

t  BMenthal,  **  Die  Athembewegungen  and  ibren  Beziehaiigen  sum  Nenr.  Vagus,** 
Berlin,  1862  ;  and  "  Archiv  f.  Anat.  and  Tbysiol./*  1862,  p.  226. 
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which  the  aperture  of  the  glottis  is  governed^  and  by  which  any  irrita- 
tioa  of  ihe  larynx  is  made  to  close  the  passage,  so  as  to  prevent  the 
fimtratice  of  improper  siibstaJices ;  whilst  the  sxiperior  laryi^gBal  nerve 
alao  excites  the  miiscles  of  expijatbn,  so  as  to  cause  the  violeot  ejection 
of  a  blast  of  air,  by  which  the  ofEending  gaa,  fluid,  or  solid,  may  be 
carried- off.  The  effect  of  carbonic  acid  in  causing  spasmodic  closure  of 
the  glottis  is  well  known ;  and  afiBords  a  beautiful  example  of  the  protec- 
tive office  of  this  system  of  nerves. — The  mucous  surface  of  the  trachea  and 
bronchi  appears^  from  the  experiments  of  Yaleatin,  to  be  endowed  with 
excitabihty,  so  that  stimuli  applied  to  it  produce  expiratory  movements ; 
and  this  evidently  operates  tlirough  the  branches  of  the  paeumogastric 
distributed  upon  the  membrane.  Here,  as  elsewliere,  we  find  that  a 
fitimuJua  applied  to  tbe  surface  has  a  much  more  decided  influence^  tlian 
irritation  of  the  trunk  of  the  nerve  supplying  it. 

279.  The  actions  of  mghing^  yawning^  robbing y  laughing ^  cmighinffj  2Sid 
meexiiigf  are  nothing  else  than  simple  modifications  of  the  ordinary 
movements  of  respinitiony  excited  eitlier  by  mental  emotions^  or  by  some 
stimulus  originating  in  the  respiratory  organs  tlaemselvea. — Sighing  is 
nothing  more  than  a  very  long-drawn  inspiration,  in  which  a  larger 
quantity  of  air  than  usual  is  mxide  to  enter  the  lungs.  This  is  con- 
tinually taking  place  to  a  moderate  degree ;  and  we  notice  it  particuJarly 
when  tbe  attention  is  released,  after  having  been  fixed  upon  an  object 
which  has  excited  it  strongly,  and  which  has  prevented  our  feeling  the 
insufficiency  of  the  ordinary  movements  of  respiration ,  Hence  this  action 
IB  only  occasionally  connected  with  mental  emotion. —  Yawning  is  a  still 
deeper  inspiration^  which  ia  accompanied  by  a  kind  of  spasmodic  contrac- 
tion of  the  depressors  of  the  lower  jaw^  and  also  by  a  very  great  elevation  of 
the  ribs,  in  which  tlie  scapulae  partake.  The  purely  voluntary  character 
of  this  movement  is  sometimes  aeen,  in  a  remarkable  manner,  in  cases  of 
palsy ;  in  which  tlie  patient  cannot  raise  his  shoulder  by  an  effort  of  the 
wiU,  but  does  so  in  the  act  of  yawning.  Nevertlieless  this  act  may  be 
performed  by  the  will,  though  not  completely;  and  it  is  one  that  is 
particularly  excited  by  an  involuntary  tendency  to  imitation,  m  every 
one  must  Ijave  experienced  who  has  ever  been  in  company  with  a  set  of 
yawuers* — -Sobbing  is  the  consequence  of  a  series  of  short  convulsive  con- 
tractions of  the  diaphragm  \  and  it  is  usually  accompanied  by  a  closure 
of  the  glottis,  so  that  no  air  really  enters. — In  Hiccup,  the  same  convulsive 
respiratory  movement  occurs,  and  the  glottis  closer  gfuddenly  in  the 
midst  of  it ;  the  sound  is  occasioned  by  tJie  impulse  of  the  column  of  air 
in  motion  against  the  glottis.— In  Lattghing^  a  precisely  reverse  action 
takes  place ;  the  musclcB  of  expiration  are  in  convulsive  movement,  more 
or  less  violent,  and  send- out  the  breath  in  a  series  of  jerks,  the  glottis 
being  open.  This  sometimes  goes- on,  until  the  diaphragm  is  more 
arched,  and  the  chest  is  more  completely  emptied  of  air,  than  it  could  be 
by  an  ordinary  movement  of  expiration, — The  act  of  Orgingj  though 
occasioned  by  a  contrary  emotion^  is,  so  far  as  the  respiration  is  con- 
cerned, very  nearly  the  aame  as  the  last.  Every  one  knows  the  effect  of 
mixed  emotions,  in  producing  an  expi^esaion  of  them  which  is  **  between 
a  laugh  and  a  cry," — The  greater  part  of  the  preceding  movements 
seem  to  belong  as  much  to  the  consensual  or  to  the  einotionaf^  as  to  the 
cxcito^mator  group  of  actions  f  for  whilst  they  are  sometimea  the  result 
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of  peculiar  states  of  the  respiratory  organs,  or  of  the  bodily  system 
in  general,  they  may  also  be  called-forth  by  influences  which  operate 
directly  through  the  senses,  or  which  excite  (lie  emotions.  Thus,  whilst 
Sighing  and  Yawning  often  occur  as  simple  results  of  deficient  aeration, 
they  may  be  brought-on, — ^the  former  by  a  depressed  state  of  the  feel- 
ings,— the  latter  by  the  mere  sight  of  the  act  in  another  person.  The 
actions  of  Laughter  and  Crymg  seem  never  to  originate  in  the  respira- 
tory system ;  but  to  be  always  either  expressions  of  the  emotions,  or 
flimple  results  of  sensations, — as  when  crying  arises  from  the  sense  of 
pain, — and  laughter  from  that  of  tickling.  The  origin  of  the  act  of 
Biocup  does  not  seem  very  clear;  but  die  movement  is  probably  of  a 
purely-reflex  nature. 

280.  The  purposes  of  the  acts  of  Coughing  and  Sneezing  are,  in  both 
instances,  to  expel  substances  from  the  air-passages,  which  are  sources  of 
irritation  there ;  and  this  is  accomplished  in  both,  by  a  violent  expira- 
tory effort,  which  sends-forth  a  blast  of  air  from  the  limgs. — Coughing 
occurs  when  the  source  of  irritation  is  situated  at  the  back  of  the  mouth,  in 
the  glottis,  trachea,  or  bronchial  tubes.  The  irritation  may  be  produced 
by  acrid  vapours,  or  by  liquids  or  solids,  that  have  found  their  way  into 
these  passages ;  or  by  secretions  which  have  been  poured  into  them  in 
nnusual  quantity,  as  the  result  of  disease ;  or  by  the  simple  entrance  of 
air  (especially  if  cold),  when  the  membrane  is  in  a  peculiarly  irritable 
state.  Any  of  these  causes  may  produce  an  impression  upon  the  exciter 
fibres  of  die  Pneumogastrics,  which,  being  conveyed  to  the  Medulla 
Oblongata,  gives  rise  to  the  transmission  of  a  motor  impulse  to  the  several 
muscles,  that  combines  them  in  the  act  of  coughing.  This  act  consists, — 
1st,  in  a  long  inspiration,  which  fills  the  lungs ;  2nd,  in  the  closure  of 
the  glottis  and  of  the  larynx  at  its  upper  orifice  by  the  approximation 
of  the  epiglottis  to  the  walls  of  the  pharynx  (Ed.  Smith),  at  the  moment 
when  expiration  commences ;  and  3rd,  in  the  bursting  open  (as  it  were)  of 
the  glottis,  by  the  violence  of  the  expiratory  movement ;  so  that  a  sudden 
blast  of  air  is  forced  up  the  air-passages,  carrying  before  it  anything  that 
may  offer  an  obstruction. — The  difference  between  Coughing  and 
Sneezing  consists  in  this, — ^that  in  the  latter,  the  communication  between 
the  larynx  and  the  mouth  is  partly  or  entirely  closed  by  the  drawing 
together  of  the  sides  of  the  velum  palati  over  the  back  of  the  tongue ;  so 
that  the  blast  of  air  is  directed,  more  or  less  completely,  through  the 
noee,  in  such  a  way  as  to  carry-off  any  source  of  irritation  that  may  be 
present  there. — It  is  difficult  to  say  how  far  these  actions  are  independent 
of  consciousness,  or  how  &r  they  may  require  the  stimulus  of  sensation 
for  their  performance. 

281.  Various  alterations  are  produced  in  the  Lungs  by  section  of  the 
Pneumogastric  nerves;  the  inquiry  into  the  nature  and  succession  of 
which  has  been  most  carefiiUy  prosecuted  by  Dr.  J.  Reid;*  and  as  his 
results  have  a  very  important  bearing  on  several  physiological  and  patho- 
logical questions  of  great  interest,  a  summary  of  them  will  be  here  given. 
— In  the  first  place,  it  has  been  fully  established  by  Dr.  Reid,  that 
section  of  the  Vagus  on  one  side  only  does  not  necessarily,  or  even  gene- 
rally, induce  disease  of  that  lung ;  and  hence  the  important  inference 
may  be  drawn,  that  the  nerve  does  not  exercise  any  immediate  influence 

♦  Op.  cit. 
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OB  ita  functions.     When  hoik  Vagi  are  divided,  however,  the  animal 
rarely  survives  long ;  but  ita  deatli  irequentlj  results  from  the  diBorder 
of  the  digestive  functions.     Neverthcleas,  the  power  of  digestion  is  some- 
times restored  sufficiently  to  re-invigorate  the  animals ;  and  their  lives 
may  then  be  prolonged  for  a  considerable  time   (§72).     In  fifteen  out  ! 
of  seventeen  animals  experimented-oa  by  Dr*  Reid^  the  lungs  were  found  ; 
more  or  less  unlit  for  tlie  bealtliy  peribrmsjice  of  their  funetiona*     The  I 
moiit  common  morbid  clmnges  were  a  congested  state  of  the  blood- vessels, 
and  an  effusion  of  frothy  senim   into  the  air-cella  and  bronchial  tubes. 
In  eight  out  of  the  fifteen,  these  changes  were  strongly  marked*    In  some 
portions  of  the  lungs,  the  quantity  of  blood  was  00  great  as  to  render 
them  dense.     The  degree  of  congestion  varied  in  different  parts  of  the 
same  lung ;  but  it  was  genermlly  greatest  at  the  most  depending  portion s. 
The  condensation  was  generally  greater  than  could  be  accounted-for  by 
the  mere  congestion  of  blood  in  the  veasels,  and  probably  arose  from  the 
escape  of  the  solid  parts  of  the  blood  into  the  tissue  of  the  lung.     In 
Bome  instances  the  condensation  was  so  greats  that  conmderable  portions 
of  the  lung  sank  in  w^ater,  and  did  not  crepitate ;  but  they  did  not  present] 
the  granulated  appearance  of  the  second  stage  of  ordinary  pneumonia.] 
In  five  crises  in  which   tlie  onimaj  Lad  survived  a  a}iisiderable  tim%  j 
portions  of  the  lungs  exhibited  tbe  second,  and  even  the  third  stng^  of  I 
pnemnonia,  with  puriform  effusion  into  the  small  bronchial  tubes ;  and  i 
in  two,  gangrene  had  supervened. — One  of  the  most  important  points  to 
ascertain  in  an  investigation  of  this  kind,  is  th^Jtrst  departure  from  a 
healthy  state ;  to  decide  whether  the  effusion  of  frotby  reddish  serum,  by 
interfering  with  the  usual  change  in  £be  lungs,  causes  the  congested  state 
of  the  pulmonary   vessels   and  the   laboured  respiration  j    or  whether 
the  eifusion  is  the  effect  of  a  previously -congested  state  of  tbe  blood- 
Yessels*     The  former  is  the  opinion  of  many  physiologists,  who  have 
represented  the  effusion  of   serum  m  a  proeeaa  of  morbid   secretion, . 
directly  resulting  fit>m  the  disorder  of  tlmt  function  product  by  thej 
section  of  the  nerve  j  the  latter  appears  the  unavoidable  inferenee  from 
the  carefully -noted  results  of  Dr.  Eeid's  experiments.      In  several  of 
these,  only  a  very  small  quantity  of  frothy  serum  waa  found  in  the  air- 
tubes,  even  when  the  lungs  were  found  loaded  with  blood,  and  w^hen 
respiration  before  death  was  very  laboured »     This  naturally  leads  us  to 
doubt  whether  the  fixithy  serum  is  the  cause  of  the  laboured  respiration j 
and  of  tlie  congested  state  of  the  pulmonary  vessels^  in  tlioae  cases  wh^a 
it;  is  present ;  though  there  can  be  no  doubt  that,  when  once  it  is  effused, 
it  must  pow^erfhliy  tend  to  increase  the  difficulty  of  respiration,  and 
further  to  impede  the  circulation  through  the  lungs.    Dr.  E,  has  satisjiedl 
himself  of  an   important  point  which  has  been   overlooked  by  others;, 
uaraely,  that  this  frothy  fluid  is  not  mucus^  though  occasionally  mixed^ 
with  it,  but  that  it  b  tlie  frothy  serum  so  frequently  found  in  casegl 
where  the  circulation  through  the  lungs  has  been  impeded  before  death*  ^ 
From  this  and  other  fitcta,  Dr*  fi,  CDncludas  "  that  the  congestion  of  the 
blood-vessels  is  the  first  departure  from,  the  healthy  state  of  tlie  lung, 
and  that  the  effuBJon  of  frothy  serum  is  a  subsequent  effect**^* 

*  For  an  iutereating  paj>er  oa  this  Bubject,  the  coacl  odunti  la  whieb  appear  to  be 
«is«Qiitially  ouuiirnuklor/  of  tli<}  results  obtamed  by  Bn  Keid^  ate  v.  Boddakit,  **  Journal 
tte  laFhya,/'  vol,  f.  1862,  pp.  442  and  S2T«     TM«  e^p«maeater  AttriboteB  all  Uie 
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282.  The  next  point,  therefore,  to  be  inquired-into,  is  the  cause  of 
this  congestion ;  and  this  is  most  satis&ctorily  explained,  in.  accordance 
with  the  general  laws  of  the  Circulation  (§  248),  by  remembering  that 
section  of  the  Pneumogastrics  greatly  diininishes  iiie  frequency  of  the 
respiratory  movements,  and  that  the  quantity  of  air  introduced  into  the 
lungs  is,  therefore,  very  insufficient  for  the  due  aeration  of  the  blood. 
There  is  now  abimdant  evidence,  in  r^ard  to  the  Pulmonary  circulation 
in  particular,  that  to  prevent  the  admission  of  oxygen  in  the  lungs, 
either  by  causing  the  animal  to  breathe  pure  nitrogen  or  hydrogen,  or 
by  occlusion  of  the  air-passages,  is  to  bring  the  circulation  through 
their  capillaries  to  a  speedy  check.  Hence  we  should  at  once  be  led 
to  infer,  that  diminution  in  the  number  of  Respiratory  movements  would 
produce  the  same  effect ;  and  as  little  or  no  difEerence  in  their  frequency 
is  produced  by  section  of  one  Vagus  only,  the  usual  absence  of  morbid 
changes  in  the  lung  supplied  by  it  is  fully  explained.  The  congestion 
of  the  vessels  induced  by  insufficient  aeration,  satis&ctorily  accoimts  not 
only  for  the  effusion  of  serum,  but  also  for  the  tendency  to  pass  into  the 
inflammatory  condition,  sometimes  presented  by  the  lungs,  as  by  other 
organs  similarly  affected.  Dr.  Reid  confirms  this  view,  by  the  particulars 
of  cases  of  disease  in  the  human  subject,  in  which  ihe  limgs  presented 
after  death  a  condition  similar  to  that  observed  in  the  lower  animals 
after  section  of  the  Vagi ;  and  in  these  individuals,  the  respiratory  move- 
ments had  been  much  less  frequent  than  natural  during  the  latter  part  of 
life,  owing  to  a  torpid  condition  of  the  nervous  centres.  The  opinion 
(held  especiaUy  by  Dr.  Wilson  Philip)  that  section  of  the  Par  Vagiun 
produces  the  serous  effusion,  by  its  direct  influence  on  the  function  of 
Secretion,  is  ftirther  invalidated  by  the  fact  stated  by  Dr.  Reid,  that  he 
always  foimd  the  bronchial  membrane  covered  with  its  true  mucus, 
except  when  inflammation  was  present. — "  The  experimental  history  of 
the  Par  Vagum,"  it  is  justly  remarked  by  Dr.  Reid,  "  ftimishes  an  ex- 
cellent illustration  of  the  numerous  difficulties  with  which  the  physio- 
logist has  to  contend,  from  the  impossibility  of  insulating  any  individual 
organ  frt>m  its  mutual  actions  and  reactions,  when  he  wishes  to  examine 
the  order  and  dependence  of  its  phenomena."  In  such  investigations,  no 
useful  inference  can  be  drawn  from  one  or  two  experiments  only ;  in  order 
to  avoid  all  sources  of  fallacy,  a  large  number  must  be  made ;  the  points 
in  which  all  agree,  must  be  separated  from  others  in  which  there  is  a  varia- 
tion of  results ;  and  it  must  be  then  inquired,  to  what  the  latter  is  due.* 

effects  of  doable  section  of  the  Pneumogastrics  primarily  to  paralysis  of  the  inferior 
laryngeal  nerve  on  the  one  hand,  and  to  paralysis  of  the  pulmonary  branches  on  the 
other ;  the  former  lesion  permitting  the  entrance  of  foreign  bodies  into  the  bronchi,  &c., 
and  the  latter  lesion  inducing  Aypercpmta>  emphysema,  and  their  consequences :  vhilst  he 
considers  paralysis  of  the  oesophagus,  together  with  modifications  of  the  cardiac  activity, 
and  the  occurrence  of  embolia  in  the  divisions  of  the  pulmonary  artery,  as  secondary 
causes  of  the  effects  observed. 

*  On  the  important  subject  of  the  Mechanism  of  Bespiration,  the  following  Memoirs 
may  be  consulted  in  addition  to  those  already  referred-to : — Dr.  J.  Beid's  Art.  'Bespira- 
tion' in  "Cyclop,  of  Anat.  and  Physiol.,**  vol.  iv.;  Dr.  Hutchinson  in  "Med.-Chir. 
Trans.,**  vol.  xxix. ;  Dr.  Sibson  in  " PhU.  Trans.**  1846,  "  Med.  Gaz.,**  vol.  xli.,  "Med.- 
Chir.  Trans.,**  vol.  xxzi.,  and  "  Trans,  of  Prov.  Med.  Assoc.,**  1850 ;  Beau  and  Maissiat 
in  "Archiv.  G^n.,"  1842;  Mendelssohn,  ''Der  Mechanismus  der  Bespiration  und  Circu- 
lation,** Berliii,  1845  ;  and  Yierordt,  Art.  'Bespiration'  in  "Wagner's  Handworterbuch 
der  Physiologie,**  band  ii. 
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2.  Effects  o/Risptmthn  on  the  Air, 

28B.  The  total  amouiit  of  air  wBidi  can  be  drawn  into  tbe  Lungs  by 
tbe  deepest  possible  iasjjiratory  movement^  by  no  means  affordH  a  measure 
of  tbe  quantity  wliicb  they  ordinarily  contain.  It  is  in  Jjict  composed,  sm 
was  first  pointed-out  by  Mr,  Julius  Jeffreys^*  of  Beveral  different  quanti- 
tiea,  which  may  be  distinguished  as  follows : — 

1,  Mesidual  Air ;  timt  which  cannot  be  displaced  by  tihe  most  powerful 
expiration^  whicli  always  remaing  in  the  thorax  so  long  as  the  lungs 
xetEiiii  their  natural  structure,  and  over  which,  therefore,  we  have  no 
coDtroL 

2.  Supplemental  Air ;  that  portion  which  remains  in  the  chest  after 
the  ordinaiy  gentle  expiratioTi,  but  which  may  be  displaced  at  will* 

3.  Breathing  or  Tidal  Air ;  that  volume  which  is  displaced  by  tbe 
constant  gentle  inspiration  and  expiration. 

4,  C&mptanental  Air ;  the  quantity  which  can  be  inbaled  by  tlie 
deepest  possible  inspirationj  over  and  abore  that  which  is  introduced  in 
ordinary  breathing* 

— ^The  amount  wliich  can  be  expelled  by  the  most  forcible  e^qairation  after 
the  fullest  inspiration  J  and  wluch  is  consequently  the  sum  of  the  2nd, 
3rd,  and  4tli  of  these  quantiti^  is  designated  by  Dr,  Hutchinsonf  as 
the  Vital  Capacity,  being  that  volume  of  air  which  can  be  displaced  by 
living  movttmnt a.  This  *  vital  capacity*  is  less  dependent  tlian  might 
have  been  suppoaedj  upon  the  absolute  dimensions  of  the  thoracic  cavity, 
being  yet  more  influenced  by  its  mobilitf/.  Thus  of  two  seta  of  men  of  J 
the  same  height,  one  measuring  35  inches  rotmd  the  chesty  and  the  other 
38  inches,  the  average  vital  capacity  of  the  first  was  found  to  be  235 
inches,  and  that  of  tlie  second  only  226  inches ;  for  notwithstanding  the 
greater  absolute  capacity  indicated  by  the  larger  circumference  of  the 
latter,  the  inieTior  mobility  of  the  chest  caused  more  ' residual  air'  to 
remain  behind  after  the  deepest  expiration.  Ey  taking  the  average  of 
nearly  5000  observations,  Dr.  Hutchinson  has  arrived  at  the  very 
remarkable  conclusion,!  ^^^^  ^^  ^^^  ^^  elements  whose  variation  might 
be  supposed  to  affect  the  *  vital  capacity/  Heiffht  alone  seems  to  have  any 
ognstant  illation  to  it;  and  that  this  relation  is  capable  of  being  expressed 
in  a  mm  pie  numerical  form.  It  may  be  brietly  expressed  by  the  rule, 
that_/<>r  ever^  inch  of  stature^  from  Jim  to  six  feet j  eight  additional  cuhtc 
inches  of  air  (at  60^  Fahr.)  are  given-out  by  a  forced  expiration  after  a 
full  inspiration  :  the  vital  capacity  for  a  man  from  5  feet  to  5  feet  1 
inch,  being  174  cub,  in. ;  from  5  feet  1  inch  to  5  feet  2  inches,  182  cub. 
in.,  and  so  on.— ^There  is  also  a  relation  between  ^  vital  capacity'  and 
Weight ;  but  of  a  different  kind  from  that  which  might  have  been  anti- 
cipated. So  far  as  tho  increase  in  weight  is  simply  proportional  to  the 
increase  in  height,  the  relation  is  of  course  the  same  for  the  oi>e  as  for 
the  other.  But  if  tlie  excess  of  weight  should  depend  upon  corpulence, 
the  vital  capacity  decreases  in  a  very  marked  manner,  being  always  very  i 
low  in  corpulent  men*  The  general  result  of  Dr,  Hutchinson^s  observa- 
tions on  this  point,  is  expressed  by  him  as  follows :  When  the  man 


Thorai.' 


*  ''SUttcs  of  the  Hoaum  Chest,''  1843. 

f  "  Cyclop,  of  Auat.  aad  Physiol,/*  voL  iv..  Art. 

X  Op>  cit.i  p«  1072, 


EFFECTS  OF  RESPIRATION   ON  THE  AIR.  285 

exceeds  the  average  weight  (at  each  height)  by  7  per  cent,  the  vital 
capacity  decreases  1  cub.  in.  per  lb.  for  the  next  35  lbs.  above  this  weight. 
— The  influence  of  Age  npon  the  'vital  capacity*  is  less  marked  than 
might  have  been  anticipated.  The  general  &ct  seems  to  be,  that  the 
'  vital  capacity'  undergoes  a  slight  increase  between  15  and  85  years, 
and  then  gradually  decreases,  the  decline  being  more  rapid  than  the 
augmentation,  so  that  by  the  age  of  66  it  has  diminished  to  about  4-5ths 
of  the  maximum. — There  does  not  seem  to  be  as  close  a  relation  between 
the  *  vital  capacity'  and  Muscular  Vigour,  as  might  a  priori  have  been 
expected,  and  as  an  attempt  has  been  nfiade  to  establish.*  Gases  are  not 
imfrequent  in  which  men  of  athletic  constitution  have  an  absolute  defi- 
ciency, whilst  others  by  no  means  remarkable  for  physical  power  present 
a  lai^  excess.f  In  &ct,  as  Dr.  C.  R.  Hall  has  justly  remarked,  this 
measure  indicates,  not  what  a  person  does  breathe,  but  what  he  can 
breathe. — The  maximum  *  vital  capacity'  met- with  by  Dr.  Hutchinson 
in  his  entire  series  of  observations,  was  464  cub.  in. ;  this  was  in  a  man 
7  feet  high,  whose  weight  was  308  lbs.  The  minimum  was  no  more  than 
46  cub.  in. ;  this  was  in  a  dwarf  (Don  Francisco),  whose  height  was  only 
29  inches,  and  weight  40  lbs. 

284.  But  however  constant  the  above  averages  may  prove  to  be,  when 
tested  by  a  still  larger  number  of  observations,  it  yet  remains  to  be 
determined  within  what  limits  individual  variation  may  range,  without 
departure  from  the  standard  of  health.  It  is  considered  by  Dr.  Hutchinson} 
that  a  deficiency  of  16  per  cent  (unless  the  individual  should  be  very 
corpulent)  should  excite  suspicion  of  disease;  but  the  observations  of 
Dr.  C.  R.  Hall  (loc.  cit.)  seem  to  show  that  the  range  is  considerably 
wider,  especially  in  females.  They  also  indicate  that  even  a  marked 
deficiency  in  vital  capacity  must  not  be  regarded  as  indicative  of  pulmo- 
nary disease ;  for  it  may  be  dependent  upon  disorder  of  the  abdominal 
viscera,  especially  upon  congested  liver. 

285.  In  estimating,  however,  the  effects  of  the  Respiratory  function 
upon  the  Air  which  passes  through  the  lungs,  we  are  not  so  much  con- 
cerned with  the  quantity  which  may  be  drawn-in  and  forced-out,  as  with 
that  actually  exchanged  at  each  movement.  The  estimates  of  the  earlier 
observers,  Herbst,  Valentin,§  <fec.,  which  ranged  firom  10  to  92  cub.  in., 
are  in  general  imperfect,  having  been  based  upon  comparatively  few 
respirations,  and  without  taking  into  consideration  the  many  circum- 
stances we  now  know  to  exercise  an  influence  upon  the  depth  and  fre- 
quency of  the  respiratory  acts.  Dr.  Ed.  Smith||  has  arranged  a 
spirometer,  by  which  the  quantity  of  air  inspired  may  be  registered  from 

•    *  See  Dr.  Jackson  in  ''American  Medical  Examiner,*'  1851,  p.  51. 

t  See  Dr.  0.  Kadclyffe  Hall  in  "  Trans,  of  Prov.  Med.  and  Surg.  Assoc.,"  1851. 

X  Op.  cit.,  p.  1079. 

§  The  following  are  some  of  the  amonnts  assigned  by  different  observers : — 

Herbet 20—30  cabic  inches. 

Valentin 14—92 

Vierordt 10—42 

Coathupe 16 

H-tcwn  j  -3  :  :  :  \«z?o 

11  Many  of  the  following  statements  respecting  Dr.  Edward  Smith's  experiments  hare 
been  kindly  communicated  by  himself. 
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1  to  100,000  cub,  in.,  and  therefore  for  any  period-  He  hiw  used  it  for 
24  hours  without  intemiisaiouy  except  for  meals,  and  ascertained  tlie 
quantity  of  air  inapired  during  sleep,  and  in  alraost  every  condition  met 
with  during  the  day*  From  numerous  experiments  upon  several  pereona, 
eaidi  extending  over  a  whole  day,  he  found  that  the  average  deptii  of 
Inspiration  was  33*6  cub.  in.  when  at  rest,  and  when  walking  at  1,  2t  B, 
and  4  miles  per  hour,  52,  60,  75,  and  91  cub.  in*,  and  even  107  cub,  in. 
when  working  the  treadmill.  If  we  take  30  or  40  cubic  inches  as  Uie 
avcnige  qtiantity  exchanged  at  each  respiration,  we  cannot  but  observe 
how  small  a  proportion  it  bears  to  the  entire  amount  which  the  lungs 
Tisually  contain  ;  for  the  *  reaidual  air,'  which  cannot  be  expdled,  is  esti- 
mated by  Dr,  Hutchinaon  at  from  75  to  100  cubic  inches,  and  the  *  sup- 
plemental air,*  which  can  only  be  expelled  by  a  forced  expiration,  ia 
about  as  much  more;  the  sum  of  the  two  being  from  150  to  200  cub, 
in.,  or  from  5  to  7  times  the  *  breathing  volmne/  Now  it  m  obvious 
that  if  no  provi^on  existed  for  mingling  t!ie  air  inspired  with  the  air 
already  occiijjying  the  lungs,  the  former  would  penetrate  no  ftirther  than 
the  larger  air- passages ;  and  as  this  would  be  again  thrown -out  at  the 
next  e3q)iration,  the  bulk  of  the  air  contained  in  tlie  lungs  would  Femam 
alt<^ether  without  renewal,  and  the  expired  air  would  not  be  found  to 
have  imdergone  any  change.*  That  a  change  t*  effected,  however,  in 
the  whole  volume  of  the  air  contained  in  the  lungs,  with  every  inapira* 
tion,  ia  indicated  by  the  difference  between  the  inspired  and  expired  air ; 
and  this  change  must  be  attributod  to  the  *  mutual  diffusion'  of  gases, 
these  tending  to  interpenetrate  one  another,  when  eitlier  of  different 
densities  or  of  different  temperatures,  according  to  the  law  discovered  by 
Prof,  Graliam, 

286,  The  total  amount  of  Air  which  passes  tlirough  the  Lunga  in 
twenty-four  hours,  will  of  course  vary  with  the  extent  wad  frequency  of 
the  respiratory  movements ;  and  these  are  liable  to  be  affected  by  many 
circumstances,  but  particularly  by  the  relative  degree  of  repose  and  of 
exertion,  Moreover,  as  any  such  computation  must  be  based  upon  tJie 
datum  of  the  ordinary  volume  of  breathing  or  *  tidal*  air,  it  is  obvious 
tliat  the  estimates  of  different  observers  must  vary  with  the  amount  they 
adopt.  Dr.  Ed.  Smith  found  that  during  the  day  (6  am.  to  12  night) 
the  average  quantity  of  air  inspired  by  several  persons  at  rest  was  502 
cub-  in.  per  minute,  or  a  total  of  542,160  cub.  in, ;  and  as  the  average 
quantity  during  the  night  w^  about  400  cub  Jn.  per  minute,  the  total  daily 
amount  was  G86,000  cub,  in,,  which  is  in  close  approxinaation  to  the 
results  of  Valentin,  who  estimated  the  total  daily  amount  at  688,348 
cub.  in,  T}ie  quantity  is  largely  increased  by  exertion,  and  Dt,  Smith 
computes  tlmt  the  total  amount  actually  respired  by  the  unoccupied  gen- 
tleman, the  ordinary  tradesman,  and  the  hard  working  labourer^  would 
be  804,780  cub.  in.,  1,0G5,840  cub- in.,  and  1,568,390  cub.  in.;  imd 
with  12  hours  of  Alpine  walking,  as  over  the  Wengeni  Alp,  1,764,000 
cub*  in.  Wiien  carrying  weights,  as  by  the  eoldier  in  his  heavy  march- 
ing order,  Dr.  Smith  found  an  increase  of  7  cub.  in.  per  minute  for  every 
1  lb,  weight  carried,^ — It  is  of  great  practical  importance  to  determine  the 


*  8e«  Mr.  Jeffroja*  **  Statics  of  the  HunLKa  Ckuit^*  ia  wbloh  tlilfi  importaat  poiat  tol 
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quantity  of  air  which  ought  to  be  allowed  for  consumption  by  indivi- 
duals confined  in  prisons,  workhouses,  schools,  <&c. ;  and  for  this,  expe- 
rience seems  to  have  fixed  800  cubic  feet  as  the  minimum  that  can  be 
safely  assigned,  except  where  extraordinary  provisions  are  in  operation 
for  its  constant  renewal  by  ventilation.  The  evil  consequences  of  an 
insufiicient  supply  of  air  will  be  noticed  hereafter  (Sect.  3). 

287.  The  alterations  in  the  Air*  which  are  effected  by  Respiration, 
mainly  consist  in  the  removal  of  a  portion  of  its  oxygen^  and  the  substi- 
tution of  a  quantity  of  carbonic  acid,  usually  rather  less  in  bulk  than  the 
oxygen  which  has  disappeared.  The  proportion  of  the  air  thus  changed, 
appears  to  vary  according  to  the  frequency  of  the  respirations.  Thus 
Vierordtf  found  that,  if  he  only  respired  six  times  in  a  minute,  the 
quantity  of  Carbonic  acid  was  5*5  per  cent  of  the  whole  air  exhaled ; 
with  twelve  respirations,  it  was  4*2 ;  with  twenty-four,  it  was  3*3  ;  with 
forty-eight,  it  was  3-0 ;  and  with  ninety-six,  it  was  2*6  per  cent.  In  some 
of  the  experiments  of  Messrs.  Allen  and  Pepys,  it  was  as  much  as  8  per 
cent  Probably  about  4*35  per  cent  may  be  taken  as  the  average 
amount  of  Carbonic  acid  added  to  the  air,  at  the  ordinary  rate  of  respi- 
ration; whilst  according  to  Vierordt,  the  amount  of  oxygen  removed  is 
4*782  per  cent ;  the  absolute  diminution  in  bulk  of  the  expired  air, 
when  deprived  of  the  moisture  which  it  has  acquired  in  passing  through 
the  lungs,  being  from  l-40th  to  l-50th  of  its  volume.  It  appears,  how- 
ever, that,  if  the  air  be  already  charged  in  some  degree  witi  Carbonic 
acid,  the  quantity  exhaled  is  much  less ;  for,  when  300  cubic  inches  of 
air  were  respired  for  three  minutes,  only  28^  cubic  inches  (9J  per  cent) 
of  Carbonic  acid  were  found  in  it ;  although  the  previous  rate  of  its 
production,  when  fresh  air  was  taken-in  at  every  respiration,  was  32 
cubic  inches  in  a  minute  (Allen  and  Pep3rs).  Ejiowing,  then,  the  neces- 
sity of  a  free  excretion  of  Carbonic  acid,  we  are  led  by  this  fiwt  to  perceive 
the  high  importance  of  ventilation;  for  it  is  not  sufiicient  for  health  that 
a  room  should  contain  the  quantity  of  air  requisite  for  the  support  of  its 
inhabitants  during  a  given  time;  since  after  they  have  remained  in  it  but 
a  part  of  that  time,  t£e  quantity  of  Carbonic  acid  which  its  atmosphere 
will  contain,  will  be  large  enough  to  interfere  greatly  with  the  due 
aeration  of  their  blood,  and  will  thus  cause  oppression  of  the  brain,  and 
the  other  morbid  affections  that  result  from  the  accumulation  of  Carbonic 
acid  in  the  circulating  fluid. — It  appears  from  the  experiments  of  Dr. 
Snow,  that  tHe  presence  of  Carbonic  acid  in  the  atmosphere  acts  more 
deleteriously  upon  the  system,  in  proportion  as  the  normal  quantity  of 
Oxygen  has  been  reduced.  He  found  that  birds  and  mammalia,  intro- 
duced into  an  atmosphere  containing  only  from  10^  to  16  per  cent  of 

*  The  composition  of  ordinary  atmospheric  air  in  England  is  thus  given  by  Dr. 
Miller  (''Elements  of  Chemistry,"  toI.  ii.  p.  455):— 


Oxygen  ....  20*61 

Nitrogen      .    .     .  77*95 

Garbonic  Acid  .    .  *04 

Aqneons  vapour    .  1*40 


traces, 
traces. 


Nitric  Add,  Ammonia,  and  Car- )  ^ 

bnretted  Hydrogen    .    .    .     ' 
And    in    towns  —  Solphnretted 
Hydrogen  and  Sulphnrons  Acid  ' 
The  quantity  of  Aqaeons  Vapour  is,  however,  liable  to  great  variation ;  at  the  ordinaiy 
temperature  of  the  month  of  July,  the  atmosphere  is  capable  of  containing  nearly  three 
times  as  much  aqueous  vapour  as  in  December ;  nevertheless,  the  quantity  of  moisture 
aetually  present  is  generally  greater  in  winter,  owing  to  the  greater  rainfall, 
t  "Physiologie  des  Athmene,'*  pp.  102-149. 
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oxjgen,  BOCfn.  died,  although  means  were  taken  to  remove  the  cfurbonic 
add  iet-free  by  their  respiration,  m  fct  as  it  was  formed  ;  whilst^  on  tlie 
other  hand,  an  increase  in  the  proportion  of  carhoaic  acid  to  12  or  even 
20  per  cent — the  percentage  of  oxygen  being  kept  to  its  regukr 
Btandard  of  21  per  cent-^d  not  appear  to  enfeeble  the  vital  actiom 
more  rapidly,  than  did  the  reduction  of  tJie  oxygen  in  the  experimente 
juit  referred-to**  Hoppef  has  observed  that  when  rata  were  pbiced  under 
the  receiver  of  an  air-pump,  and  exlmustion  made  rill  the  pressure  was 
reduced  to  50  uxm*  (2  inchea),  feinting  and  convulsion  wereindnced;  and 
when  It  was  reduced  to  40  ram.,  death  occurred  apparently  from  the 
evolution  of  gas  in  the  capillaries  of  the  lungs,  which  impeded  the  paasags 
of  the  blood*  We  may  conjecture  that  the  singular  effects  observed  by 
Glaiahen J  In  his  lofty  balloon  ascents,  were  due  to  the  sudden  and  com* 
blned  influence  of  cold  and  an  insufficient  supply  of  oxygen*  The  effecta 
of  increased  atmospheric  pressure  on  the  respiration  in  Man  have  been 
observed  by  Vivenot  ;§  and  an  increase  of  one-fifth  of  the  usual  pressure 
IB  stated  by  him  to  decrease  the  respirations  2  per  minutejand  the  number 
of  pulsatLons  on  the  average  10  per  minute. 

288.  The  absolute  quantity  of  Carbonic  acid  exhaled  from  the  Lungs 
is  liable  to  variation  fi-om  bo  many  sources,  that  no  fixed  standard  can  be 
assigned  for  it.  The  mean  of  a  great  number  of  observations,  however, 
made  in  different  modes,  and  imder  different  circumstances,  would  give 
about  160  grains  of  Carbon  per  hour  as  tlie  amount  set-free  by  a  well- 
grown  adult  man^  under  ordinary  circumstances.  Taking  this  as  the 
average  of  the  twenty-four  hours,  the  total  quantity  of  C&rbon  thus  daily 
expired  from  the  Lungs  would  be  3840  grains,  or  8  oz.  Troy.  According 
to  Br.  Edward  Smith,  who  has  devised  an  apparatus  by  which  the  whole 
of  the  Carbonic  acid  exhaled  may  be  coEected  for  a  whole  day  without 
intenniisioii  ercept  for  food,  the  total  amount  evolved  in  24  hom^s  at 
rest  (deduced  from  experiments  on  different  persons)  was  7' 144  oz,  of 
Carbon ;  and  he  estimates  lihat  it  should  be  increased  to  8  68  oz.  and 
11  "7  oz,  for  the  non-labouring  and  laborious  classes  respectively,  at  their 
ordinary  rate  of  exertion.  The  chief  causes  of  variation  are,— die  Tem- 
perature and  Hygrometric  state  of  the  surrounding  Medium,  Age,  Sex, 
Development  of  the  body,  Nature  and  Quantity  of  Food  and  state  of  the 
Digestive  Process,  Muscular  Exertion  or  Repose^  Sleep  or  Watchfulness^ 
Period  of  the  Day,  Season,  and  state  of  H^th  or  Disease,  These  will 
now  be  considered  in  detail : — 

L  Temperature  of  mirronndin^  Medium. — The  amount  of  Carbonic 
acid  exhaled  by  warm-blooded  animals,  is  greatly  tncreaMd  by  external 
Voidf  and  dimim&hcd  by  Heat.     From  LetelUer^sj]  experiments  it  appear*  j 
that  the  quantity  of  Carbonic  acid  exhaled  by  Mammals  between  86**  and.  J 

*  BfiiDArdf  however,  foiind  tli&t  a  bird  whicli  l&f  exhAiuted  from  br«ftthmg  in  % 
limited  qa&btity  of  nir,  recovered  itsi&ir  wiien  the  Carbouif]  add  wu  porfct^Ij  absorbed 
bj  cauBitc  poio&fa.  He  obaer^ed  aim  that  the  clrculatJon  of  blood  charged  vith  Cmt- 
boak  acid  rapi<Uy  atappcd  the  activity  of  the  isecretorj  gkod^  aa  of  the  ktdaejfi,  vbicli  | 
again  recomnjenoed  &»  soon  as  oxygenated  blood  w&s  allowed  to  post  through  ihem* 
(Bsniard,  **liq.  de  PDi^^uilsme^  ^^  IS 59^  voL  L  p.  505^ 

+  **MtilWa  Archiv/*  1857,  p.  63.  +  ♦*  Timea,**  Sept,  1862, 

%  Healc  and  Meiasot^r,  ^^Beripbt,*'  i860,  p.  32?. 

II  *^  Aiinalea  do  Chimie  et  de  Fhysiqiie/^  1345  ;  ODd  M.  Boiu&mgaiLlt*a  ^^M£molrea  dd 
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106^,  is  less  than  half  that  set-free  near  the  freezing-point;  whilst  that 
which  is  exhaled  between  59°  and  68°  is  but  little  more  than  tivo-thirds 
of  the  same  amount.  The  diminution  occasioned  by  heat  is  still  more 
remarkable  in  Birds ;  which  exhale  at  the  highest  temperature  scarcely 
more  than  one-third  of  that  set-free  at  the  lowest. — The  observations  of 
Vierordt*  upon  himself  show  that  the  same  is  true  of  the  Human  subject; 
a  difference  of  10°  Fahr.,  according  to  him,  producing  a  variation  of 
rather  more  than  two  cubic  inches  in  the  amount  of  Carbonic  acid  hourly 
expired.  Dr.  Ed.  Smith  found  that  sudden  increase  of  temperature 
occasioned  sudden  decrease,  in  an  increasing  ratio,  in  the  quantity  of 
Carbonic  acid  evolved,  amoimting  to  1*3  grain  per  minute  for  16°  Fahr. 
of  temperature ;  but  that  in  experiments  continued  over  long  periods, 
there  was  the  greatest  diversity  in  the  proportion  of  Carbonic  acid  evolved 
to  each  degree  of  temperature. 

II.  That  the  Hygronietric  state  of  the  Air  influences  the  rate  of  exha- 
lation of  Carbonic  acid,  appears  from  some  experiments  by  Lehmann 
made  with  this  express  view.  For  he  foimd  that  while  1000  granunes* 
weight  of  Pigeons  yielded,  in  dry  air,  6*055  grammes  of  Carbonic  acid 
per  hour,  at  the  temperature  of  75°,  and  4'69  grammes  at  the  tempe- 
rature of  100°,  the  same  animals,  in  moist  air,  yielded  6*769  grammes  at 
73%  and  7*76  grammes  at  100°.  And  while  1000  grammes^  weight  of 
Babbits  exhaled,  in  dry  air,  0*451  granmie  per  hour,  at  a  temperature 
of  100°,  they  exhaled  as  much  as  0*677  gramme  in  a  moist  atmosphere  at 
the  same  temperature.f 

III.  Age, — The  amoimt  of  Carbonic  acid  exhaled  increases  in  both 
sexes  up  to  about  the  thirtieth  year ;  it  rettiains  stationary  until  about 
the  forty-fiflh ;  and  it  then  diminishes.  Thus,  according  to  Andral  and 
Gavarret, J  at  8  years  of  age,  77  grains  of  carbon  are  excreted  per  hour ; 
at  14  years,  126  grains ;  at  20  years,  166  grains ;  at  48  yeai*s,  162  grains ; 
and  at  76  years,  92*4  grains. 

IV.  Sex, — At  all  ages  beyond  eight  years,  the  exhalation  is  greater  in 
Males  than  in  Females.  Nearly  the  same  proportionate  increase  takes 
place,  however,  in  Females,  up  to  the  time  of  puberty ;  when  the  quantity 
abruptly  ceases  to  increase,  and  remains  stationary  so  long  lis  they  con- 
tinue to  menstruate.  When,  however,  menstruation  has  ceased,  the 
exhalation  of  Carbonic  acid  begins  again  to  augment ;  and  then  again 
diminishes,  with  the  advance  of  years,  as  in  men.  Should  menstruation 
temporarily  cease  at  any  time,  the  exhalation  of  Carbonic  acid  imme- 
diately undergoes  an  increase,  precisely  as  at  the  final  cessation  of  the 
function.  And  during  pregnancy,  the  exhalation  increases  in  like 
manner. 

V.  Development  of  the  Body, — The  more  robust  the  individual,  cwteria 
paribus,  the  more  Carbonic  acid  is  exhaled ;  and  the  variation  is  much 
more  influenced  by  the  development  of  the  muscular  system,  than  by  the 
height  or  weight,  capacity  of  the  chest,  &c.  Thus,  a  very  strong  man  of 
twenty-six  years  of  age  exhaled  at  the  rate  of  217*1  grains  of  carbon  per 
hour;  while  a  man  of  moderate  muscular  power  set-free  but  169*4  grains  in 
the  same  time.     Another  robust  man  of  sixty  years  of  age  exhal^  at  the 

•  "Physiologie  des  Athmene,"  pp.  78-82. 

+  Lehmann,  Op.  cit.,  band  iii.  p.  304. 

X  **  Annalea  de  Chimie  et  de  Physique,"  1843. 
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rate  of  200*4  per  hour  \  and  an  old  man  of  ninety-two  years,  who 
preserved  an  an  common  degree  of  energy ,  and  who  in  liia  younger  dai? 
had  boaated  of  ostraordinary  muscular  powers,  exhaled  at  the  rate 
135'5  grains  per  hour*     So,  also,  a  remarkably  yigoroos  young  woman' 
of  nineteen  years  exhaled  at  the  rate  of  107 '8  grains  per  hour;  and  a 
strong  woman  of  foiiy*four  years  (who  had  ceaied  t^o  menHtruate),  152*4 
grains, — On  the  other  hand,  a  slender  man  of  forty* five  years,  in   the 
enjoyment  of  good  he*ilth,  only  exlialed  at  the  rate  of  132*4  grains  per  J 
hoiir  (Aiidral   and    Gavarret).     In    Dr*   Ed.    Smith's   experhnenta   the^ 
quantity  of  carbon  expired  per  diem  to  each  1  lb.  of  body- weight  waa 
17*07  grains,  17*5 1,  and  17*99,  at  48, 39,  and  33  years  of  age  respectively. 
VI.  Nature  mid  Quant  it  if  of  the  Food^  ami  State  of  the  iJitfeMim 
Process. — It  is  well  established,  that  the  exhalation  of  Carbonic  acid  is 
greatly  increased  by  eating,  and  tiiat  it  is  diminished  by  fasting,     Thiia 
Prof*  Schariing  Btates  the  hourly  exhalation  to   have  increased  in  one 
instance  from  145  to  190,  after  breakflist  and  a  walk;  in  another  from 
140  to  177,  after  breakfast  alone;  and  in  another  from  111*9  to  188*9, 
after  dinner.     Dr.  Ed,  Smith  on  several  occasions  ^ted  for  more  than 
tweuty-fotir  hours,  and  collected  all  the  Carbonic  acid  exhaled  during 
the  whole  period^  or  during  ten  minutes  at  each  hour  of  tJie  waking  day. 
He  ibund  the  total  daily  amount  of  carbon  exhaled  at  rest  and  whiiat 
feating  to  be  5 "923  oz.;  and  there  was  acarcely  any  variation  in  the  hourly 
quantity  during  the  hours  of  the  day.     He  noticed  that  there  was  a  11  n© 
below  which  the  quantity  of  Carbonic  acid  did  not  fall,  during  waking 
hours  in  health ;  this,  which  he  has  termed  the  basal  iine^  is  that  observed 
at  rest  and  in  the  absence  of  food.     The  increase  above  that  hue,  which 
is  caused  by  food,  seldom  exceeds  one-lxah'  of  the  basal  quantity,  ori 
about  3  grains  per  minute.     He  has  shown  tliat  the  increase  is  from  ^  J 
to  S  grains  per  minute  after  breakfast  and  tea,  and  from  1  to  2  grainl| 
per   minute  after   early  dinner,  whilst  he  acarcely  found   any  increase  1 
after  supper.     He  has  examined  the  influence  of  numerous  foods,  ssflesb,  ] 
fisli,  albumen,  gelatin,  breads  rice,  oatmeal,  cane,  gra^HS,  and  milk  sugar, 
milk,  tea,  coffee,  cocoa,  starch,  gluten,  butter,  oHve-oil,  alcohol,  rum, 
gin,  brandy,  sherry  and  port  wine,  beer  and  spirits.     All  nitrogenout 
foods — ghiten,  casein,  flesh,  fish,  albumen,  and  gelatin — increased  tJieJ 
evolution  of  Carbonic  acid  to  the  extent  of  |  to  1  grain  per  minute ;  but 
tea,  coffee,  bread,  rice,  oatmeal,  milk,  and  sugar  increased  it  from  1|^  to 
3  grains  per  nunute.     Fats  and  starch  did  not  increase  it;  aloohol,  rum, 
and  ales  increased  it  fr^m  J  a  grain  to  2  grains  per  minute,  whilst 
brandy  and  gin  decreased  it,  and  3  ounces  of  wine  exerted  but  littla 
influence.     The  inhalation  of  the  aroma  of  wines  decreased  it.     All  Dr. 
Smithes  experiments  were  matle  in  tlie  sitting  posture,  at  rest,  beibre  break- 
f^t,  and  upon  one  substance  alone  in  moilerate  quantity,  the  dose  of  which 
was  repeated  every  ten  or  fifteen  uii antes,  imtil  the  maximum  influence 
had  Iwwn  obtained.     With  su^ar,  alcoholic  licjiuds,  tea,  and  cofiee,  the 
maximum  influence  was  observed  in  from  twenty  to  thirty  minutes;   but 
with  bread,  oatmeal,  milk,  and  flesh,  it  was  commonly  later,  and  eon- 
tinuml  from  1 J  to  2 i  hours.     With  sugar  and  tea  tliere  was  frequently  an 
increaae  of  1  grain  per  miuiite  in  less  than  ten  minutes.     The  whole  of 
the  Carbonic  acid  exhaled  diu-ing  live  minutes  at  a  time  for  two  hours 
W^  collected  and  weighe<l:  the  percentage  Wiia  not  sough t-ibr*     Dr, 
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Smith  has  called'  attention  to  the  separate  action  of  the  alcohol,  aromas, 
sugars,  and  nitrogenous  matters  in  each  of  the  alcoholic  compounds. 
Similar  though  less  extended  and  perfect  observations  have  been  made  by 
Vierordt,  Bidder,  Schmidt,  and  others,  which  generally  corroborate  the 
conclusions  drawn  by  Dr.  Ed.  Smith. 

VII.  Muscular  Exertion  or  Repose, — The  effect  of  bodily  exercise,  in 
moderation,  is  to  produce  a  considerable  increase  in  the  amount  of  Car- 
bonic acid  exhaled,  both  during  its  continuance,  and  for  some  little  time 
subsequently  to  its  cessation.  According  to  the  observations  of  Vierordt, 
the  increase  amounts  to  one-third  of  the  quantity  exhaled  during  rest, 
and  it  lasts  for  more  than  an  hour  afterwards ;  being  manifested  in  the 
greater  quantity  of  air  respired,  and  in  the  larger  percentage  of  Carbonic 
acid  contained  in  it.  If  the  exercise  be  prolonged,  however,  so  as  to 
occasion  &tigue,  it  is  succeeded  by  a  diminished  exhalation. — Dr.  Ed.  Smith 
foxmd  that  whilst  walking  at  two  and  three  miles  per  hour,  the  quantity  of 
Carbonic  acid  evolved  was  18*1  grains  and  25*83  grains  per  minute,  which 
are  respectively  1*85  and  2 '64  times  more  than  that  eliminated  in  the 
quiet  sitting  posture.  With  treadwheel  labour  the  quantity  varied 
from  42*9  grains  to  48*66  grains.  Ailer  the  exertion  had  ceased, 
the  increase  continued  for  some  time ;  and  not  the  least  exertion  could  be 
made,  even  when  sitting,  without  disturbing  the  results. — The  connection 
between  muscular  exertion  and  the  exhalation  of  Carbonic  acid,  is  most 
remarkably  shown  in  Insects ;  in  which  animals  we  may  witness  the 
rapid  transition  between  the  opposite  conditions  of  extreme  muscular 
exertion,  and  tranquil  repose ;  and  in  which  the  effects  of  these  upon  the 
respiratory  process  are  not  masked  by  that  exhalation  of  Carbonic  acid, 
which  is  required  in  warm-blooded  animals  simply  for  the  maintenance  of 
a  fixed  temperature.  Thus  a  Humble- Bee  was  found  by  Mr.  Newport*  to 
produce  one-third  of  a  cubic  inch  of  Carbonic  acid  in  the  course  of  a  single 
hour,  during  which  its  whole  body  was  in  a  state  of  constant  movement, 
firom  the  excitement  resulting  from  its  capture ;  and  yet,  during  the  whole 
twenty-four  hours  of  the  succeeding  day,  which  it  passed  in  a  state  of 
comparative  rest,  the  quantity  of  carbonic  acid  generated  by  it  was  abso- 
lutely less. 

VIII.  Sleep  or  Watchfulness, — The  amount  of  Carbonic  acid  exhaled 
during  sleep  is  considerably  less  than  that  set-free  in  the  waking  state. 
This  is  particularly  shown  by  the  experiments  of  Scharling  ;f  who  con- 
fined the  subjects  of  them  in  an  air-tight  chamber,  within  which  they 
could  sleep,  take  their  meals,  &c.  Thus  in  one  case  the  hourly  exhala- 
tion sank  from  160  to  100,  in  another  from  194*7  to  122*3,  and  in  another 
from  99  to  75*1.  Dr.  Ed.  Smith  found  that  4*88  and  4*99  grs.  of 
Carbonic  acid  were  exhaled  per  minute  during  light  sleep  from  1  to  3  a.m., 
and  he  estimates  the  quantity  in  profound  sleep  at  4J  grs.  He  also 
observed  that  5*7  grs.,  5*94  grs.,  and  6*1  grs.  per  minute  were  evolved 
at  1.80,  2.30,  and  6.15  a.m.,  whilst  awake,  the  average  amount  during  the 
waking  day  being  9*77  grs.  per  minute  in  jhe  same  person.  The  cause 
of  this  result  is  partly  to  be  sought  in  the  cessation  of  all  muscular  exer- 
tion (save  that  concerned  in  the  maintenance  of  the  respiration);  and 

•  "PhiloB.  Transact.,"  1836. 
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partly  m  ^e  diminutioB  in  the  dissipation  of  the  heat  of  tiie  body 
itself. 

IX*  Perml  of  the  Datf. — Independently  of  these  variationSi  which  have 
their  source  in  the  condition  of  the  individual^  there  m  reason  to  believe 
that  there  h  a  diurnal  cycle  of  change  in  the  quantity  of  Carl>onic  acid 
exhaled ;  the  maj:imum  beiug  (caatcria  paribus)  before  and  after  noon,  and 
the  mtnimtmi  before  and  after  midnight.  From  the  experiments  of 
8<;harHr*g  upon  the  Human  euhject,  it  would  appear  that  the  average 
proportion  exiuded  by  day  to  that  exhaled  by  night  is  aa  1 1^  to  1 ;  and 
this  difference  does  not  seem  to  be  affected  by  sleep  or  wakefulness*  Dr. 
Ed.  Smith  found  that  the  qiuintity  of  Carbonic  acid  varied  at  every 
moment ;  and  that  there  were  mmiJar  hourly  variations  in  t!ie  quantity  of 
CarlKinic  acid  evolved,  aa  in  the  rate  of  pulsationi  to  whicli  wo  have 
already  referred*  Tliere  was  the  least  dnring  the  middle  hours  of  the 
night,  a  slight  increase  with  sunlight,  a  large  increase  JifW  the  meals,  and 
a  decrease  before  tliem,  and  a  prolonged  and  inevitable  iiill  afi;er  almut  9 
o'clock  P.M.  The  proportion  in  the  night  of  six  hours  to  the  day  of  18 
hours  was  in  himself  as  1 ;  1^8,  Most  peraoni  are  conscioua  of  a  greater 
difficulty  in  bearing  exposure  to  cold  between  midnight  and  early  moni- 
ing,  than  at  any  otlier  period  in  tJae  twenty-four  hours, 

X.  Season, — Dr*  Edward  Smith  has  investigated  the  influence  of  season 
by  determining  the  amount  evolved  at  rest,  in  the  sitting  posture,  and 
before  breakfast,  daily  throughout  the  year,  and  has  found  that  the 
greatest  amount  occurs  in  April  and  May ;  that  there  is  a  decrease  com* 
mencing  in  June,  and  continuing  progressively  throngh  June,  JiiJy  and 
August  to  September ;  and  t]jat  in  October,  November,  and  December 
there  is  an  increase.  He  considers  that  there  is  a  maximum  period  (end 
of  Winter  and  Spring),  a  minimum  period  (end  of  Summer  to  Autumn)^ 
an  increasing  period  (Winter),  and  a  decreasing  period  (early  Summer), 
The  extreme  loss  at  the  end  of  Summer  was  3  grains  of  Carbonic  acid 
per  minute,  or  33  per  cent,  and  on  the  monthly  average  the  loa^  was  17 
or  18  per  cent.  He  has  applied  this  to  the  cauBatiori  and  treatment  of 
disease^  and  has  sliown  that  tlie  influence  of  the  rotation  of  the  seasons  is 
a  prime  element  in  the  vis  medkatrix  natmw.  Temperature  a«d  Baro- 
metric pressure  to  some  extent,  bnt  very  imperfectly ,  explained  the 
reeolts.  A  raediom  temperature  was  accompanied  by  tlio  mo8t  diverse 
quantities  of  Carbonic  acid  at  the  different  soisons ;  but  extremes 
exhibited  marked  influence* 

XL  State  of  Ihalth  or  Diiea»e. — Upon  this  very  important  cans©  of 
variation,  few  accurate  researches  have  yet  been  made.  The  ptrcenta^e 
of  Carbonic  acid  in  the  expired  air  has  been  found  to  be  unusually  great  in 
the  Exanthemata,  and  in  chronic  Skin -diseases  (Macgregor);*  and  it  has 
been  stated  to  be  diminished  in  Typhus  (Malcolm). | — Thus,  the  averag© 
proportion  in  health  being  about  4^3  per  cent  (Vierordt),  it  has  boen 
seen  at  8  per  cent  in  confluent  Small -j>ox,  at  5  per  cent  in  Measles,  and 
at  7^2  per  cent  in  a  severe  case  of  Ichtliyosia  which  terminated  fatally ; 
whilst  in  Typhus  the  percentage  has  been  found  to  range  from  I'lS  to 
2*50,  But  tliese  Btiitementa  do  not  indicate  the  total  quantity  exhaled 
in  each  case. — The  remarkable  increase  of  the  exlmlation  in  cases  of 
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Chlorosis  has  been  ah'eady  noticed ;  in  four  cases  recorded  by  Hannover 
the  hourly  expiration  was  123-6,  118-6,  116-9,  and  106-8  grains;  the 
absolute  quantity  diminishing  as  die  respirations  increased  in  rapidity. — > 
In  chronic  diseases  of  the  respiratory  organs,  as  might  be  anticipated, 
the  amoimt  of  Carbonic  acid  exhaled  undergoes  a  sensible  diminution 
(Nysten*  and  Hannover).f— Further  researches  are  much  needed  on  this 
subject ;  but,  for  obvious  reasons,  they  cannot  be  readily  made  in  severe 
forms  of  disease. 

289.  The  aeration  of  the  blood  may  take  place,  not  only  by  means  of 
the  Lungs,  but  also  in  some  degree  through  the  medium  of  the  Cutaneous 
surface.  In  some  of  the  lower  tribes  of  animals,  indeed,  this  is  a  very 
important  part  of  their  respiratory  process :  and  even  in  certain  Verte- 
brata.the  cutaneous  respiration  is  capable  of  supporting  life  for  a  con- 
siderable time.  This  is  especially  the  case  in  the  Batrachia,  whose  skin  is 
soft,  thin,  and  moist ;  and  the  effect  is  here  the  greater,  since,  from  the 
small  proportion  of  the  blood  that  has  passed  through  the  lungs,  that 
which  circulates  through  the  system  is  very  imperfectly  arterialized.  By 
the  experiments  of  Bischoff  it  was  ascertained  that,  even  afler  the  lungs 
of  a  Frog  had  been  removed,  a  quarter  of  a  cubic  inch  of  Carbonic 
acid  was  exhaled  from  the  skin  in  the  course  of  eight  hours.  Ex- 
periments on  the  Himian  subject  leave  no  room  for  doubt,  that  a  similar 
process  is  effected  through  the  medium  of  his  general  sur&ce,  although 
in  a  very  inferior  degree ;  for  by  confining  the  body  in  a  close  chamber, 
into  which  the  products  of  cutaneous  respiration  could  freely  pass,  whilst 
the  pulmonary  respiration  was  measured  by  a  distinct  apparatus.  Prof. 
Scharling}  ascertained  that  the  proportion  of  Carbonic  acid  given-off  by 
the  Skin  is  from  l-SOth  to  l-60th  of  that  exhaled  frx)m  the  Lungs  during 
the  same  period  of  time.  Dr.  Ed.  Smith  enclosed  the  whole  of  his  body, 
except  the  head,  in  a  Caoutchouc  bag,  passed  a  current  of  air  through  it, 
and  collected  the  Carbonic  acid.  The  whole  quantity  obtain^  in 
Summer,  including  that  found  in  the  air  of  the  room,  was  6  grains  per 
hour,  or  somewhat  more  than  1  per  cent  of  the  amount  passing  off  by 
the  Lungs.  Moreover,  it  has  been  observed,  not  unfrequently,  that  the 
livid  tint  of  the  skin  which  supervenes  in  Asphyxia,  owing  to  the  non- 
arterialization  of  the  blood  in  the  lungs,  has  given  place  after  death  to 
the  fresh  hue  of  health,  owing  to  the  reddening  of  the  blood  in  the 
cutaneous  capillaries  by  the  action  of  the  atmosphere  upon  them ;  and  it 
does  not  seem  improbable  that,  in  cases  of  obstruction  to  the  due  action 
of  the  lungs,  the  exhalation  of  Carbonic  acid  through  the  skin  may 
undergo  a  considerable  increase ;  for  we  find  a  similar  disposition  to 
vicarious  action  in  other  parts  of  the  excreting  apparatus.  There 
is  also  evidence  that  the  interchange  of  gases  between  the  air  and  the 
blood,  through  the  Skin,  has  an  important  share  in  keeping-up  the  tem- 
perature of  the  body  (chap,  x.)  ;  and  we  find  the  temperature  of  the 
surface  much  elevated  in  many  cases  of  pnetunonia,  phthisis,  &c.,  in  which 
the  lungs  seem  to  perform  their  function  very  insufficiently. 

290.  The  total  amount  of  Carbonic  acid  daily  given-off  from  the  Skin 

*  "Recberches  de  Pbysiologie  et  de  Cbimie  Fatbologiqnes/'  1811. 
f  •<  De  Qnantitate  relativa  et  abeolota  Acidi  Carbooid  ab  Hominc  Saso  et  Mfcroio 
ezbaUti,*'  1845. 

t  *'  Ann.  der  Cbem.  nnd  Pbarm.,'*  1846. 


2H 


OF  RESFIRATIOM* 


and  Xitinga  may  be  estimated  in  another  mode ;  namely,  by  determining 
the  total  amount  of  Carbon  contained  in  tbe  itigesta^  and  tlic  amount 
excreted  in  other  ways,  making  allowance  for  the  difTerence  in  weight  (if 
any)  of  the  body.  In  this  mode,  Prof*  Liebig  came  to  the  conclusion^ 
that  the  average  amount  of  carbon  exhaled  by  soldiers  in  barracks  was 
13"9  oz.  (Heaaian)  or  very  nearly  14  oz.  troy.  From  similar  collective 
observations  upon  tlie  inmates  of  the  Bridewell  at  Marienschlose  (a  prison 
where  labour  is  enforced),  he  calculated  that  each  individual  exhaled 
10*5  02.  of  carbon  daily  in  the  foriu  of  Carbonic  acid  \  while  in  a  priaon 
at  Giessen,  whose  iimiates  are  deprived  of  all  exercise^  the  daily  average 
was  but  6"  5  o^.*  It  has  been  shown  by  Prof.  Scharling^f  that  the  total 
amount  of  carbon  contained  in  the  daily  allowance  of  food  and  drink  in 
the  Danish  Na\"y  is  somew'hat  less  than  10*5  02.;  and  as  we  shall  pre- 
sently see  tlmt  from  1-lOth  to  1-1 2th  of  tlie  carbon  ingested  passes- off 
through  otlier  channels*  scarcely  more  than  d'b  oz.  of  this  amount  can  be 
consumed  by  the  respiratory  prooeas.^ — -A  very  exact  estimate ^  though 
Iwised  on  more  Kmited  data,  was  made  by  M.  Barral  ;|  who  experimented 
upon  himself  (a?t.  29)  in  winter  (a)  and  in  summer  (b),  upon  a  boy  6 
yejurs  old  (c),  iipou  a  man  59  years  old  (d)j  and  upon  an  uimiarried 
woman  of  32  years  (£).  The  following  table  gives  the  results  which  he 
obtained,  from  an  average  of  five  days,  m  regard  to  the  disposal  of  the 
Carbon  of  the  food ;  those  which  relate  to  its  Nitrogen,  Hydrogen,  and 
Oxygen  will  be  noticed  subsequently  (§§  292,  293), 


Witiffht  qfBotfy. 

Car^iM  t^Ibod, 

In  FjEceB. 

In  t-rioe,       Bv  extmlAtion. 

A 

104-5  Iba.      . 

6654-1  gTB, 

236-2  grs. 

234-6  gr^,     WSa^Sgre, 

B 

4090-0    ,, 

137-4   „ 

tni-5    ,j       3741-1    ,, 

C 

S3      ,,        . 

£382-3  ,» 

149-7  „ 

67-9  „       2164-7   ,, 

D 

129*1    ,,        . 

5123-0   „ 

210*0  ,, 

327-3  ,,       4685-7   „ 

£ 

13iS  ,. 

4&20'S  „ 

64-8   ., 

2161   M       423&&  „ 

Thus  the  average  amount  of  the  Carbon  daily  consumed  in  pnlmonaiy  and 
cutaneoufi  exhalation  by  SL  Barral  himself,  wae  in  winter  5 183 -3  grains, 
or  10 '8  OZ-  troy  j  wldlst  in  summer  it  was  bnt  3741-1  grains,  or  7 '8  02. 
troy ;  this  diiference  is  quite  conformable  to  what  might  have  been  anti- 
cipaterl  from  the  reiidts  of  a  different  mode  of  ejiperimenting  (§  288,  l)  ; 
and  it  throws  some  light  on  tlie  discrepancies  in  the  resnlta  of  other 
nieasiu-ementa,  to  find  that  the  eensonal  variation  is  scarcely  lorn  titan 
one-third  of  the  mean  between  these  two  amounts.  The  other  reaidts 
cotresj)ond  closely  witli  the  statements  of  MM,  Andral  and  Gavarret,  in 
regard  to  the  higher  projiortion  of  Carbonic  acid  exhaled  (as  compared 
with  the  bulk  of  the  !>ody)  by  children j  and  the  smaller  proj>ortion 
throwB-off  by  men  advanced  in  years,  and  by  women.  In  some  experi- 
ments made  on  himself  in  Pettenkofer's  apparatus,  Ranke  (weighing 
ICl  lbs*)  found  that  when  at  rest  and  fastings  10,190  grdius  of  Carbonic 
acid  or  2771*  grains  of  Carbon  were  eliminated  in  twenty  hours  by  tlie 
Skin  and  Lungs,  whilst  witlj  as  full  a  diet  as  possible  the  amoimt  was 
13,278  grains  of  Carbonic  acid,  or  3021  grains  of  Carbon. 

291.  It  IB  not  only  by  an  oxygenated  atmosphere  that  the  removal  of 

♦  Op.  ciL,  p.  40,  t  "  Ann,  der  Chem,  ami  Pham,,**  1S46, 
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Carbonic  acid  from  the  blood  may  be  effected.  For  although  it  w^  for- 
merly supposed  that  the  exhaled  Carbonic  acid  is  generated  in  the  limgs 
by  the  combination  of  atmospheric  oxygen  with  the  carbonaceous  matters 
of  the  blood,  and  that  the  inhalation  of  oxygen  is  therefore  immediately 
necessary  for  its  production,  yet  it  is  now  quite  certain  that  this  Carbonic 
acid  exists  preformed  in  venous  blood,  and  that  the  oxygen  introduced  is 
carried  into  the  arterial  circulation,  instead  of  being  at  once  returned  to 
the  air  in  the  state  of  Carbonic  acid  (§  169).  Hence  an  exhalation  of 
Carbonic  acid  may  continue  for  a  considerable  period  (in  cold-blooded 
animals  especially),  whilst  the  animal  is  breathing  an  atmosphere  in  which 
BO  oxygen  exists.  Thus  it  was  shown  by  Spallanzani,*  that  snails  might 
be  kept  for  a  long  time  in  Hydrogen,  without  apparent  injury  to  them ; 
and  that  during  this  period  they  disengaged  a  considerable  amount  of 
Carbonic  acid.  Dr.  Edwardsf  subsequently  ascertained  that,  when  Frogs 
were  kept  in  hydrogen  for  several  hours,  the  quantity  of  Carbonic  acid 
exhaled  was  fully  as  great  as  it  would  have  been  in  atmospheric  air,  or 
even  greater;  this  latter  fact,  if  correct,  may  be  accounted-for  by  the 
superior  displacing  power  which  (on  the  laws  of  the  diffusion  of  gases) 
hydrogen  possesses  for  Carbonic  acid.  Collard  de  Martigny}  repeated  this 
experiment  in  Nitrogen,  with  the  same  results.  In  both  sets  of  experi- 
ments, the  precaution  was  used  of  compressing  the  Hanks  of  the  animal, 
previously  to  immersing  it  in  the  gas,  so  as  to  expel  from  the  lungs  wliatever 
mixture  of  oxygen  they  might  contain.  These  experiments  have  been 
since  repeated  by  Muller  and  Bergemann,  who  took  the  additional  pre- 
caution of  removing,  by  means  of  the  air-pump,  all  the  atmospheric  air 
that  the  lungs  of  the  frog  might  previously  contain,  together  with  the 
Carbonic  acid  that  might  exist  in  the  alimentary  canal.  They  found  in 
one  of  their  experiments,  that  the  quantity  of  Carbonic  acid  exhaled  in 
hydrogen  was  nearly  a  cubic  inch  in  6^  hours;  and  in  another,  that 
nearly  the  same  amount  was  given-ofi*  in  nitrogen,  though  this  required 
rather  a  longer  period.  It  appears  from  the  table  of  their  results,  §  that 
the  amount  was  not  ordinarily  greater  in  the  experiments  which  were  pro- 
longed for  twelve  or  fourteen  hours,  than  in  those  which  were  terminated 
in  half  the  time ;  hence  it  may  be  inferred,  that  the  quantity  which  the 
blood  is  itself  capable  of  disengaging  is  limited,  and  that  the  absorption 
of  oxygen  is  necessary  to  enable  Carbonic  acid  to  be  continuously  set-free 
from  the  body. — It  is  impossible,  however,  for  an  adult  Bird  or  Manmial 
to  sustain  life  for  any  considerable  time  in  an  atmosphere  deprived  of 
oxygen ;  since  the  greatly-increased  rapidity  and  energy  of  all  their  vital 
operations  necessitate  a  much  more  constant  supply  of  this  vivifying 
agent,  than  is  needed  by  the  inferior  tribes ;  and,  as  we  shall  presently 
see,  the  capillary  action  requisite  for  the  passage  of  the  blood  through 
the  lungs  will  not  take  place  without  it  (§  299).  But  Dr.  Edwards 
has  shown  that  young  Mammalia  can  sustain  liie  in  an  atmosphere  of 
hydrogen  or  nitrogen,  for  a  sufficient  length  of  time  to  exhale  a  sensible 
amount  of  Carbonic  acid ;  so  that  the  character  of  the  process  is  clearly 

*  "  M6moire8  ear  la  Respiration,**  traduit  par  Senebier,  Gendve,  1804. 
t  "De  I'lnfluence  des  Agens  Physiques  sur  la  Vie,**  Paris,  1824. 
t  *  Recbercbes  Experimentales/    &c.    in    Magendie*s  ''  Joornal  de  Physiologie,*' 
torn.  X. 
§  MiUler^s  "  ElemenU  of  Physiology,"  translated  by  Bfdy,  vol.  L  p.  888. 
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proved  to  l>e  die  aatne  in  warm-blooded  anmiali  as  in  Heptilcs  and 
liivertebrata. 

292,  Much  discussion  lias  taken  place  with  regard  to  the  degree  in 
which  the  proportion  of  Nitrmjen  in  the  air  ia  alTectjed  by  Kcsptratian. 
It  Beems  probiible  that  the  absorption  and  exhalation  of  thia  gaa  are  con- 
tinually taking  place ;  but  that  the  two  amounts  usudly  nearly  balimce 
each  other.*  On  the  whole,  however,  tlieTe  is  adequate  reason  to  believe 
that  Nitrogen  ia  ordinarily  given-off;  this  l>eing  the  joint  result  of  the 
analynie  of  the  e,ypircd  air,  and  of  the  eomparison  of  the  amount  of  nitrogen 
given 'Olf  in  the  other  excretions  with  that  ingested  as  a  constituent  of  the 
food.  In  some  experiments  made  by  KegTuiult  and  Rebet,  on  the  compoai- 
tion  of  the  expire^l  air  in  variotis  warm-blooded  animals,  they  arrived  at  the 
following  conclusaons : — (1).  That  w*arm-lilooded  animals  subjected  to 
their  ordinary  regimen  exhale  nitrogenj  but  never  in  larger  proportion  than 
l-50th^  and  sometimes  in  less  than  ^-JCK^tll,  of  the  oxygen  consumed;-^ 
(2).  That  in  a  state  of  inanition,  animaln  usually  absorb  nitrogen  j — 
(3),  That  animals  whose  usual  diet  has  been  changed,  usually  absorb 
oxygen  until  they  are  accustomed  to  their  new  food.f — In  otlier  experi- 
ments made  by  BoussingauJt  upon  tnnle-doves,  and  by  Barral  upon  the 
Human  sulyeet,  in  which  a  conipariflon  was  made  l>etween  the  amoimt  of 
Nitrogen  given-off  in  the  other  excretione,  and  that  ingested  as  a  con- 
stituent of  the  food»  it  was  determined  that  the  surplus  of  nitrogen  in 
the  food  of  tlie  birds  above  that  excreted  by  the  kidneys  and  intestinal 
ctuial  wjia  2i  grains  daily,  or  one-third  of  the  weight  of  the  nitrogen  in  tlieir 
food ;  whilst  Barr*U  estimated  that  the  amount  of  nitrogen  which  (}>oing 
otherwise  unaccounted  for)  must  lie  considered  to  have  ]ia38e<l-oll'  by  the 
hmgs  and  akin,  varied  from  l-75tli  (in  an  adult)  to  l-143rd  (in  a  child) 
of  the  oxygen  consumed,  tlie  former  proj>ortion  agreeing  very  well  witli  that 
deduced  by  MM.  RegnauJt  and  Jieiset  Irom  their  experiments  on  animalsp 
— It  will  bo  remembered  that  Nitrogen  exists  in  an  nncombined  state  in 
the  blood  (§  16^)^  its  percentage,  howeverj  is  continnaUy  varying ;  and 
no  constant  difference  is  observable  between  the  proportions  yielded  by 
arterial  and  venous  blood  respectively* 

[The  alterations  effected  in  the  Blood  by  Respiration  have  already  been 
fully  considered.     See  §§  Ifii:i-170,] 

293*  Exhalation  and  Ahsorpttofi  ihrough  tht  Lungs. — I'ho  Air  expired 
fwm  the  lungs  diifers  from  that  wliich  was  introduced  into  thenj,  not 
merely  in  tlie  altered  proportions  of  its  Oxygen,  Nitrogen,  and  Carbonic 
acid,  but  also  in  having  received  (under  ordinary  clrcumstiuices  at  least) 
a  large  addition  to  its  watery  vapom-.  This  it  doubtless  ucqiiires  in 
accordance  with  physical  laws^  through  its  exposure  to  the  wtu-m  blood 
which  is  spread* out  over  a  very  extensive  suriace,  the  intermediate  mem- 
bmne  being  extremely  permeable  \  and  the  variations  in  its  amount  will 
depend  upon  the  jihyeical  conditions  imder  which  tltat  exposure  takes 
place,  The  air  expired  in  ordinary  resjnration  is  chargefl  with  as  much 
watery  vajxmr  as  BJituratee  it  at  the  tempenitnre  of  the  body ;  and  con- 
setpiently  the  amount  of  watery  %ajour  thus  exhaled  will  vary  (for 
equal  volumes  of  air  at  any  given  temperature)  in  the  inverse  pro|>ortion 

•  For  the  consitleratinnK  which  render  thiB  pr^tlmhlc,  bcc  espct'lally  Br,  W»  F,  Edwarda 
**0n  the  luHnvnce  of  Pfiyeficiil  Agciiia  i^n  Life,"  |«irt  iv..  cli:i]>,  ivi.,  H.*ct*  2,  3. 
t  *■  Ann,  de  ahim.  et  d«  Pb^«., '*  1840  ;  md  ''Mim.  de  CMm.  Agric,/*  1^51,  p.  U. 
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to  that  which  the  air  previously  contained.  But  when  the  air  is  very 
cold  and  very  dry,  and  the  respiration  is  unusually  rapid,  it  may  not 
remain  sufficiently  long  in  the  air-cells  to  be  raised  to  the  temperature  of 
the  body,  or  to  be  fully  saturated  with  moisture.  The  amount  of  watery 
vapour  exhaled,  moreover,  will  of  coiurse  depend  in  part  upon  the  quantity 
of  air  which  passes  through  the  lungs.  And  from  these  causes  of  diffe- 
rence, it  happens  that  the  amoimt  of  watery  vapour  exhaled  in  twenty-four 
hours  may  vary  from  about  6  oz.  to  27  oz. ;  its  usual  range,  however,  being 
between  7  and  11  oz.  Dr.  Ed.  Smith  found  that  during  a  long  fast  the 
quantity  of  vapour  exhaled  by  the  lungs  was  2*02  grs.  per  minute,  or 
•548  gr.  in  every  100  cub.  in.  of  expired  air.  With  food  and  at  rest,  the 
quantity  varied  from  3  grs.  to  3*4  grs.  per  minute.  The  inhalation  of 
alcoholic  vapours  increased  the  quantity  of  vapour  exhaled ;  when  alcohol 
was  drunk  the  quantity  was  also  increased,  but  it  was  decreased  under 
the  action  of  gin. — Of  the  fluid  ordinarily  exhaled  with  the  breath,  a 
part  doubtless  proceeds  from  the  moist  lining  of  the  nostrils,  fauces, 
&c, ;  but  it  is  indisputable  that  the  greater  proportion  of  it  comes  from 
the  limgs,  since,  when  the  respiration  is  entirdy  performed  through  a 
canula  introduced  into  the  trachea,  the  amount  of  watery  vapour  which 
the  breath  contains  is  still  very  considerable.  Of  the  proper  pulmonary 
exhalation,  there  can  be  no  doubt  that  the  greater  part  is  the  mere  sur- 
plus-water of  the  blood,  and  especially  of  the  crude  fluid  which  has  been 
newly  introduced  into  the  circulating  ciurent  by  the  process  of  nutritive 
absorption.  But  there  is  strong  evidence  that  Hydrogen  as  well  as  carbon 
undergoes  combustion  in  the  system,  and  that  a  portion  of  the  exhaled 
aqueous  vapour  is  the  product  of  that  combustion.  For  of  the  hydrogen 
which  the  food  contains,  not  more  than  from  l-8th  to  1-lOth  passes-ofT 
by  the  other  excretions,  the  remaining  7-8ths  or  9-lOths  being  exhaled 
in  the  condition  of  watery  vapour  from  the  lungs.  A  portion  of  the 
oxygen  which  this  vapour  contains  is  supplied  by  the  food  f  but  there  is 
usually  a  considerable  surplus  of  hydrogen,  and  this  can  only  be  converted 
into  water  at  the  expense  of  oxygen  derived  from  the  atmosphere.  Upon 
this  point  the  experiments  of  M.  Barral  (loc.  cit.)  gave  the  following 
results : — that,  of  the  Hydrogen  exhaled  frt)m  his  limgs  and  skin,  in  the 
condition  of  watery  vapour,  not  less  than  321*1  grs.  in  winter,  and  252*8 
grs.  in  summer,  must  have  been  converted  into  water  by  oxygen  derived 
from  the  air ;  and  this  calculation  would  give  2889*9  grs.  (6  oz.  troy)  for 
the  winter,  and  2275*2  grs.  (4*7  oz.  troy)  for  the  summer,  as  the  amount 
of  water  thus  generated  in  the  combustive  process.  This,  however,  can 
only  be  regarded  as  an  approximation  to  the  truth ;  since  there  are  many 
circumstances  not  taken  into  account  in  the  computation,  by  which  the 
estimate  may  be  affected. 

294.  The  fluid  thrown-off  from  the  lungs  is  not  pure  Water.  It  holds 
in  solution,  as  might  have  been  expected,  a  considerable  amoimt  of  Car- 
bonic acid,  and  also  some  animal  matter,  which,  from  the  inquiries  of  Dr. 
R.  A.  Smith,*  would  appear  to  be  an  albuminous  substance  in  a  state  of 
decomposition.  According  to  Wiederhold,f  the  Chlorides  of  Soditun  and 
Ammonium,  Uric  Acid  and  the  Urates  of  Soda  and  Ammonia,  may  be 
detected  in  the  expired  air.     If  the  fluid  be  kept  in  a  closed  vessel,  and 

*  *'  PhiloBophical  Magazine,*'  toI.  zzx.  p.  478.      f  ''  Deutache  Ellnik,"  1858. 
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be  escposed  to  an  elevated  temperature,  a  very  evident  putrid  odour  is 
exlialed  by  it.  Every  one  knows  tliat  the  breath  itaelf  has,  oucaaionaUy 
m  aome  persona^  nud  constantly  in  otherSr  a  foetid  tahit :  when  tliia  does 
not  proceed  from  earioua  teeth,  ulcerations  in  die  air-jiaaaagea,  disease  in 
tlie  limgs,  or  other  similar  causes,  it  muit  result  from  die  excretion  of 
the  odorous  matter,  in  combination  with  watery  vapour,  from  tlie  pul- 
monary surfiice.  That  this  is  the  tme  account  of  it,  seems  evident  irom 
the  analogous  phenomenon  of  the  excretion  of  turpentine,  camphor, 
alcohol f  and  other  odorous  substanoes,  which  have  been  introduced  into 
the  venous  sy^stem,  either  by  natural  absorption^  or  by  direct  injection ; 
and  alflo  from  the  suddenness  wltij  whicli  it  often  manifests  itaellj  when 
the  digestive  appaxatiis  is  slightly  disordered,  apparently  in  consequence 
of  the  entrance  of  aome  mal^assimilated  matter  into  the  blood*  Among 
the  Bubstmio^  occasionally  thrown-off  by  the  lungs,  PhosphoTiwi  deserves 
n  special  mention,  on  account  of  the  pecuharity  of  the  form  urider  which 
it  is  eliminated ;  for  it  has  been  found  that  if  phosphorus  be  mixed  witli 
oil,  and  be  injected  into  the  blood-vessels,  it  ptrdy  escapes  in  an  uno^* 
di^ed  state  from  the  lungs^  rendering  the  breadi  luminoiia.*  And  this 
[uminous  breath  has  also  been  observed  in  spirit- drinkers ;  in  whom  the 
oxidadon  of  die  effete  matters  of  the  system  is  impeded,  in  consequence 
of  die  demand  set-up  by  tlie  alcohol  ingested  for  the  oxygen  introduced 
(§  288,  viiL). 

295,  Nut  only  exhalation^  but  also  (under  peculiar  circumstanoea) 
uhaorption  of  lluid  may  take  place  through  d>e  Liings,  Thus  Dr.  Maddenf 
has  shown  that,  if  the  vaponr  of  hot  water  be  inhaled  for  some  time 
togedier,  the  total  loss  by  exhalation  is  so  much  less  than  usual,  as  to 
indicate  that  the  cutaneous  transpiratiou  is  partly  counterbalanced  by 
pulmona^  absorption  \  the  pulmonary  exhaktion  being  at  the  same  time 
entirely  checked.  It  is  probable  tliat,  Lf  the  quantity  of  fluid  in  tlie  blood 
had  been  previously  diminished  by  escesaive  sweatiug,  or  by  other 
copious  fluid  secretions,  the  pulnion^iry  absorption  would  have  been 
much  greater.  StiU  in  the  cases  formerly  mentione<^l  (§  HB),  in  which 
a  large  increase  in  weight  could  only  be  accounted-for  on  the  supposition 
of  absorption  of  water  from  the  atmosphere,  it  seems  probable  that  the 
cutaneous  surface  was  chiefly  concerned  \  for  it  can  only  be  when  the  air 
introduced  into  the  lungs  is  saturated  with  watery  vapour,  that  tJie  usual 
exhalation  will  be  checked,  or  that  any  absorption  can  take  pla<^. 

296.  That  alisorption  of  other  volatile  matters  diffused  tln^ugh  the 
air,  however,  is  continually  taking  place  by  the  Lungs,  is  easily  demon- 
strated, A  iamiliar  example  is  die  effect  of  the  inhalation  of  the  vajxjur 
of  Turiientine  upon  the  urinary  excretion.  It  can  only  be  in  this  maimer 
that  those  gases  act  upon  the  system,  which  have  a  noxious  or  ]X)isonoua 
effect  when  mingled  in  small  quantities  in  die  atmosphere ;  and  it  ia 
most  astonishing  to  witness  the  extraordinary  increase  in  potency  which 
many  substances  exliibit,  when  they  are  brought  into  relation  widi  the 
blood  in  the  gaseous  form.  The  most  remarkable  example  of  this  kind 
ii^  afforded  by  Arseniuretted  Hydrogen,  the  inspiration  of  a  iew  him- 
dredths  of  a  grain  of  which  has  been  producdve  of  fatal  consequeocea, 
the  r^nilting  symptoms  being  those  of  arsenical  poisonbig.    Next  to  this, 


*  "Gnaptr's  WocUetiBchrift,"  1849,  band  xv. 
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perhaps,  in  deleterious  actdvily,  is  Sulphuretted  Hydrogen ;  but  it  would 
seem  that  the  effects  of  this  gas  upon  the  Human  subject  are  scarcely  so 
yiolent  as  they  are  upon  anmials ;  for  though  it  haa  been  found  that  the 
presence  of  1 -500th  part  of  it  in  the  respired  air  will  destroy  a  bird  in 
a  very  short  time,  that  1 -800th  part  suffices  to  kill  a  dog,  and  that 
l-250th  part  is  &tal  to  a  horse,  yet  M.  Parent-Duch&telet  has  affirmed 
that  workmen  habitually  breathe  with  impunity  an  atmosphere  containing 
one  per  cent,  and  that  he  himself  has  respired,  without  serious  symptoms 
ensuing,  air  which  contained  three  per  cent.  There  can  be  no  doubt, 
however,  that  the  continued  inhalation  of  air  thus  contaminated  would 
be  speedily  fetal.  Sulphuretted  hydrogen  and  Hydro-sulphuret  of  am- 
monia are  given  off  from  most  forms  of  decaying  animal  and  vegetable 
matter ;  and  it  is  undoubtedly  to  the  accumulation  of  these  gases,  that 
the  fetal  results  which  sometimes  ensue  from  entering  sewers  are  to  be 
chiefly  attributed. — Carburetted  hydrogen  is  another  gas  whose  effects 
are  similar ;  but  a  larger  proportion  of  it  is  required  to  destroy  life. — 
Carbonic  acid  gas,  also,  appears  to  be  absorbed  by  the  limgs,  when  a 
large  proportion  of  it  is  contained  in  the  atmosphere.  The  accimiulation 
of  this  gas  in  the  blood,  when  the  respired  air  is  charged  with  it  even 
to  a  moderate  amount,  might  be  attributed  to  the  impediment  thus 
offered  to  its  ordinary  exhalation  (§  286);  but  the  following  experiment 
appears  to  prove  that  it  may  be  actually  absorbed  into  the  blood,  and 
that  it  will  thus  exert  a  really-poisonous  influence,  not  merely  pro- 
duce an  asphyxiating  effect.  It  was  found  by  Bolando,  that  the  air- 
tube  of  one  limg  of  the  land-tortoise  may  be  tied,  without  apparently 
doing  any  material  injury  to  the  animal,  as  the  respiration  performed  by 
the  other  is  sufficient  to  maintain  life  for  some  time ;  but,  having  con- 
trived to  make  a  tortoise  inhale  carbonic  acid  by  one  limg,  whilst  it 
breathed  air  by  the  other,  he  found  that  the  animal  died  in  a  few  hours.* 
— Cyanogen  is  another  gas  which  has  an  actively-poisonous  influence 
upon  animals,  when  absorbed  into  the  lungs;  its  agency,  also,  is  of  a 
narcotic  character. 

297.  It  is  singular  thai!  the  effects  of  the  respiration  of  pure  Oxygen 
should  not  be  dissimilar.  At  first  the  rapidity  of  the  pulse  and  the 
number  of  the  respirations  are  increased,  and  the  animal  appears  to  suffer 
little  or  no  inconvenience  for  an  hour;  but  symptoms  of  coma  then 
gradually  develope  themselves,  and  death  ensues  in  six,  ten,  or  twelve 
hours.  If  the  animals  be  removed  into  the  air  before  the  insensibility 
is  complete,  they  quickly  recover.  When  the  body  is  examined,  the 
heart  is  seen  beating  strongly ,^  while  the  diaphragm  is  motionless ;  the 
whole  blood  in  the  veins,  as  well  as  in  the  arteries,  is  of  a  bright  scarlet 
oolour ;  and  several  of  the  membranous  surfaces  have  the  same  tint. 
The  blood  is  observed  to  coagulate  with  remarkable  rapidity ;  and  it  is  to 
the  alteration  in  its  properties  occasioned  by  hyper-arterialization  (§  170), 
and  indicated  by  this  condition,  that  we  are  probably  to  attribute  the 

*  The  fatal  result  of  breathing  the  fames  of  charcoal  is,  therefore,  not  simple  Asphyxia^ 
such  as  would  result  from  breathing  hydrogen  or  nitrogen. — Other  volatile  products  are 
set-free  in  the  combustion  of  charcoal,  besides  carbonic  acid.  Mr.  Coathupe  (loc.  cit.) 
states  these  to  be  Carbonate,  Muriate,  and  Sulphate  of  Ammonia,  Carbonic  Oxide,  Oxygen, 
Nitrogen,  Watery  vapour,  and  Smpyreumatic  Oil :  to  these,  Sulphurous  acid  may  appear 
to  be  properly  added. 
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fi^  result.  Tliere  can  be  no  doubt  that,  in  tbja  instance,  an  unduo 
amannt  of  oxjgeu  in  absorbed ;  and  it  does  not  seem  imJikely  that  whiht 
one  caiiBe  of  the  fatal  result  la  a  atagnation  of  the  blood  in  tlie  sj'^etemic 
ciipilkrtea,  oons&i|iieut  ujjou  the  want  of  sufficient  diange  io  its  passago 
through  thetn  (§  24H),  atiother,  and  perhaps  still  more  important  one, 
is  to  be  found  in  the  diminiahed  activity  of  the  respiratoiy  nervous  centres, 
consequent  upon  the  pretience  in  their  capillaries  of  blood  gureharged 
wtth  oxygen  (§  27^).  When  Nitrogen  or  Hydrogen  is  breathed  for  any 
hngtli  of  time,  death  results  troiu  the  deprivation  of  Oxjgenj  rather  tliim 
from  any  deleterious  intluenco  which  tliesc  gases  themselves  exert. — Death 
is  also  eatised  by  tSe  itdialation  of  several  gases  of  an  irritant  cliaracter, 
such  as  Siilphiu*ous,  NitrouB,  and  M^u*jatic  acida;  but  it  is  doubUiil  how 
far  they  are  absorl>ed,  or  how  far  their  injurious  effe<:ts  are  due  to  tho 
abnormal  action  which  they  excite  in  the  hning  membrane  of  the  air- 
cellii  aod  tubes, — It  cannot  be  doubted  that  Miasmata  and  otlier  morbific 
agents  diffused  through  tlie  atmosphere,  are  more  readily  introduced  into 
the  system  tlirough  the  pulmonary  surface  tlian  by  any  other ;  and  our 
aim  should  therefore  he  directed  to  tlie  discovery  of  some  counteracting 
Mgente,  wdiich  Ciui  be  introduced  in  the  same  manner.  The  Pulmonary 
BurHic^  af¥ortk  a  most  arlvontageous  channel  for  the  introduction  of  certain 
medicines  that  c;m  bo  raised  in  vajxiur,  wdien  it  is  desired  to  affect  tho 
By  stem  witli  theni  speedily  and  powerfully;  such  is  pre-eminently  the  ctuit} 
with  those  AuKSthetic  agents^  ether  and  chloroform,  whose  intrtKiuctlon 
into  the  various  departments  of  Medical  and  Surgical  practice  conistitutes 
a  most  important  em  in  the  history  of  the  healing  art ;  also  witli  Mer- 
cury,* Iodine,  Tobacco,  Stramonimu,  &c. 

3.  Effects  of  Suifpemwn  or  Deficiency  of  Hespimthn, 

298.  We  have  now  to  consider  the  results  of  the  cessation  of  the 
Respiratory  iunction,  and  the  consequent  retention  of  Carbonic  acid  in 
the  blood.  If  this  be  sufficiently  prolonged,  a  condition  ensues  to  which 
tJie  imme  (yf  Asphi/xia  has  been  given;  the  essential  cliaracter  of  wliick 
is  the  cessation  of  muscular  movement,  and  shortly  a^r wards  of  the 
Circulation  ;  with  an  aceumulation  of  blood  in  the  veuoua  ^^em.  The 
time  which  is  necessary  for  life  to  be  destroyed  by  Aaphyida  varies  much, 
cot  only  in  different  animals,  but  in  different  states  of  the  same.  Thim, 
%varm -blooded  animals  are  much  sooner  asphyxiated  thau  Reptiles  or 
Invertebnita ;  on  the  other  hand,  a  hybernating  Mamma!  sniJjforta  lile 
for  mauy  months^  wuth  a  respiration  sufficiently  low  to  j^roduce  speedy 
aspliyxia  if  it  were  in  a  state  of  activity.  And  among  Mannnfdia  and 
Birds,  there  are  many  species  which  are  adapted,  by  jtecuiiarities  of  con- 
formation, to  sustain  a  deprivation  of  air  ibr  much  more  than  the  average 
period. t     Excluding  these,  it  may  be  stated  as  a  general  fact,  that,  if  a 

*  The  bcDcficlivl  re«tilt«  of  the  iiitroductmti  of  Mercury  by  i cilia] Atton,  areatrikingly  set 
fi>rih  in  Mr,  Langttau  Parker^ a  Beoay  an  *'  The  Treatm^ut  of  Secondttrjf,  Ckfixittatioaal^ 
iijid  Confirmed  Sjpbilts,'* 

t  TtiuA,  the  Cetacea  Goatoin  far  more  blood  iii  tbeir  vesselst  tbp^  do  asj  other  Muel- 
mikViA  ;  Aod  those  ressels  are  m  srmagcid,  that  both  artmeB  and  veini  itre  In  cotmectioa 
with  large  rescrfotrt  or  diverticula,  Tbe  reifirvoira  belyngiog  to  the  fonner  are  asoallj 
full ;  but  when  the  Wliale  remains  long  uadtr  wat^rf  the  bbod  which  they  ci>ntaiii  is 
gnuliially  lutroiluf^ed  inUt  tlic  drcalation,  aadf  after  beooDoing  veDOU^  AOCtimuIa(e&  la  ths 
reoervoiriii  coancotcd  with  the  veiiouH  sysiemM  By  means  of  thJA  pmvieion,  tbs  Whale  Cfta 
ronuuu  under  water  for  more  thaa  aa  hour. 


EFFECTS  OF  SUSPENSION  OR  DEFICIENCY   OF  RESPIRATION.  801 

warm-blooded  animal  in  a  state  of  activity  be  deprived  of  respiratory 
power,  its  muscular  movements  (with  the  exception  of  the  contraction  of 
the  heart)  will  cease  within  five  minutes,  oflen  within  three;  and  that  the 
circulation  generally  fails  within  ten  minutes.  Thus,  in  the  experiments 
made  by  the  Committee  of  the  Royal  Medico-Chirurgical  Society,*  it  was 
found  tliat  when  death  by  drowning  took  place  rapidly,  it  was  due  to  the 
entrance  of  Water  into  the  lungs ;  and  that  if  the  entnmce  of  Air  into  the 
lungs  was  prevented  by  suddenly  inserting  a  cork  into  a  glass  tube  tightly 
tied  into  ^e  trachea,  the  average  duration  of  the  efforts  to  inspire  was 
4  minutes  5  seconds  in  dogs,  and  3  minutes  25  seconds  in  rabbits;  whilst 
the  average  duration  of  the  hearths  action  was  7  minutes  1 1  seconds  in  dogs, 
and  7  minutes  10  seconds  in  rabbits.  It  was  found  also  that  in  simple 
Apnoea  recovery  might  take  place  after  deprivation  of  air  for  3  minutes  50 
seconds,  whilst  immersion  for  1^  min.  was  usually  fatal. — Brown- S^quardf 
has  shown  by  numerous  experiments,  that  both  newly-born  animals  and 
adults  are  capable  of  resisting  the  Asphyxia  which  results  from  submer-f- 
sion,  by  so  much  longer  a  period  as  their  temperature  is  lower,  providing 
it  does  not  descend  below  64**  P.  As  a  general  rule,  the  newly-born 
animal  can  survive  submersion  for  a  longer  period  than  the  adult ;  this, 
however,  does  not  hold  in  the  case  of  guinea-pigs.  Of  14  newly-born 
rabbits  submersed  in  water  at  77''  P.,  5  had  a  temperature  of  95°  to 
96^°  P.,  and  survived,  on  the  average,  12^  minutes  :  4  had  a  tem- 
perature of  82°  to  89°  P.,  and  survived  17  minutes:  lastly,  5  had  a 
temperature  of  from  64°  to  70°  P.,  and  these  survived,  on  an  average,  26  J 
minutes.  A  newly-born  dog  will  survive,  if  its  temperature  be  low,  an 
immersion  of  50  minutes'  duration. — Many  persons  are  capable  of  sus- 
taining a  deprivation  of  air  for  two,  three,  or  even  foiur  minutes,^  without 
insensibility  or  any  other  injury ;  but  this  power,  which  seems  possessed 
to  the  greatest  d^ree  by  the  divers  of  Ceylon,  can  only  be  acquired  by 
habit.  The  period  during  which  remedial  means  may  be  successful  in 
restoring  the  activity  of  the  vital  and  animal  fimctions,  is  not,  however, 
restricted  to  this.  There  is  one  well-authenticated  case,  in  which  reco- 
very took  place  afler  a  continuous  submersion  of  fifteen  minutes  :§   and 

•  "Trana.,"  vol.  xlv.  p.  449.  f  "Journal  de  k  Phys.,"  toI.  ii.  p.  98  et  teq. 

1 1^.  Hutchinson  states  that  any  man  of  ordinary  'vital  capacity*  can  pass  two  minutes 
vithout  breathing,  if  he  first  makes  five  or  six  forcible  inspirations  and  expirations,  so 
as  to  cleanse  the  Innp  of  the  old  air,  and  then  fills  his  chest  as  completely  as  he  can. 
"  For  the  first  15  seconds,  a  giddiness  will  be  experienced ;  but  when  this  leaves  us,  we 
do  not  feel  the  slightest  inconvenience  for  want  of  air.**  (See  "  Cyclop,  of  Anat.  and 
Phys.,'*  vol.  iv.  p.  1066.) 

§  The  following  are  the  facts  of  this  case,  as  narrated  by  Marc  ("  Bfanuel  d'Autopde 
Gadav6rique  M6dico-L6gale,**  p.  165)  on  the  authority  of  Prater:— A  woman  convicted  of 
infanticide  was  condemned  to  die  by  drowning.  This  punishment  was  formerly  inflicted 
in  Germany  according  to  the  now  obsolete  Caroline  law,  the  culprit  being  inclosed  in  a 
sack  with  a  cock  and  a  cat,  and  sunk  to  the  bottom  of  the  water.  In  this  instance,  the 
woman,  alter  having  been  submerged  for  a  quarter  of  an  hour,  was  drawn-up,  and 
tporUaneoutly  recovered  her  senses.  She  stated  that  she  had  become  insensible  at  the 
moment  of  her  submersion ;  a  circumstance  which  adds  considerable  weight  to  the  sup- 
position, based  upon  the  post-mortem  appearances  in  many  cases  of  drowning,  that  death 
often  takes  place  as  much  by  Syncope  (or  primary  fjulure  of  the  heart's  action,  conse- 
quent upon  sudden  and  violent  emotion,  or  upon  physical  shock)  as  by  Asphyxia.  If 
the  reality  of  this  state  of  Syncopal  Asphyxia  be  admitted,  there  does  not  seem  any 
adequate  reason  for  limiting  the  pomible  persistence  of  vitality  in  a  submerged  body,  even 
to  half  an  hour ;  especially  if  the  temperature  of  the  water  be  such  as  not  to  cause  any 
rapid  abstraction  of  its  heat. 
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many  others  ore  on  record,  of  th€  revival  of  drowned  personfi  ni^r  nn  in- 
terval of  hali'aii  hour,  or  even  more;  but  there  is  not  tlie  aiune  eortaljity 
in  regard  to  ihesef  tlmt  the  mdividmds  muj  not  Imve  occasionally  risen  to 
the  aurJace  aad  taken  breath  there.  It  is  not  improbable,  however,  that 
in  some  of  these  cases  a  etafco  of  Syncope  had  come-on  at  the  moment  of 
immeraion,  through  the  influence  of  fear  or  other  mental  emotion,  con- 
ctisaion  of  the  bram,  ^c. ;  so  that,  when  the  circulation  was  thus  enfeebletl, 
the  deprivation  of  air  would  not  have  the  same  injurious  effect,  as  when 
this  function  was  in  ftill  activity.  The  case  would  then  closely  resemble 
that  of  a  bybernatinj^  animal ;  for  in  both  instances  the  being  might  be 
said  to  live  very  slowly,  and  would  therefore  not  ref^uire  the  usual  amoimt 
of  respiration*  The  condition  of  the  still-born  iniant  is  in  some  respeota 
the  same;  and  re -animation  has  been  aucccsaftdly  attempted,  when  nearly 
half  an  hour  had  intervened  between  birth  and  the  employment  of  re^tis- 
citafcing  means,  and  when  probably  a  much  longer  time  had  elapsed  from 
the  period  of  the  fluapenaion  of  tlie  circulation. 

209.  It  haa  now  been  sufficiently  proved,  both  by  asperiment  and  bj 
pathological  observation ^  that  the  first  effect  of  the  non-artcriali^iation  of 
the  blood  in  the  lungs  is  the  retardation  of  the  £uid  in  their  capillaries, 
and  also  in  those  of  the  Bystem  generally;  consequently,  the  arterial 
system  becomes  gorged  with  blood,  the  beats  of  the  heart  are  frequent 
and  energetic,  ita  leil  side  is  distended,  and  a  manometer  introducetl  into 
the  arterial  system  shows  for  a  short  time  an  increase  in  the  preesure. 
The  flame  condition  holds  \Wth  tlio  right  aide  of  the  heart  and  tlie 
pulmonary  artery*  The  blood  passes  witli  diffioulty  through  the 
capillaries  of  the  lungs,  and  the  venous  system  becomes  ttirgid  with 
blood.  Then  the  arterial  system  begins  slowly  to  empty  itself  of  its 
blood,  partly  by  contraction  of  its  musctilar  tissue,  stimulated  by  the 
presence  of  imperfectly-aerated  blood,  and  partly  by  its  natural  elasticity, 
and  thus  a  still  greater  accumulation  takes  place  in  tixe  venous  system. 
It  is  some  time^  however,  before  a  complete  stagnation  takes  place,  since, 
as  long  as  the  proportion  of  oxygen  which  remains  in  the  air  in  the  lungs 
is  considerable,  and  that  of  the  carbonic  acid  is  small,  so  long  will  some 
imperfectly ^arterialized  blood  find  its  way  l>ack  to  the  heart.,  and  he  trans- 
mitted to  the  system.  This  blood  exerts  a  depressing  influence  upon  the 
nervous  centres,  which  is  aided  by  the  diminution  that  gradually  titkes 
place  in  the  quantity  of  blood  propeUed  to  them ;  and  thus  the  powers  of 
the  Sensorial  centres  are  stisj^nded,  so  that  the  individual  becomes  un- 
conscious of  external  impressions ;  whilst  the  activity  of  the  Medulla 
Oblongata  also  bccoraes  diminished,  so  that  the  respiratory  movements 
ar#  enfeebled.  The  progressive  exliaustion  of  the  oxygen  of  the  air  in  the 
lungs,  and  the  accumulation  of  carbonic  acid  in  Uic  blood,*  increase  the 
obatruction  in  the  pulmonary  capillaries ;  less  and  less  blood  is  delivered 
to  the  systemic  arteries,  and  what  is  thus  transmitted  becomes  more  and 
more  venous ;  the  nervous  centres  are  now  completely  paralyzed,  and  the 
respiratory  movements  cease ;  and  the  deficient  siipplj  of  blood,  with  tlie 

*  SeUchesow  haa  made  ■omo  important  reseor^heft  on  llie  amount  aad  kind  of  giae« 
oontaiiied  Id  tfao  blood  of  aipfajxiated  aaim&la  (dogs).  He  fouaJ  that  odIj  traeas  of 
oxygen  coald  b&  diAcoTsred  in  either  tb6  ?eti£>tis  or  arterial  blood  :  th«  iiu&Dtity  of 
oitrogea  Taried  from  1  to  2  parts,  of  fre«  carbouiii  acid  frum  28  to  3 3 '3  parts^  aod  of  mm- 
luned  carbonic  ticld  from  1'7  to  4  partan   ^ilonle  aud  Mf^isstter,  '^BoKobt^*'  1359,  p.  S05)» 
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depravation  of  its  qtiaKty,  act  injuriously  upon  tho  muscular  system  also, 
and  especially  weaken  the  contractility  of  the  heart.  In  this  enfeebled 
state,  the  final  cessation  of  its  movements  seems  attributable  to  two 
distinct  causes,  acting  on  the  two  sides  respectively ;  for  on  the  right 
side  it  is  the  result  of  the  over-distension  of  the  mdls  of  the  ventricle, 
owing  to  the  accumulation  of  venous  blood ;  and  on  the  left  to  deficiency 
of  the  stimulus  necessary  to  excite  the  movement,  which  is  no  longer 
sustained  by  its  spontaneous  motility.  The  heart's  contractility  is  not 
finally  lost,  however,  nearly  as  soon  as  its  movements  cease;  for  the 
action  of  the  right  ventricle  may  be  renewed,  for  some  time  afler  it  has 
stopped,  by  withdrawing  a  portion  of  its  contents— either  through  the 
pulmonary  artery,  their  natural  channel — or,  more  directly,  by  an 
opening  made  in  its  own  parietes,  in  the  auricle,  or  in  the  jugular  vein 
(§219).  On  the  other  hand,  the  lefl  ventricle  may  be  again  set  in  action, 
by  renewing  its  appropriate  stimulus  of  arterial  blood.  Hence,  if  the 
stoppage  of  the  circulation  have  not  been  of  too  long  continuance,  it  may 
be  renewed  by  artificial  respiration  ;*  for  the  replacement  of  the  carbonic 
acid  by  oxygen  in  the  air-cells  of  the  lungs,  restores  the  circulation  through 
the  pulmonary  capillaries ;  and  thus  at  the  same  time  relieves  the  dis- 
tension of  the  right  ventricle,  and  conveys  to  tiie  lefb  the  due  stimulus  to 
its  actions. — Of  the  mode  in  which  the  Pulmonary  circulation  is  thus 
stagnated  by  the  want  of  oxygen,  and  renewed  by  its  ingress  into  the 
lungs,  no  other  consistent  explanation  can  be  given,  than  that  which  is 
based  on  the  doctrine  already  laid-down  in  regard  to  the  capillary  circu- 
lation in  general  (§  248) ;  namely,  that  the  performance  of  the  normal 
reaction  between  the  blood  and  the  surrounding  medium  (whether  this 
be  air,  water,  or  solid  organized  tissue)  is  a  condition  necessary  to  the 
regular  movement  of  the  blood  through  the  extreme  vessels.  That  no 
mechanical  impediment  to  its  passage  is  created  (as  some  have  maintained) 
by  the  want  of  distension  of  the  lungs,  has  been  fully  proved  by  the  ex- 
periments of  Dr.  J.  Reid  on  the  induction  of  Asphjrxia  by  the  respiration 
of  Nitrogen.  And  that  a  contraction  of  the  small  arteries  and  capillaries, 
under  the  stimulus  of  venous  blood,  cannot  be  legitimately  assigned  as 
the  cause  of  the  obstruction,  is  evident  from  the  consideration  brought  to 
bear  upon  it  by  the  same  excellent  experimentet ;  namely,  the  suddenness 
with  which  the  flow  is  renewed  on  the  admission  of  oxygen,  as  contrasted 
with  the  slowness  with  which  arteries  dilate  afler  the  removal  of  the 
cause  of  their  contraction  (§  226).f 

800.  It  is  obvious  that  by  the  repeated  passage  of  the  same  air 
through  the  limgs,  it  must,  though  originally  pure  and  wholesome, 
become  so  strongly  impregnated  with  Carbonic  acid,  and  must  lose 

*  Of  the  two'  chief  luodea  of  performing  thU  operation,  Dr.  Sylvester's  method 
of  alternately  raising  and  depressing  the  arms,  appears  to  be  fiu*  preferable  to  Dr.  Marshall 
Hairs  method  of  rotating  the  body  half  over,  and  pressing  on  its  chest.  See  Marshall 
Ilairs  work  on  "  Drowning,"  and  "Med.  Times  and  Gas.,**  1858,  yol.  i.  pp.147, 176  et  aeq, 

t  For  a  foller  discussion  of  the  pathology  of  Asphyxia,  see  the  **  Cyclop,  of  Anat  and 
Phys.^*'  art.  'Asphyxia,*  by  Prof.  Alison  ;  the  "  Library  of  Practical  Medicine,*'  toI.  iii., 
art.  *  Asphyxia,*  by  the  Author  ;  the  Experimental  Essay  by  Dr.  J.  Beid,  '  On  the  Order 
of  Succession  in  which  the  Vital  Actions  are  arrested  in  Asphyxia,*  in  the  "  Edinb.  Med. 
and  Surg.  Joum.,**  1841,  and  in  his  "Anat.,  Physiol.,  and  Pathol.  Besearches ;*'  and 
the  Experimental  Inquiry  by  Mr.  Erichsen,  in  the  "  Edinb.  Med.  and  Snig.  Jonro.,** 
1845. 
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SO  much  of  ite  oxygen^  as  to  be  rendered  utterly  unfit  for  the  con- 
tinued muuitfluanca  of  the  aerating  process;  so  that  the  individual 
who  coiuiimas  to  reBpire  it,  aliortly  becomes  asphyxiated.  There  are 
several  well-known  eases,  in  which  the  sjieedy  deadi  of  a  number  of 
persona  coniinod  together  has  resultod  from  neglect  of  the  most  ordinary 
precautions  for  supplying  tliera  with  air.  That  of  the  *^  Black  Hole  of  ' 
Calcutta/*  which  occurred  in  175(1^  lias  acquired  an  unenviable  pre-emi- 
nence,  owing  to  the  very  large  profjortion  of  the  prisoners — 123  out  of 
146 — ^who  died  during  one  nights  confinement  in  a  room  18  feet  squarot 
only  provided  with  two  small  windows ;  and  it  is  a  remarkable  confirma- 
tion of  the  views  formerly  stated  (§  205),  and  presently  to  be  a^n 
adverted-to,  that  of  the  23  who  were  found  alive  ia  the  morning,  many 
were  subsequently  cut-oflE  by  '  putrid  fever.*  Such  tatasfcrophes  have 
occurred  even  in  this  coiuitry,  from  time  to  time,  though  usually  upon  a 
smaller  scale  \  there  has  happened  one  at  no  distant  date,  however,  whidi 
rivalled  it  in  mjignitude.  On  the  night  of  tl^e  first  of  December,  1848^ 
the  deck"ims3engera  on  hoard  the  Irish  steamer  Londonderry  were  ordered 
below  by  the  Captain,  on  account  of  the  stormy  character  of  the  weather ; 
and  although  they  were  crowded  into  a  cabin  far  too  small  for  their  ac- 
commodation, the  hatches  were  closed -down  upon  them.  The  conse- 
qtience  of  this  was,  that  out  of  150  individuals,  no  fewer  than  70  were 
Buffocateii  before  tlie  morning. 

30L  It  cannot  be  too  strongly  impressed  upon  the  Medical  prac- 
titioner, however,  and  tlirough  liira  upon  the  Public  in  general,  that  the 
continued  respiration  of  an  atmosphere  charged  in  a  far  inierior  degree 
with  the  exhalations  from  the  Lungs  and  Skin,  ia  among  the  moat  potent 
of  all  the  *  predisjxjsing  cauaea  *  of  disease,  and  especially  of  those  liffnotia 
diseases  whoae  propagation  seems  to  depend  upon  the  presence  of  fer* 
mentible  matter  in  the  blood.  That  such  is  really  the  fact,  will  appear 
from  evidence  to  be  presently  referred- to ;  and  it  is  not  difficult  to  find  a 
eomplete  and  satisfactory  explanation  of  It.  For,  as  the  presence  of 
even  a  small  percentage  of  Carbonic  acid  in  the  respired  air  ia  sufficient 
to  cause  a  aerious  diminution  in  the  amount  of  carbonic  acid  thrown -off 
and  of  oxygen  absorbed  {§  287),  it  follows  that  those  oxidating  proceasea 
which  minister  to  the  elimination  ofetFete  matter  from  the  system,  muat 
1^  imperfectly  peribrmetl,  und  that  an  accumidation  of  substances  tending 
to  putregcence  must  take  place  in  the  blood.  Hence  there  will  probably 
be  a  considerable  increase  in  the  amount  of  such  matters  in  the  pulmonary 
jmd  cutaneous  exlialation ;  and  the  unrenewed  air  wiU  become  charged, 
not  only  with  carbonic  acid,  but  also  with  organic  matter  in  a  state  of 
deeoni position^  and  will  thus  favour  the  accumulation  of  both  tlieao 
morbific  suhstancea  in  the  hloo<l,  instead  of  effecting  tliat  constant  and 
complete  removal  of  tliem,  which  it  is  one  of  the  chief  ends  of  the  respi- 
ratory process  to  accomplish. — It  has  been  customary  to  consider  the 
consequences  of  imperfect  respiration,  as  being  exerted  merely  in  pro- 
moting im  accumulation  of  Carbonic  acid  in  the  system,  and  in  thus 
depreaging  tlie  vitil  powers,  and  rendering  it  prone  to  tlie  attacks  of 
diseofie.  Rut  the  deficiency  of  Oxygenation,  and  the  consequent  increase 
of  putrescent  matter  in  the  body,  must  be  admitted  as  at  least  a  concur- 
rent agency ;  and  when  it  is  liorne  in  mind  that  the  atmosphere  in  which 
a  number  of  persons  have  been  confined  for  some  time^  becomes  actually 


EFFECTS  OF  RESPIRATION  OF  A   VITIATED   ATMOSPHERE.  305 

offensive  to  the  smell  in  consequence  of  the  accumulation  of  such  exhala- 
tions, and  that  (as  will  presently  appear)  this  accumulation  exerts  pre- 
cisely the  same  influence  upon  the  spread  of  zymotic  disease,  as  that 
which  is  afforded  by  the  diffusion  of  a  sewer-atmosphere  through  the 
respired  air,  it  scarcely  admits  of  reasonable  doubt,  that  the  pernicious 
effect  of  over-crowding  is  exerted  yet  more  through  its  tendency  to 
promote  putrescence  in  the  system,  than  through  the  obstruction  it 
creates  to  the  due  elimination  of  Carbonic  acid  from  the  blood.  For  it 
is  to  be  remembered,  that  whilst  the  complete  oxidation  of  the  effete 
matters  will  carry  them  off  by  the  lungs  in  the  form  of  Carbonic  acid 
and  water,  leaving  urea  and  other  highly-azotized  products  to  pass-off 
by  the  kidneys,  an  imperfect  oxidation  will  only  convert  them  into 
those  peculiarly  offensive  products  which  characterize  the  ^cal  excre- 
tion (§  104).*  The  views  here  expressed  have  received  a  remarkable 
confirmation  from  the  results  of  the  extensive  series  of  investigations 
undertaken  by  Pettenkofer  and  Voit,f  who  have  observed  that  no  dis- 
comfort was  experienced  from  long  exposure  to  an  atmosphere  containing 
10  parts  of  Carbonic  acid  in  1000  parts,  providing  this  had  been  added 
to  iJie  air  in  a  pure  state ;  but  if  the  same  quantity  were  present  as  a 
result  of  the  respiration  of  several  people,  serious  inconvenience  was 
soon  felt.  The  proportion  of  Carbonic  acid  present  in  the  air  of  large 
towns  has  been  examined  by  Dr.  RoscoeJ  and  by  Dr.  Angus  Smith.  § 
Dr.  Roscoe  found  the  usual  proportion  of  Carbonic  acid  in  the  air  of 
London  to  be  3*7  parts  in  10,000 ;  whilst  the  proportion  in  Manchester, 
according  to  Dr.  Smith,  was  12  parts  in  10,000  on  a  still  day,  and  from 
4-5  to  8  parts  in  10,000  on  a  windy  day.  From  experiments  made  with 
permanganate  of  potash,  he  ascertained  that  on  the  high  groimds  north  of 
^ianchester  there  existed  but  1  grain  of  organic  matter  in  200,000  cubic 
inches  of  air,  whilst  in  close  places  in  the  town  there  was  1  grain  in  8000 
cubic  inches.  The  air  of  sewers,  and  generally  air  loaded  with  organic 
matters,  has  an  alkaline  reaction,  from  the  presence  of  ammonia  and 
sulphuret  of  ammonimn. 

302.  Of  the  remarkable  tendency  of  the  Respiration  of  an  atmosphere 
charged  with  the  emanations  of  the  Human  body,  to  fevour  the  spread 
of  Zymotic  diseases,  a  few  characteristic  examples  will  now  be  given. — 
All  those  who  have  had  the  widest  opportimities  of  studjdng  the  con- 
ditions which  predispose  to  the  invasion  of  Cholera,  are  agreed  that  over- 
crowding is  among  the  most  potent  of  these ;  and  from  the  numerous 
.  cases  in  which  this  was  most  evident,  contained  in  the  "  Report  of  the 
General  Board  of  Health"  on  the  epidemic  of  1848-9,  the  two  following 
may  be  selected. — In  the  autumn  of  1849,  a  sudden  and  violent  outbreak 

*  It  is  a  remarkable  confirmation  of  Prof.  Liebig's  analogy  between  the  imperfect 
oxidation  of  effete  matters  within  the  body,  and  that  combustion  in  a  lamp  or  fnmace 
insuffidentlj  supplied  with  air  which  causes  a  deposit  of  soot  and  various  empyreumatic 
products,  that  a  set  of  acids  have  been  found  by  Stadeler  in  the  urine  of  the  cow,  bearing 
a  close  analogy  to  well-known  products  of  destructive  distillation,  and  one  of  them 
actually  identical  with  the  carbolic  acid  previously  known  as  one  of  the  ingredients  of 
smoke—See  Prof.  Gregory's  "  Handbook  of  Organic  Chemistry,"  p.  460. 

t  An  abstract  of  these  will  be  found  in  the  "Med.  Times  and  Gaz."  for  Nov.  1, 
1862,  p.  459. 

t  •* Quarterly  Journal  of  the  Chemical  Society,"  1867;  and  "Med.-Chir.  Review," 
1861,  p.  429. 

§  "On  the  Air  of  Towns,"  quoted  in  "Med.-Chir.  Rev.,"  1861,  vol.  ii.  p.  438. 
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of  CItolera  occurred  in  the  Workhouse  of  the  town  of  Tannton ;  no  case 
of  cholera  having  either  previously  existed,  or  suh&eqnently  preseutinj^ 
itself,  among  the  inhabitants  of  the  town  iu  general,  oJUiOUgh  diarrhoja 
was  prevalejit  to  a  considerable  extent*  The  building  was  aliogetlic?r 
badly  constructed,  and  the  ventilation  deficient;  but  this  waa  especially 
the  case  witli  the  ecbool*room3f  tliere  being  only  about  OH  cubic 
feet  of  air  for  ^ich  girl,  and  even  le&a  for  the  boys,  On  Nov.  3^  ooe 
of  tlie  iuniates  was  attacked  with  the  disease;  in  teo  minuteB  Irom 
the  time  of  the  seizure,  the  sufferer  passed  into  a  state  of  bopeless  Ci>U 
lapse ;  within  the  space  of  forty-eight  houra  from  the  first  attack*  42 
cases  and  19  deaths  took  place;  and  in  the  course  of  one  week*  (>0  of  the 
inmates,  or  nearly  22  per  cent  of  tlie  entire  number,  were  carried -oHi 
while  almost  every  one  of  the  survivors  suffered  more  or  less  severely 
from  cholera  or  diarrhi:Ea.  Among  the  fatal  cases  were  those  of  25  girlft 
and  9  boys;  and  the  comj^rative  immunity  of  the  latter*  not^rithstandifig 
the  yet  more  limited  dimensions  of  tlieir  school-room,  aifords  a  remark- 
able confirmation  of  the  general  doctrine  here  advanced ;  tor  we  learn 
that,  although  "good  and  obedient  in  other  respects,  they  could  not  be 
kept  &otn  breaking  the  windows,'*  bo  that  many  of  them  probably  owed 
their  lives  to  the  better  ventihition  thus  established.  Now  in  the  Gaol 
of  the  same  town,  in  which  every  priBoner  ia  allowed  from  819  to  935 
cubic  feet  of  air,  and  tlus  is  continually  beinjET  renewed  by  an  e0icient 
^Blem  of  ventilation,  there  was  not  the  slightest  indication  of  the 
epidemic  influeace.* — The  other  ciise  to  be  here  cited^  is  that  of  MiDlvink 
Prison,  in  which  the  good  effects  of  the  diminution  of  previous  over- 
crowding were  extremely  marked.  In  tlie  montli  of  July,  1841),  when 
the  epidemic  was  becoming  general  and  severe  in  the  Metropolis  (ea[ 
cially  in  those  low  lU -drained  parta  on  both  sides  of  the  river,  in  the  midat 
which  this  prison  is  situated),  the  number  of  male  prisoners  was  redi 
by  the  transfer  of  a  large  proportion  of  Uiem  to  Shomcliff  barrackm, 
1039  to  40ii ;  tlie  number  of  Jetnale  priaoners,  on  the  otlier  hand,  no! 
only  underwent  no  reduction,  but  waa  augmented  from  120  to  Hi  I 
Now  the  Cholera-mortality  of  London  generally,  which  was  0'9  per  1000 
in  June  and  July,  increased  to  4^5  per  1000  in  August  and  Septcnikicr ; 
and  the  mortality  among  the  fiviale  prisoners  underwent  a  similur 
increase  J  from  83  to  53^4  per  1000;  but  the  mortality  among  the  male 
prisoners  exhibited  the  extraordinary  diminuthn^  from  23*1  per  10(^0, 
which  was  its  rate  during  Juue  and  July  when  the  prison  was  crowdedj 
to  9*9  per  1000,  which  waa  its  rate  during  August  and  September  aJ 
the  reduction  had  taken  place, f  It  is  scarcely  possible  to  imagine  a 
more  pvobatwe  case  than  this ;  since  it  shows,  in  the  first  place,  tJie 
marked  influence  of  the  crowded  state  of  the  prison  upon  the  fatality  of 
the  disease, — secondly^  the  diminution  of  mortality  among  tlie  male 
prisoners,  consequent  upon  the  relief  of  t)je  overcrowding,  notwithstanding 
the  quintupling  of  the  general  mortality  of  the  Metropolis  during  tlie 
same  period, — and  tlHrclIy,  the  yet  greater  increase  of  mortality  anioitg 
the  female  prisoners,  which  proved  that  the  diminution  among  the  males 
could  not  be  attributed  to  any  recession  of  the  epidemic  influence  from 
the  locality. 
303.  The  cholera-experienee  of  the  Indian  array  is  fertile  in  examples 
•  Op,  ciL^  pp,  57  and  TL  f  Dp.  cat,  Ajjp.  b,  p.  67. 
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of  the  same  kind^  whose  peculiar  character  makes  them  even  more  re- 
markable. It  is  to  be  remembered  that  the  normal  amoimt  of  Respira- 
tion is  much  lower  in  a  hot,  than  in  a  temperate  climate  (§§  143,  287)  ; 
consequently,  any  deficiency  of  oxygenation  will  tend  in  a  yet  higher 
degree  to  promote  the  accumulation  of  putrescent  matter  in  the  system, 
and  this  especially  when  there  has  been  any  imusual  source  of  '  waste,' 
such  as  that  induced  by  excessive  muscular  exertion. — The  circumstances 
attendant  upon  the  outbreak  of  Cholera,  in  1846,  at  Kurrachee  in  Scinde, 
in  which  ten  per  cent  of  an  army  of  6380  men  were  carried-off,  place  the 
infiuence  of  ^ese  conditions  in  a  very  striking  point  of  view.  In  order 
that  the  comparison  may  be  fairly  made,  the  data  specified  in  the  follow- 
ing Table  will  be  taken  only  firom  European  r^ments,  similar  to  each 
other  in  diet,  clothing,  regimen,  habits,  and  every  other  conceivable 
particular,  save  such  as  will  be  mentioned  : — 


DMignation. 

Strengrth. 

Deaths. 

Deaths 
per  1000. 

Exposure  at 
Drill,  Ac. 

Provision 
for  Bespiration. 

Previoos 
ExerUon. 

Offioen*  Ladies . 

42 

0 

0 

NU 

Good 

NU. 

Offioera  .     .     . 

200 

8 

15 

Ordinary 

Mostly  g(iod 

NU  or  slight 

Hone  Brigade  . 

185 

5 

87 

Ordinary 

Good 

Moderate. 

60th  Rifles  .    . 

980 

75 

76-5 

Ordinary 

Bad 

NU. 

Artillery      .     . 

875 

87 

96-6 

Ordinary 

Good 

Severe. 

Bombay  Fusiliers 

764 

88 

108-6 

Ordinary 

Very  bad 

Nil. 

Soldiers' Wives. 

159 

28 

144-6 

NU 

Mostly  very  bad 

Partly  severe. 

Do.ofSethBegt. 

— 

— 

166-6 

Nil 

Very  bad 

Very  severe. 

SeUiBegimeiit. 

1091 

238 

218 

Ordinary 

Very  bad 

Very  severe. 

3746 

464 

124 

Now  most  of  the  Officers,  and  all  the  Ladies,  were  quartered  in 
well- ventilated  apartments ;  and  the  only  predisposing  cause  from  which 
the  former  could  be  considered  as  liable  to  suffer,  was  the  exposure,  in 
common  with  the  soldiers,  to  the  burning  heat  during  the  hours  of  drill. 
Of  the  9  officers  attacked  with  cholera,  of  whom  3  died  (only  one  of  the 
fatal  cases  being  an  uncomplicated  one),  4  belonged  to  die  Bombay 
Fusiliers,  and  had  been  living  (like  their  men)  in  tents.  The  Horse 
Brigade  were  lodged  in  good  barracks,  but  had  recently  come  off  a 
march  of  1000  miles;  being  mounted,  however,  they  must  have  suffered 
comparatively  little  fatigue  from  this.  The  GOth  Rifles  were  quartered 
in  barracks ;  but  the  ventilation  of  these  was  very  imperfect,  and  the  men 
were  much  crowded.  The  battalions  of  Artillery  were  quartered  in  good 
barracks;  but  three  out  of  the  four  had  recently  made  the  march  of  1000 
miles  on  foot.  The  Bombay  Fusiliers  were  quartered  in  tents,  whose 
accommodation  was  so  limited,  that  10  or  12  men  were  cooped-up  in  a 
space  14  feet  square,  with  the  thermometer  ranging  from  96°  to  100°,  and 
without  any  adequate  provision  for  ventilation.  The  86tli  Regiment  was 
quartered  in  precisely  the  same  manner ;  and  had  recently  made  the 
march  of  1000  mUes  imder  very  unfavourable  circumstances,  besides 
having  previously  suffered  from  the  debilitating  influence  of  severe 
service.  The  condition  of  tlie  Soldiers*  Wives  as  regards  their  accommo- 
dation would  be  the  same  as  that  of  their  husbands,  but  they  would  not 

X  2 


||08  OF  B£SPItUTl^K> 

he  subjected  to  tlie  fatigue  and  expoBure  of  drill ;  on  Uie  otiier  hand,  \hmT 
fatigue  and  exposure  during  ji  marcli  would  he  scarcely  inferior  to  that 
of  the  nieu  ;  and  it  was  among  tlie  women,  aa  among  the  soldiers,  of  th© 
8Gth  Hcgiment,  that  tho  chid*  mortality  occurred,  their  loss  having  h^en 
1  io  0,  or  1  G6^6  per  1000. — Thus  we  see  tlmt  the  highest  rate  of  mortality 
preaentfl  itself,  where  the  three  cxitises  were  in  concurrent  action ;  tJie 
ahsenee  of  mortality,  where  neither  of  thran  was  in  operation.  The 
difference  between  the  mortality  of  the  Bombay  Fusiliers  (108^6  per 
J  000)  and  that  of  the  8Cth  Regiment  (218  per  1000),  which  were  under 
prociflely  the  same  conditions  as  regards  expoHUre  and  ventilation, 
shows  the  extraordinary  in duence  oi*  previous  exertion;  but  that  tJiis 
would  not  of  itself  account  for  the  high  rate  of  mortidity  in  the  Sfitli,  ia 
shown  by  the  smaller  proix)nion  of  deaths  in  the  Artillerjs  the  ini!uenco 
of  the  same  march  upon  three  out  of  iti  four  l>attidioiis,  having  been  in  a 
great  degree  kept-down  by  the  adequate  provision  (kit  their  respiration, 
so  that  their  mortahty  was  less  tlian  that  of  the  liomhfij  Fusilier?,  who 
had  not  suffered  from  previous  exertion^  but  were  overcrovvde^l  in  ill- 
voutilaticd  tents. — It  is  scarcely  jxissible  to  imagine  any  more  satisfactory 
proof  of  the  pi'ctfcntibUitif  of  a  large  part  of  tliis  terrible  mortahty,  than 
is  afforded  by  the  analysis  of  this  case  \^  but  if  any  conhnnation  be 
reqiured,  it  is  afforded  by  the  case  of  Bellary,  a  fortress  ahont  250  miles 
north-west  of  Madras,  Although  by  no  means  unhealthily  sitiiated^ 
this  station  was  not  free  from  Cholera  for  a  single  year  between  181 J^ 
and  1844;  and  violent  outbreaks  took  place  occasionally,  such  as  tliat  of 
183Q,  in  which  the  39th  Hegimenfc  was  reduced  in  five  months  from  735 
men  to  645,  the  number  of  deatliH  being  1*0 ^  or  122|  per  1000.  Th© 
barrack -accommodation  in  this  fort  was  extremely  insufficient  for  the 
garrison  regularly  quartered  in  it;  yet  small  as  it  was,  it  was  occasionaJly 
encroached -upon  still  further  by  the  introduction  of  troops  upon  their 
march ;  and  aflcr  snch  occasions  of  special  overcrowding,  a  large  increase 
in  the  mortality  ahtiost  invariably  occtu-re^L  But  since  the  barrack- 
accommodation  has  been  improved,  tlie  troops  quartered  at  BelJary  ha%*e 
ceased  to  suffer  from  cholera  in  any  exceptional  degree,  and  the  ordinary 
rate  of  mortality  has  been  considerably  diminished, 

304,  The  only  condition  of  atmosphere  which  <^n  be  compared  with 
that  arising  from  overcrowding,  in  its  effect  npon  the  spread  of  Cholera, 
is  that  produced  by  tlie  diffusion  of  tlie  effluvia  of  drains,  sewers, 
filanghter-houses,  manure-manufactories,  &c,,  which  correspond  closely  in 
their  nature  aiid  effects  with  the  putrescent  enja nations  from  tlie  living 
llmnan  body*  So  remarkably  has  tlie  localization  of  the  tllt^ise  shown 
itself  to  be  connected  with  tliis  condition,  that  the  knowledge  of  the 
existence  of  the  latter  makes  it  safe  to  predict  the  fonner;  snch  a  prediction 
!>eing  scarcely  ever  falsified  by  the  result*^ — As  a  characteristic  illustra- 
tion of  the  operation  of  this  canse,  tho  outbreiUv  of  Cholera  at  Albion - 
t(*rnic^,  Wandsworth -road,  in  1849,  maybe  specially  referred -to.  This 
place  consisteii  of  17  houses,  having  the  appearance  of  comraodioua  middle 
class  dwellings;  the  popidatlon  does  not  seem  to  have  aveniged  more 
than  7  individiiab  per  house,  so  that  tlicre  was  no  overcrowding ;  yet 
out  of  the  total  119  or  120,  no  fewer  tlian  42  persons  were  attacked 

*  Par  a  fuller  fitatemtnL  of  it,  we  the  "Brit,  aad  For.  Me^,-Cl4ir,  Bev.^'*  ¥oL  ii. 
pp.  81-BP* 
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with  cholera,  of  whom  30  (or  25  per  cent)  died.  It  was  not  difficult  to 
account  for  this  fearful  result,  when  the  circumstances  of  the  case  were 
inquired-into.  About  200  yards  in  the  rear  of  the  terrace  was  an  open 
sewer,  whose  effluvia  were  most  offensive  at  the  backs  of  these  houses, 
whenever  the  wind  wafted  them  in  that  direction ;  and  the  drainage  of 
the  houses  themselves  was  so  bad,  that  a  stench  was  continually  per- 
ceived to  arise  from  different  parts  of  the  kitchen-floor,  and  more  espe- 
cially from  the  back-kitchen.  Moreover,  in  the  house  in  which  the 
first  case  of  cholera  occurred,  there  was  an  enormous  accumulation  of 
most  offensive  rubbish,  exhaling  a  putrid  effluvium.  And  there  was 
also  reason  to  believe,  that  the  water  supplied  to  some  of  the  houses  had 
accidentally  become  contaminated  with  tlie  contents  of  a  sewer  and  cess- 
pool.*— The  accumulation  of  night-soil  and  other  rubbish  in  a  triangular 
space  of  about  three  acres  in  Witham,  a  suburb  of  Hull,  had  been  repre- 
sented to  the  local  authorities  as  almost  certain  to  induce  a  severe  out- 
break of  cholera  in  the  neighbourhood ;  the  prediction  was  disregarded ; 
but  it  was  most  fearfully  verified  by  the  occurrence  of  no  fewer  than 
91  deaths  in  its  immediate  neighbourhood. f — Numerous  examples  of 
the  same  kind  might  be  cited ;  but  the  following  shows  the  efficacy  of 
preventive  measures.  The  Coldbath-fields  House  of  Correction,  situated 
in  the  neighbourhood  of  some  of  the  most  overcrowded  and  ill-drained 
parts  of  the  metropolis,  had  suffered  severely  from  Cholera  in  the 
epidemic  of  1832-3;  for  out  of  1148  prisoners,  207  were  attacked  with 
cholera,  of  whom  45  died,  and  319  more  suffered  from  diarrhoea.  At 
that  period,  however,  it  was  discovered  that  the  whole  drainage  of  the 
prison  was  in  a  most  defective  state,  and  steps  were  taken  to  have  it 
completely  and  effectually  renewed;  at  the  same  time  the  diet  was 
somewhat  improved,  and  more  attention  was  paid  to  temperature  and 
ventilation.  In  the  epidemic  of  1848-9,  with  1100  prisoners,  there  was 
not  a  single  case  of  cholera  in  this  prison,  although  the  disease  was  raging 
in  its  vicinity ;  and  the  cases  of  diarrhoea  were  few  in  number,  and  were 
mild  in  their  character.;^ 

305.  The  Cholera-experience  of  the  United  States,  during  the  Epi- 
demic of  1 849-50,  §  afforded  some  of  the  most  striking  examples  that  have 
been  anywhere  displayed,  both  of  the  dire  effects  of  neglect,  and  of  the 
complete  efficacy  of  preventive  measures.  The  contrast  is  well  shown  in 
the  manner  in  which  the  epidemic  affected  the  town  of  Louisville,  in 
Kentucky ;  which  is  situated  by  the  Ohio  river,  on  a  plateau  about 
70  feet  above  low-water-mark,  composed  of  sand  and  river-gravel,  inter- 
mingled with  tenacious  clay,  and  reposing  on  a  friable  shale.  Tliis  com- 
pound is  peculiarly  tenacious  of  moisture;  and  large  ponds  formerly 
existed,  in  the  midst  of  which  the  first  houses  were  built.  While  this 
state  of  things  continued,  Louisville  was  one  of  the  most  sickly  towns 
in  the  Mississippi  valley,  and  was  commonly  tenned  '^  the  graveyard  of 
the  West."  Intermittent  fever  was  a  regidar  visitant ;  and  epidemica 
of  fever  of  other  types  frequently  raged  with  great  severity.     Thus,  in 

*  "  Report  of  the  Genend  Board  of  Health  on  the  Epidemic  Cholera  of  1848-9,"  p.  48. 

t  Op.  ciL,  p.  45.  ^  Op.  cit.,  App.  b,  p.  68. 

§  See  the  'Abstract  of  Beport  by  James  Wynne,  M.D.,  on  Epidemic  Cholera,  as  it 
prevailed  in  the  United  States  in  1849  and  1850  ;*  constituting  "Appendix  o  to  the  Keport 
of  the  General  Board  of  Health  on  the  Epidemic  Cholera  of  1848-9." 


310 


OF  nE&PmATlOH. 


the  mimTner  of  1822,  ajlar  a  hot  mioj  fimsoD,  282  pciTsana  died  of  bilionfl 
lever,  out  of  a  pi>ptiJation  of  about  60110  ;  in  a  faniilj  conmBting  of  20 
persons,  1^  were  sick  at  one  tiniej  and  in  Bome  families  erery  individual 
died.  At  this  period,  odIj  one  street  in  Louisvillo  was  paved;  and  within 
itfi  limits  were  at  least  eight  ponda  of  greater  or  less  dimenBione,  most  of 
winch,  in  the  course  of  the  autumn,  were  dried-up,  expoiing  tbul  bottoms 
to  the  itm.  Previously  to  the  Cholera- epideioiG  of  1332-3,  iti  condition 
had  been  somewhat  improved;  still  the  principal  part  of  the  town  iufiered 
severely.  Much  more,  however,  has  been  subaeqnently  effected ;  so  that 
from  being  reputed  one  of  the  mont  unhealthy  towns  in  tlie  west^  Louis- 
ville has  come  to  be  esteemed  one  of  tJie  most  befiithy  :  at  tlie  same  time 
its  population  has  increased  £rom  10,000  in  1830,  to  50,000  in  1850* 
Entire  squares  are  now  pointed -on  tj  which  occupy  the  beds  of  ponds  once 
large  and  deep  enough  to  iloat  a  steamboat,  Still  much  of  the  lower 
part  of  the  city  is  in  a  very  ibul  condition ;  the  groimd  on  which  it  is 
built  being  saturated  with  water  to  a  considerable  depth  after  heavy 
rains,  and  being  also  the  receptacle  of  the  filthy  wasliings  of  the  more 
elevated  portion ;  besides  having  many  nmsanees  of  its  own,  especially 
accumulations  of  decaying  hemp- offal.  It  was  in  this  part  that  Cholera 
first  made  its  app^uiantse  in  1849,  in  the  identical  square  in  wliich  the 
earliest  cases  had  appeared  in  1832;  and  to  this  part  it  was  almost 
entirely  restricted^  **  Tho^'ns  placea  in  I^msvUkj*^  eays  the  liledical 
Kejiorter,  "which  bore  the  brttnt  of  the  Cholera  in  1833,  and  which  have 
been  improved  so  as  to  be  drt/,  cleaUj  and  airy^  have  been  as  free  from 
Cholera  as  from  the  oriental  plag^ue.  But  (hose  places  in  this  citt/  which 
were  scour(/ed  in  1833,  and  which  rejnaiu  noiD  in  the  state  thet/  were  iu 
then^  have  been  scourfjtd  again  in  1849-50.^* 

306,  A  yet  more  remarkable  contrast  is  presented  by  the  comparative 
exjierience  of  the  City  and  of  the  Almshouse  of  Baltimore,  During  the 
spring  of  1549,  when,  from  the  prevalence  of  Gholem  in  the  great  towns 
to  the  north,  it  appeared  next  to  certain  that  the  epidemic  would  visit 
Baltimore,  not  only  its  public  authorities,  but  its  citizens  generally,  eaterted 
themselves  with  commendable  ^eal  to  ward-off  its  severity  by  active 
measures  of  sanitaiy  purification.  Although  in  many  respects  superior  to 
the  average  of  large  towns,  Baltimore  was  by  no  means  free  from  those 
collections  of  filth  invariably  found  to  a  greater  or  less  ertent  among  the 
most  degraded  portion  of  their  population;  and  of  the  evil  results  of  these, 
the  constant  presence  of  typhoid  fever,  among  the  miserable  coloured 
inhabitants  of  its  worst  locahties,  had  long  fiirnialied  a  standing  proof. 
During  the  summer  months^  when  the  city  was  completely  surrounded  by 
ihe  Choleraic  atmosp*here,  dlarrhcBa  ^d  kindred  affections  became  very 
prevalent  in  Baltimore;  and  Dr,  Wynne  fixrther  mentions,  as  of  universal 
occurrence  in  those  who  had  not  a  positive  attack  of  diarrhcsa,  **  an  unde- 
finable  sense  of  oppression,  not  amounting  to  pain,  over  the  whole  r^on 
of  the  abdomen,  reminding  a  person  constantly  of  the  existence  of  such  a 
part  of  tlie  body."  This  state  of  things  impressed  the  Medical  authorities 
witli  the  belief  that  the  Cholera -poison  w^as  brooding  over  the  town,  and 
that  an  outbreak  nuglit  lie  continually  expected.  Yet  it  entirely  passed 
away  J  without  giving  rise  to  more  ih^r\four  attacks  of  genuine  Cholera  ; 
two  of  thefle  being  in  the  persons  of  Germans^  who  occupied  a  wretched 
tenement  in  a  very  filthy  condition  5  tlie  third  case  being  that  of  a  man, 
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whose  sleeping  apartment  looked-out  upon  an  alley  which  had  been  suf- 
fered to  remain  in  a  very  foul  state;  whilst  the  fbiurth,  which  occurred  in 
the  largest  and  most  fashionable  hotel  in  the  city,  was  obviously  an  im> 
ported  case. — ^Yet,  as  if  for  the  very  purpose  of  demonstrating  that  the 
immimity  which  the  city  itself  enjoyed,  was  entirely  due  to  the  sanitary 
precautions  which  its  inhabitants  had  so  wisely  taken,  a  fearful  outbreak 
of  Cholera  took  place  in  the  Almshouse,  only  two  miles  out  of  town,  which 
proved  &tal  to  99  persons  out  of  a  population  of  632,  or  nearly  one  in  six; 
and  it  was  only  kept  within  this  limit,  by  the  promptness  with  which  the 
sources  of  this  terrible  mortality  were  removed,  when  once  they  had  been 
discovered. 

307.  The  circimistances  of  this  outbreak  were  so  pecidiar  as  to  need  a 
somewhat  detailed  description. — The  main  building  of  the  Almshouse  was 
originally  the  country  seat  of  a  wealthy  citizen,  who  erected  a  costly  man- 
sion on  an  elevated  site  which  he  had  specially  chosen  for  its  beauty  and 
healthfulness ;  it  had  subsequently  been  much  enlarged,  for  the  accommo- 
dation of  its  six  or  seven  hundred  inmates ;  but  it  still  remained  entirely 
isolated,  being  surrounded  by  a  farm  of  200  acres,  for  the  most  part 
devoted  to  cultivation.  From  the  original  centre,  two  principal  wings 
extended  on  either  side,  one  for  the  male  and  the  other  for  die  female 
side,  forming  an  extensive  range  Of  building,  whose  front  had  a  southern 
aspect,  whilst  the  back  looked  towards  the  north.  Behind  this  were  other 
wings  running  north  and  south,  with  various  offices,  spread  over  an  area 
of  about  4  J  acres,  which  was  enclosed  by  a  vrall.  Like  the  city  itself,  the 
Almshouse  had  received  a  thorough  purification,  under  the  superinten- 
dence of  the  visiting  physician ;  whose  directions,  as  regarded  ventilation 
and  internal  cleanliness,  seem  to  have  been  strictly  complied  with. 
Nevertheless  an  unequivocal  case  of  Cholera  presented  itself  on  July  1st, 
another  on  July  7th,  four  more  during  the  ensuing  week,  and  on  July 
14th  thirteen  of  the  inmates  were  attacked  at  once.  All  the  patients  were 
old  inhabitants  of  the  establishment,  and  had  imequivocally  contracted  the 
disease  on  the  spot ;  but  although  fully  impressed  with  the  conviction 
that  some  special  cause  must  eidst  for  this  rapidly-increasing  mortality, 
the  visiting  physician  did  not  succeed  in  detecting  it  until  the  19th,  when 
he  extended  his  survey,  for  the  first  time,  beyond  the  enclosure.  He 
then  discovered  that  die  whole  triangular  space  included  between  its 
posterior  boimdary-wall,  and  a  ravine  which  approached  within  nine  feet 
of  its  western  angle,  but  which  was  separated  firom  its  eastern  angle  by 
an  interval  of  about  seventy  feet,  was  one  putrid  and  pestilential  mass, 
capable  of  generating,  imder  the  ardent  rays  of  a  midsummer  sun,  the 
most  poisonous  emanations;  for  although  the  ravine  was  admirably 
adapted  to  carry-off  the  drainage  of  the  establishment,  this  had  never  been 
properly  conducted  into  it ;  the  overflowings  of  cesspools,  pigsties,  &c., 
having  been  allowed  to  spread  themselves  over  the  intervening  area, 
which  they  kept,  of  course,  in  a  state  of  constant  pollution,  superficially 
concealed  by  a  rank  weedy  vegetation.  Some  difficulty  was  experienced 
in  procuring  men  to  remove  this  nuisance,  so  that  it  remained  untouched 
till  the  23rd.  The  pools  of  filth  were  then  drained  by  trenches  into  the 
ravine,  and  were  washed-out  by  a  stream  of  firesh  water;  lime  was  spread 
over  the  whole  surfiice ;  and  this  again  was  covered  with  a  thick  layer  of 
earth.    The  men  employed  in  this  work  were  attacked  with  Cholera,  but 
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recoyered.  The  day  after  it  wtu  compUtcd,  tlie  Dumber  of  cases  hi  the 
AlnjshoiiBe  sinldenly  drojsped  ironi  ekven  to  three ;  and  witlim  a  ihrt- 
iiiglit  more,  the  disease  had  entirely  disiippearech- — But  this  is  by  no 
means  all.  The  attiickts  of  Cholera  were  far  from  being  uniformly  diatri- 
buted  di rough  the  building,  hut  were  almost  exclusively  restricted  to 
those  piirts  of  it  which  were  directly  exposed  to  the  emanations  conveyed 
from  thia  jjestileiitial  spit,  by  tiw  nortlierly  iviiid  which  blew  ateadilj 
during  tlie  wliole  time  of  tlie  prevalence  of  tlie  disease,  Tlius,  in  the 
centre  budding,  tlie  Manager,  who  slept  in  a  rootn  looking  to  the  norths 
was  attaekedf  but  recovered ;  among  hi^  lamily,  whose  rooiiia  looked  to 
the  souths  BO  cage  of  the  disease  occurred.  Four  medjcai  students  who 
occupied  rooms  beneath  tliat  of  tlje  Manager,  and  with  the  same  exixjfim'e, 
were  attacked,  but  recovered ;  ibiir  othcrSj  lodged  in  similar  rooms  with 
a  southern  exposm^,  entirely  escaped.  The  ajx>the(^ry  and  coach -driver, 
who  occupied  rooms  in  the  men* a  wing  witli  windows  openhig  to  the 
north  J  were  both  attacked,  but  both  recovered*  Among  the  f^uf»er  in^ 
mates  of  the  wings,  those  generally  were  seized  who  slept  in  the  northern 
wards;  and  it  was  observable  that  the  vobX^  side  suffered  generally  much 
more  severely  iJian  the  female, — ^a  diifererice  not  attributable  to  anything 
in  the  building  or  its  inhabitants,  btit  at  once  explained  by  tJ^e  fact,  that 
whilst  no  barrier  existed  between  the  male  side  and  the  putri<l  marsli,  the 
female  wing  was  protected  from  the  pestilential  current  by  tliree  inter- 
vening rows  of  trees.*  On  the  female  side,  however,  a  building  ran  in  a 
north  and  south  direction^  of  which  the  lower  storey  had  a  door  in  the 
north,  opening  quite  near  the  putrid  marsh,  whikt  the  upper  storeys  had 
only  a  blank  wall  at  thla  end ;  tiiis  lower  storey  wiis  teimnted  by  seven- 
t€€a  hitmficd^  alt  of  whom  tvere  attacked  with  Chokntf  and  all  dted^ 
whilst  not  a  single  attack  of  Cholera  took  place  :m)Ong  the  inmates  of  its 
upper  storeys*  And  in  addition,  it  wjis  noticed  tJiat  the  removal  of  the 
Cholera  patients  to  the  ward  above  the  black  people^s  hospital,  w^here  the 
miasmatic  influence  was  entirely  unobstructed,  was  attended  ^vitli  a 
marked  aggravation  of  their  malady. 

308.  Now  although  the  Cholera-epidemics  have  been  here  rderred-to, 
as  a^brding  the  most  remarkaljle  e^camples  of  the  iidlnence  of  a  contami- 
nated atmosphere  in  predisposing  the  individuals  habituajly  living  ui  it  to 
the  in\^aaion  of  Zymotic  disease,  yet  die  evidence  is  not  less  stroug  in 
regard  to  the  miiibrm  prevalence  of  ordinary  Pevers,  <Jtc,y  in  the  same 
localities  \  the  places  in  which  Cholera  was  the  most  severe,  having  been 
ilmust  invariably  known  as  *  fever-nests'  in  other  periods,  and  being  dis- 
tingiiislied  by  a  very  high  rate  ol'  mortality,  Thus  the  avenige  age  of  all 
persons  who  die  in  With  am  is  only  IW  years;  ivhilst  the  average  nge  at 
deatli  in  tlie  town  of  Hull  (itself  diatinguifihed  by  an  unusual  brevity  of 
life)  is  23  yea.rs. — In  tJie  ^  Potteries'  at  Kensington,  a  locality  in  which 
filth  and  overcrowding  prevail  to  an  almost  unequalled  degree,  the  mor- 
tality for  three  years  previously  to  the  iavasion  of  Cholera  had  been  such 

*  Thes£  probably  &0ted  not  morel j  meobaoically,  bj  obsfcrnctbg  tbe  oiureiit,  but  alaa 
^^tiemicallj  ly  d^compuaing  (ir  oxidatiDg  tbe  noiluiiii  etn&Daiiciiis.  For  it  bas  been  frf- 
itai^iitljr  rcm&rkedt  thuta  ttcreea  ur  belt  of  umbing^us  treea  eStictually  aeotiretf  tbe  dweilerft 
uii  tbe  bonit'i^  fHiLJ  evmi  oa  tb^  leowaxd  dde,  of  tbe  iqdbI  peaiiftraua  loArabeB,  from  tbo 
effMelA  uf  tbtfir  ajnliuia.  Huw  feir  Ibey  liav«  tbe  i^uoe  ialiueace  on  antmof  eMuvio,  we 
ure  not  jet  in  a  poAiUuii  to  atate. 
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that  the  average  age  at  death  was  only  11  yrs.  7  mo. ;  and  in  iiiejirat  ten 
months  of  1849,  out  of  a  population  of  about  1000,  there  were  50  deaths, 
of  which  21  were  from  cholera  and  diarrhoea,  and  29  from  typhus  fever 
and  other  diseases.  It  is  illustrative  of  the  common  points  between  cholera 
and  other  zymotic  diseases,  that  the  former  appeared  there  not  only  in 
the  same  streets  and  in  the  same  houses,  but  even  in  the  same  rooms,  which 
had  been  again  and  again  visited  by  typhus ;  and  there  were  several 
tenants  of  such  rooms,  who  only  recovered  from  fever  in  the  spring,  to  &11 
victims  to  cholera  in  the  summer.  Subsequently  to  this  epidemic,  the 
average  age  at  death  has  been  frirther  reduced,  by  an  increase  of  infantile 
mortality,  to  as  low  as  10  years. — By  way  of  contrast,  it  may  be  stated 
that  in  one  of  the  "  Model  Lodging-Houses,"  containing  about  550  in- 
mates, among  whom  was  an  imusuaUy  large  proportion  of  children,  the 
rate  of  mortality  during  the  three  years  ending  May,  1851  (including  the 
whole  period  of  the  cholera-epidemic),  was  scarcely  more  than  20  in  1000; 
the  proportion  of  deaths  under  ten  years  of  age  was  only  half  that  of  the 
metropolis  in  general ;  there  was  not  a  single  attack  of  cholera,  and  tiiere 
were  only  a  iew  cases  of  choleraic  diarrhoea,  although  the  disease  was 
raging  in  the  immediate  vicinity ;  and  from  the  time  that  the  sewerage 
had  been  put  into  complete  order,  typhus  fever  had  entirely  disappeared, 
a  few  cases  having  occurred  soon  after  the  opening  of  the  buildings,  which 
were  distinctly  traceable  to  a  defect  in  the  drainage.* — The  following  case 
may  be  added,  in  proof  of  the  potency  of  an  atmosphere  charged  with 
putrescent  emanations,  in  rendering  the  system  liable  to  the  attacks  of 
Zymotic  diseases  of  various  kinds.  A  manufactory  of  artificial  manure 
formerly  existed  immediately  opposite  Christchurch  workhouse,  Spital- 
fields,  which  building  was  occupied  by  about  400  children,  with  a  few 
adult  paupers.  Whenever  the  works  were  actively  carried-on,  particu- 
larly when  the  wind  blew  in  the  direction  of  the  house,  there  were  pro- 
duced numerous  cases  of  fever,  of  an  intractable  and  typhoid  form ;  a 
typhoid  tendency  was  also  observable  in  measles,  small-pox,  and  other 
infantile  diseases,  and  for  some  time  there  prevailed  a  most  immanageable 
and  fatal  form  of  aphthae  of  the  mouth,  ending  in  gangrene.  From  this 
last  cause  alone,  12  deaths  took  place  among  the  infants  in  three  months. 
In  the  month  of  December,  1848,  when  cholera  had  already  occurred  in 
the  neighbourhood,  60  of  the  children  in  the  workhouse  were  suddenly 
seized  with  violent  diarrhoea  in  the  early  morning.  The  proprietor  was 
compelled  to  close  his  establishment,  and  the  children  returned  to  their 
ordinary  health.  Five  months  afterwards,  the  works  were  recommenced; 
in  a  day  or  two  subsequently,  the  wind  blowing  from  the  manufactory, 
a  most  powerful  stench  pervaded  the  building.  In  the  night  following, 
45  of  the  boys,  whose  dormitories  directly  laced  the  manufactory,  were 
again  suddenly  seized  with  severe  diarrhoea ;  whilst  the  girls,  whose  dor- 
mitories were  in  a  more  distant  part,  and  faced  in  another  direction, 
escaped.  The  manufactory  having  been  again  suppressed,  there  was  no 
subsequent  return  of  diarrhoea,  f 

309.  It  may  not  be  amiss  to  add  a  few  examples  drawn  from  the 

•  Op.  cit.,  App.  B,  pp.  48  and  77  ;  and  Mr.  Grainger's  sabaequent  **  Report  on 
the  present  state  of  certain  parts  of  the  Metropolis,  and  on  the  Model  Lodging-HooMB 
of  London,"  pp.  21),  86. 

t  **  iieport  of  the  Board  of  Health  on  Cholera,  1848-9,"  p.  42. 
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experience  which  om  Indian  possessions  have  afforded j  of  the  influence 
of  an  insufficient  supply  of  pure  air  upon  tlie  oT^inari/  mortalitif  in  our 
amiy  and  among  the  people  under  our  controL — There  are  vurioui 
military  atationB,  which  have  kin  under  a  most  ill»deaerved  repute  for 
unheal thineas,  in  consequence  of  the  very  imperfect  barrack-accommoda- 
tion  aflTorded  to  the  troops  quartered  in  them.  Thus  at  Secunderaliad, 
in  the  Madras  command,  Uie  average  annual  mortality  for  the  fifteen 
years  previous  to  1 846-7 j  was  75  j)er  IQOO ;  this  being  nearli/  doubk  the 
average  of  the  whole  presidency,  and  more  than  doithle  tliat  of  the 
remainder  of  the  stations,  'Now  ihe  complaints  made  year  after  year^  by 
the  medical  offitjers  of  the  troops  which  have  been  suceesaively  c[uartered 
at  this  station,  leave  no  room  for  doubt  as  to  the  chief  cause  of  this 
excess;  for  the  regiments  of  tlie  Line  quartered  at  Secunderabad  have 
been  always  crowded  in  barracks  quite  insufficient  for  their  acconuiio<la- 
tion,  one-third  of  tlie  men  having  been  obliged  to  sleep  in  the  verandahs, 
and  the  remainder  getting  by  no  means  a  due  allowance  of  &esh  air ; 
whilst,  on  the  other  hand,  the  Officers  of  these  very  regiments^  who  are 
better  accommodated,  and  the  detachment  of  Artillery  quartered  in  more 
roomy  barracks  at  no  great  distance,  have  never  participated  in  this 
unusual  moitahty,  thereby  clearly  abowing  the  absence  of  any  special 
causes  of  disease  at  this  station,  which  might  not  be  easily  removed. *— 
The  Barrmckpore  station,  in  the  Bengal  command,  is  even  worse  than  the 
foregoing;  for  every  regiment  quartered  there,  seem  a  to  suifer  an  almost 
complete  flecimntwn  annually.  Yet  there  is  am]jle  evidence,  that  here 
also  the  chief  iiiult  Hes  in  the  barrack -accommodation. — But  one  of  the 
most  terrible  iiistances  of  the  continuance  of  a  high  rate  of  mortality, 
which  is  almost  entirely  attributable  to  an  insufficient  supply  of  air,  is  that 
which  is  furnished  by  tlie  Gaok  under  British  control  in  India,  In  these 
are  usually  confined  no  fewer  than  40,000  prisoner^  chieiy  natives ;  and 
the  averi^e  annual  mortality  of  die  whole  was  recently  10  per  cent, 
rising  in  fiome  cases  to  26  per  cent,  or  more  than  one  in/oyr.  This  is 
easily  accounted- for,  %vhen  it  is  known  that  in  no  case  is  there  an  allow- 
ance of  more  than  30Q  cubic  feet  of  air-space  for  each  individual,  whilst 
in  some  instances  70  cubic  feet  is  the  miserable  average  If 

310.  One  more  set  of  cases  will  be  cited,  as  shovving  the  marked  effect 
of  the  habitual  respiration  of  a  contaminated  atmosphere,  not  njerely  in 
engendering  a  liability  to  zymotic  disease,  but  in  directly  producing  a 
special  form  of  infantile  s|>asmodic  disease,  of  the  most  fearful  nature. — 
The  dwelling  of  the  great  bulk  of  tlie  population  of  Iceland  seem  aa  if 
constructed  ibr  the  express  purpose  of  poisoning  the  air  which  they  con* 
tain.     They  are  small  and  low,  without  any  direct  provision  for  ventila* 

*  It  in  ft  femorkable  oonSTmstiuii  of  the  Tiew  formerly  ststed  (§  5i),  ai  (o  tbe  t^a- 
deocy  of  the  habittJBl  use  of  Alcukolic  liquora  to  indnce  &  *  fermentible*  conditioti  of  the 
bt<)od,  bj  obsttuctiug  tbo  eliminatiuQ  of  llie  effete  mattcrfi  by  tbe  r^piratury  proceM, 
that  when  tbe  S4tb  Eegt-,  which  is  difltinguiBhed  fur  its  iobriety^  wasj  quartered  At 
6«ci]iideraba4]  m  1817-8^  it  lost  only  Sd  men  out  of  llSO,  or  S4-2  |>er  IDOO,  tlie  A?enig« 
mortality  of  the  other  stations  in  the  Prsflidftocy  being  tiboat  the  aanie  aa  uao&l.  Qa.  Ibe 
other  b^iid^  the  63rd  R^gL,  which  ^ah  far  fniin  d^rviiig  a  reputAlion  fur  temper&D^^ 
hiul  loiit  73  mea  duriog  the  first  nioe  months  of  the  preceding  yeiU",  or  at  the  rate  of 
7S  '8  per  1  CK)Q  during  the  entire  year.— A  LI  tbe  facU  here  stated  lu  legaid  to  Secundgnbad 
bsve  been  obtoii^ed  by  tbe  Author  direct  fr^ni  tbi^  Artoy  Medbal  £etiim&. 

t  Dr.  Uackiuiion'B  *'  Treatise  o£i  the  Public  lieAlth,  k0*,  of  Benfftl,"  Cawspi^re,  1S4&, 
chap.  i. 
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tion,  the  door  serving  alike  as  window  and  chimney ;  the  walls  and  roof 
let-in  the  rain,  which  the  floor,  chiefly  composed  of  hardened  sheep-dmig, 
sucks-up ;  the  same  room  generally  serves  for  all  the  uses  of  the  whole 
fiunily,  and  not  only  for  the  human  part  of  it,  but  frequently  also  for  the 
sheep,  which  are  thus  housed  during  the  severer  part  of  the  winter.    The 
fiiel  employed  in  the  country  districts  chiefly  consists  of  cow-dung  and 
sheep-dung,  caked  and  dried ;  and  near  the  sea-coast,  of  the  bones  and 
refuse  of  fish  and  sea-fowl ;  producing  a  stench,  which,  to  those  imaccus- 
tomed  to  it,  is  completely  insupportable.     In  addition  to  this,  it  may  be 
mentioned  that  the  people  are  noted  for  their  extreme  want  of  personal 
cleanliness ;  the  same  garments  (chiefly  of  black  flannel)  being  worn  for 
months  without  being  even  taken-ofl*  at  night.     Such  an  assemblage  of 
un&vourable  conditions,  combined  with  the  cold  damp  nature  of  the 
climate,  might  have  been  expected  to  induce  tubercular  diseases  of  various 
kinds ;  but  from  these  the  Icelanders  appear  to  enjoy  a  special  exemption 
(§  46,  III.).    Syphilis,  also,  is  wanting,  or  nearly  so ;  and  yet,  notwith- 
standing that  the  number  of  births  is  fully  equal  to  the  usual  average, 
the  population  is  stationary,  and  in  some  parts  actually  diminishing. 
This  is  partly  due  to  the  extent  and  fatality  of  the  epidemic  diseases,  of 
which  some  one  or  other  spreads  through  the  island  nearly  every  year ; 
but  it  is  chiefly  owing  to  the  extraordinary  mortality  of  infants  from 
Trismus  nascentium,  which  carries-ofl*  a  large  proportion  of  them  between 
the  fifth  and  the  twelfl;h  days  afl;er  their  birth.     It  is  in  the  little  island 
of  Westmannoe  and  the  opposite  parts  of  the  coast  of  Iceland,  where  the 
bird-fuel  is  used  all  the  year  round,  instead  of  (as  elsewhere)  during  a 
few  months  only,  that  this  disease  is  most  fatal ;  the  average  mortality 
for  the  last  twenty  years,  during  the  first  twelve  days  of  infantile  life, 
being  no  less  than  64  per  cent,  or  nearly  two  out  of  three.* — Now  it  is 
not  a  little  remarkable  t3iat  the  very  same  disease  should  have  prevailed, 
under  conditions  almost  identically  the  same,  in  the  island  of  St.  Kilda, 
one  of  the  Western  Hebrides ;  the  state  of  which  was  made  known  by 
Mr.  Maclean,  who  visited  it  in  1838.    The  population  of  this  island,  too, 
was  diminishing  rather  than  increasing,  in  consequence  of  the  enormous 
in&ntile  mortality;  four  out  of  every  Jive  dying,  fr^m  Trismus  nascen- 
tium,  between  the  eighth  and  twelfth  days  of  their  existence.     The  great 
if  not  the  only  cause  of  this  mortality,  was  the  contamination  of  the 
atmosphere  by  the  filth  amidst  which  the  people  lived.     Their  huts,  like 
those  of  the  Icelanders,  were  small,  low-roofed,  and  without  windows ; 
and  were  used  during  the  winter  as  stores  for  the  collection  of  manure, 
which  was  carefully  laid-out  upon  the  floor,  and  trodden  under  foot  to 
the  depth  of  several  feet.     On  ^e  other  hand,  the  clergyman,  who  lived 
exactly  as  did  those  around  him,  except  as  to  the  condition  of  his  house, 
had  brought-up  a  family  of  four  children  in  perfect  health ;  whereas, 
according  to  the  average  mortality  around  him,  at  least  three  out  of  the 
four  would  have  been  dead  within  the  first  fortnight. — Of  the  degree  in 
which  this  fearful  disease  is  dependent  upon  impurity  of  the  atmosphere, 
and  is  preventible  by  adequate  ventilation,  abimdant  proof  is  aflbrded  by 
the  experience  of  Hospitals  and  Workhouses  in  our  own  country.     Thus 
in  the  Dublin  Lying-in  Hospital,  up  to  the  year  1782,  the  mortality 

•  See  "  Island  oDdereogt  fni  I^gevidenskabeligt  Synspanct**    Af  P.  /L  SchleiBner, 
M.D.— Copenliagen,  1849. 
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wltliin  the  first  fortniglitj  almost  entirely  from  Trimxuj  naseentium,  was 
1  in  every  G  children  born.  The  adoption,  tinder  the  direetion  of  Dr. 
Joseph  Clarke,  oi'  an  imjiroYed  system  of  ventilation,  reduced  tlae  pro- 
portion of  dfiuths  from  tliis  ctiuse  to  1  in  19 J.  And  turther  improve- 
ifients  in  vetitiUition,  with  iuereaaed  attention  to  cleinilinessiy  during  the 
seven  years  m  which  Dr.  Collin  a  was  Master  of  this  Institution,  reduced 
the  number  of  deatlis  from  this  disease  to  no  more  than  three  or  fbtir 
yeiu'ly.* — A  sixuilar  amelioration  took  place  about  a  century  ago,  ia  tlie 
condition  of  the  London  Workhouses,  in  which  23  out  of  24  infants  had 
previouily  died  witliin  the  first  year,  and  a  large  proportion  of  these 
within  the  first  month ;  for  owing  to  a  parliamentary  inquiry  which 
was  called-forth  hy  this  fearilil  state  of  things,  the  proportif^in  of  detiths 
was  speedily  reduced  (chiefly  by  improvement  in  ventilation)  from  2G0U 
to  450  annually, 

31 L  Thnis  it  appears  that  in  all  climates,  and  under  all  conditions  of 
life,  the  puriti/  of  the  aimo^phef*&  habitually  respired  is  essential  to  lb© 
maintenance  of  that  p4>wer  of  resisting  disease,  which,  even  more  tlian 
the  ordinary  state  of  health,  is  a  meastire  of  the  real  vigotir  ol'the  syst<?m. 
For,  owing  to  tlje  extraordinary  ca|Md>Llity  which  tlie  human  body  possesses 
of  accommodating  itself  to  circumstances,  it  not  miirequently  happens 
that  individuals  continue  tor  yaars  to  breathe  a  most  mi  wholesome  atmo- 
sphere, wiUiout  apparently  suirering  from  it ;  and  thus,  when  they  at  h^t 
t^uccunib  to  some  Epidemic  disease,  their  death  ib  attributed  solely  to 
the  latter ;  the  previous  i>reparation  of  their  bodies  for  the  reception  and 
development  of  the  zymotic  jx>ison,  being  altogether  overlooked*  It  is 
impossible,  however,  for  any  one  who  carefully  examines  the  evidence,  to 
hesitate  for  a  moment  in  the  conclusion,  that  the  fatality  of  Epidemics  is 
almost  invariably  in  precise  projKjrtion  to  the  degree  in  which  an  impure 
atmoBp}here  has  been  habituaUy  required;  that  an  atmosphere  loaded  with 
putrescent  mjiismata  may  afford  a  jiitlus  wherein  a  zymotic  poison  mider- 
goea  a  marked  increase  in  quantity  and  intensity,  the  putrescent  exhala- 
tions from  the  lungs  and  skin  of  the  hving  subject  being  at  least  as 
effectual  in  fiirnishing  such  a  *  nidus,'  as  are  the  emanations  from  fa>cal 
discharges  or  from  other  decompoaLng  matters ;  that  the  habitual  respira- 
tion of  such  an  atmosphere  teuda  to  induce  a  condition  of  the  blood, 
which  renders  it  peculiarly  susceptible  of  perversion  by  the  introduction 
of  ^rmotic  poisons,  and  which  favonra  their  midtiphcation  within  the 
system  ;f  and  lastly,  that  by  due  attention  to  the  various  me.ans  of  pro- 
niotmg  atmospheric  purit^'',  and  especially  by  eflicient  ventilation  and 
sewerage,  the  rate  of  mortality  may  be  enormously  decreased,  tlio  auiount 
and  severity  of  sickness  lowered  in  at  Iciist  an  equal  proportion,  aiid  the 
fatality  of  Epidemics  almost  completely  amuhilated.     The  efifecta  of  good 

*  Soe  Dr*  CollioB^B  **  Pruciical  Treatiae  od  Midwifery,''  p.  513, 

f  A  caj-efnl  cansldemtiou  i^f  the  very  saiinU^iory  eridunce  whiob  has  been  of  !ato 
f«Kn  ooUeoted  on  this  point,  tunst  (iti  the  Author  s  opiuli^ii)  s&ilsf/  mlj  aympettnt  wad 
unprpndiced  mqairer,  that  Eu  Jemio  Fgv^ts,  orixiQaLiDg  id  locgl  eaaBfla  (m&»ii  mvMiiiAta 
ttad  the  like),  and  at  ^mt  adectiug  tbo^  eaJy  who  are  exposed  to  sach  eausea,  nmy  fiad^ 
by  the  cm  wdLug^  together  of  infected  tabjeota,  %  md%t  for  develop  meat  within  tlie 
HumiLn  aystem  ;  ao  that  these  diueft^s  thtn  become  c»ianiaiiieabte  by  Loauin  tuter- 
course^  lUthough  not  so  Driginuliy. — Piu-  a  di!icn»aion  of  Ihia  subjf!Ci,  see  the  Article 
on  *  Yellow  Fi^vei*  and  the  *  Fever  of  Boi  Yietap'  in  the  **  BriL  aod  For,  Med*-CMrt 
li^ir*,'^  voLh,  L  ii.  nod  iy* 
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drainage  and  water-supply  have  been  recently  well  exemplified  in  the 
case  of  Salisbury :  the  average  number  of  deaths  for  the  eight  years 
preceding  the  completion  of  the  drainage  in  this  town  (excluding  the 
Cholera  year)  having  been  27  in  1000,  and  for  the  same  period  since  21 
in  1000 ;  an  actual  reduction  of  almost  one-fourth  of  the  whole  number.* 
And  it  cannot  be  too  strongly  borne  in  mind,  that  the  efficacy  of  such  pre^ 
ventive  measures  has  been  most  fully  substantiated,  in  regard  to  many  of  the 
very  diseases  in  which  the  curative  power  of  Medical  treatment  has  seemed 
most  doubtful ;  as  for  example,  in  Cholera  and  Malignant  Fevers. — The 
practical  importance  of  this  subject  may  be  estimated  irom  the  startling 
tact,  which  inquiries  prosecuted  under  the  direction  of  the  Board  of 
Health  have  brought  to  light  ;f — viz.,  that  the  difference  in  the  annual 
rates  of  mortality,  between  the  most  healthy  and  the  most  imhealthy 
localities  in  England,  amounting  to  no  less  than  34  in  1000,  is  almost 
entirely  due  to  Zymotic  diseases,  which  might  be  nearly  (if  not  com- 
pletely) exterminated  by  well-devised  sanitary  arrangements.  The  lowest 
actual  mortality  is  11  per  1000,  while  the  highest  is  45  per  1000;  and 
between  these  extremes,  there  is  every  intermediate  degree  of  range. 
But  what  may  be  termed  the  inevitable  mortality, — arising  from  diseases 
which  would  not  be  directly  affected  by  Sanitary  improvements — is  a 
near  It/  constant  quantity  throughout;  namely,  the  11  per  1000  of  those 
districts  which  are  free  from  Zymotic  disease.  The  average  mortality  of 
all  England,  in  ordinary  years,  is  about  22  per  1000,  or  just  double  that 
to  which  it  might  be  reduced ;  so  that,  taking  the  population  of  England 
and  Wales  (as  by  the  last  Census)  at  20  millions,  die  average  annual 
mortality  must  be  440,000,  of  which  only  220,000  is  inevitable,  an  equal 
amount  being  preventible. 


CHAPTER    VIIL 

OF   NUTRITION. 

1.  General  Considerations, — Formative  Power  of  Individual  Parts. 

312.  The  function  of  Nutrition,  considered  in  the  widest  acceptation 
of  the  term,  includes  that  whole  series  of  operations  by  which  the  alimen- 
tary materials, — prepared  by  the  Digestive  process,^  introduced  into  the 
system  by  Absorption,  and  carried  into  its  penetralia  by  the  Circulation, 
— are  converted  into  Organized  tissue :  but  in  a  more  limited  sense  it 
may  be  understood  as  referring  to  the  last  of  lihese  operations  only,  that  of 
Histogenesis  or  tissue-formation,  to  which  all  the  other  organic  fimctions, 
in  so  far  as  they  are  concerned  in  maintaining  the  life  of  the  individual, 
are  subservient,  by  preparing  and  keeping  in  the  requisite  state  of  purity 
the  materials  at  the  expense  of  which  it  takes  place.  Every  intend  part 
of  the  living  body  possesses  a  .certain  capacity  for  growth  and  development, 
in  virtue  of  which  it  passes  through  a  series  of  successive  phases,  imder 
the  influence  of  the  steady  Heat,  which  in  the  warm-blooded  animal  is 

•  See  "Times,''  Oct.  24,  1868. 

+  See  "  Summaiy  of  Experience  on  DiseaJie,  and  ComparatiTe  Rates  of  Mortality,"  by 
William  Lee,  Superintending  Inspector,  1851. 
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constantly  actiiig  upon  it ;  this  (opacity  being  an  endowment  which  it 
darivea  hj  direct  deeoent  from  the  originfll  germ  {chap,  i.),  but  imdergO' 
tag  a  gradual  diminutioii  witli  the  advance  of  life  (chap,  xviii,),  until  the 
power  of  maiHteniin4.'€  is  no  longer  adequate  to  antagonize  t!ie  forces 
that  tend  to  the  dmntuffratmn  of  the  system.  It  haa  been  also  shown 
(chap,  t,),  that  notwithstanding  the  divers! Uea  in  the  jstructure  and  com- 
position of  the  Bev^al  tiMueg^  the  Blood  snppliea  the  materials  which 
each  requires ;  erery  tissue  possesatng  (so  to  speak)  an  elective  iiffinitif  for 
some  particular  constituenta  of  that  iiuid,  iii  vLrttie  of  which  it  abstracts 
them  irom  it,  and  appropriatee  them  to  its  owii  uses. — But  it  litis  been 
shown,  on  the  other  hand,  that  tlie  ^  formative  capacity  *  does  not  exht  in 
the  tiflsuei  alone,  but  is  diared  by  the  Blood,  which  must  itself  be  re- 
garded as  deriving  it  ^om  the  original  germ;  for  there  are  certain 
aimplo  kinds  of  tisane^  which  appear  to  take  their  origin  directly  in  its 
plastic  components.  Of  others,  which  cannot  be  said  thus  to  originate  in 
the  blood,  the  development  seeme  bo  be  entirely  determined  by  the  quan- 
tity of  their  special  pabula  which  it  may  contain.  Thus,  an  increase  of 
Adipose  tissue  tJikes  place,  when  the  blood  habitually  includes  an  imusual 
amotmt  of  fut ;  an  augmentation  in  the  proportion  of  the  Red  Corpuscles 
of  the  hloo<l  may  be  distinctly  observed  (specially  if  it  has  been  pre- 
viously diminished  imduly),  when  an  additional  supply  of  iron  is  afforded; 
and  when  one  of  the  Kidneys  haa  been  removed,  or  ia  prevented  by  disease 
from  performing  its  normal  functioui  the  otlier,  if  it  remain  healthy, 
undergoes  an  extraordinary  increase  in  size,  so  as  to  perform  the  duty 
of  both  organs,  the  augmented  development  of  its  secreting  structure 
being  here  also  feirly  attributable  to  the  accimialatioii  of  its  appropriate 
materials  in  the  blood.*  Even  of  those  tissues  which  must  be  considered 
as  most  independent  and  sell -sustaining,  the  development  is  not  only 
checked  by  the  want  of  a  due  supply  of  their  appropriate  materials,  but 
It  m  moditied  in  a  very  remarkable  degree  by  the  presence  of  abnormal 
substances  in  the  blood,  which  single-out  particular  parts,  and  effect 
determinate  aiterationa  in  their  nutrition,  in  auch  a  constant  maimer  aa 
to  show  the  existence  of  a  peculiar  *  elective  atlinity'  between  them. — 
In  so  far,  then,  as  the  process  of  Nutrition  is  dependent  upon  the  due 
supply  fuid  normal  state  of  the  Blood,  its  conditions  have  been  already 
suificiently  discussed  \  and  we  have  now  only  to  consider  it  in  its  rela* 
tiona  to  the  Tiaauea, 

313*  The  demand  for  Nutrition  primarily  arises  from  the  tendency  of 

*  Thia  priaciple  15  on©  most  fertile  \n  Pnthological  iipplicationn  ;  for  there  can  be  HtUe 
doubt  that  tba  dflreloprncTit  of  many  morbftl  gr^iiA'thfi  ii*  drit**  tiot  so  much  to  a  penrej  ted 
local  actioQj  na  to  Ihe  preseace  of  oerUin  mc»rbid  matters  ia  tbe  LbiKJ,  irhicb  deter- 
mtnea  tbe  fomuitioD  of  tissues  tbmt  use  them  bh  Ibeir  appropriate  pabolum.  Sneb  is 
pretty  obviouaiy  tbe  Cttsa  witb  lliose  dborder^j  wblcb  {iike  the  Ei^azitliematA)  lu^ 
unireritallj  admitted  to  be  of  ^  eonntittttioiud*  obaracter»  aud  wbich  are  distinotlj  tnic«- 
able  to  A  pmsoQ  intrQclaced  thrcugb  tbe  bloody  whoae  fimt  ttifluenoe  is  exerted  iu  itiodt- 
fying  tbe  pbfuicnl  and  vital  propcrtieit  of  that  fluid:  and  tbe  evidence  biiabeeii  of  latQ 
aoci]iDulatit]gf  that  jit  U  true  alio  of  tbe  Tjirioas  furms  of  Cancer,  tbe  local  deTolop- 
ment  of  an  abnormal  structure  being  iit  tbifl  ease,  also,  notbing  else  than  the  manifeita^ 
tion  of  tbe  existence  of  tb&t  pee n liar  matter  in  the  blood,  wbich  ia  tbs  apprcrprmte 
nutriment  of  iU  et>mponent  ttssaea ;  or,  as  Mr.  Simon  appropriately  dealgnatei  It^  **h 
Bew  exeretoiy  orgmHj  wbicb  tends  eKs^entiallj  to  aetfl  of  eli  mi  native  secretion,  jUMt  i^ 
distiJiellj  M  tJie  beidlby  liver  or  tbe  bealtby  kidney,^' — See  Mr.  Simon's  **  Lectures  on 
Oeaeral  Fatbology/'  pp.  87i  1^2  i  aad  Mr.  Faget'a  *'  Lectures  od  Snrgical  FatboWgy," 
fcL  i,  p*  441,  atid  voL  u*  pp,  523  €t  »eq. 
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the  organism  to  simple  Increase  or  Growth.  Of  this  we  have  the  most 
characteristic  illustration  in  the  multiplication  of  the  first  embryonic 
cell  by  the  simple  process  of  *  duplicative  subdivision ;'  whereby  a  multi- 
tude of  cells  is  produced,  every  one  of  which  is  similar  in  all  essential 
particulars  to  the  original.  But  after  the  diflerent  parts  of  this  homo- 
geneous embryonic  mass  have  taken  upon  themselves  their  respective 
modes  of  development,  so  as  to  generate  a  diversity  of  tissues  and  organs, 
each  one  of  these  continues  to  increase  after  its  own  plan ;  and  thus  the 
child  becomes  the  adult,  with  comparatively  little  change  but  that  of 
growth  (chap.  XVI.,  Sect  4).  An  excess  of  growth,  taking  place  con- 
formably to  the  normal  plan  of  the  tissue  or  organ,  constitutes  Hyper- 
trophy;  whilst  a  diminution,  without  degeneration  or  alteration  of 
structure,  is  that  which  is  properly  distinguished  as  Atrophy. — But 
Growth  is  not  confined  to  the  period  of  increase  of  the  body  generally ; 
for  it  may  manifest  itself  in  particular  organs  or  tissues,  as  a  normal 
operation,  at  any  subsequent  part  of  life;  as  when  an  extraordinary 
demand  for  the  fimctional  activity  of  a  particular  set  of  Muscles 
is  supplied  by  an  increase  in  the  amount  of  their  contractile  tissue. 
— And  further,  even  where  there  is  no  such  manifestation  of  in- 
crease, there  is  really  a  continual  growth  in  all  the  tissues  actively  con- 
cerned in  the  vital  operations,  and  this  even  to  the  very  end  of  life ; 
although  it  may  be  so  &r  counterbalanced,  or  even  surpassed,  by  changes 
of  an  opposite  kind,  that  instead  of  augmentation  in  bulk,  there  is  absolute 
diminution. 

314.  The  evolution  of  the  complete  organism  firom  its  germ,  however, 
does  not  consist  in  mere  growth ;  for  by  such  a  process  nothing  would 
be  produced  but  an  enormous  aggregation  of  simple  cells,  possessing 
little  or  no  mutual'  dependence,  like  those  which  constitute  the  shape- 
less masses  of  the  lowest  Algae.  In  addition  to  increase  there  must 
be  Development^  that  is,  a  passage  to  a  higher  condition,  both  of  form 
and  structure;  so  that  the  part  in  which  this  change  takes-plaoe 
becomes  fitted  for  some  special  function,  and  is  advanced  towards  the 
state  in  which  it  exists  in  the  highest  or  most  completed  form  of  its 
specific  type.  Thus  the  development  of  tisstie  consists  in  the  change  from 
a  simple  mass  of  cells  or  fibres  into  any  other  form ;  as  in  the  production 
of  Dentine  from  the  cellular  substance  of  the  tooth-pulp,  or  in  the  forma- 
tion of  Bone  in  the  sub-periosteal  membrane.  So,  again,  the  develop- 
mental change  is  seen  in  the  passage  of  an  entire  organ  firom  a  lower  to 
a  higher  condition,  by  the  evolution  of  new  parts,  or  by  a  change  in  the 
relations  of  those  already  existing,  even  though  the  change  in  its  texture 
should  consist  of  little  else  than  of  simple  increase :  thus  in  the  develop- 
ment of  the  Heart,  we  have  the  original  single  cavity  subdivided,  first 
into  two,  and  at  last  into  four  chambers :  and  in  the  development  of  the 
Brain,  we  find  the  sensory  ganglia  to  be  the  parts  first  formed,  the  anterior 
lobes  of  the  cerebrum  to  be  evolved  (as  it  were)  firom  these,  the  middle 
lobes  sprouting-forth  firom  the  back  of  the  anterior,  and  t^e  posterior 
from  the  back  of  the  middle ;  yet  with  all  this,  there  is  no  production  of 
any  new  kind  of  tissue,  the  new  parts  being  generated  at  the  expense  of 
histological  components  identical  with  those  of  the  pre-existing. — ^Now  it 
is  in  the  early  period  of  embryonic  life,  that  the  developmental  process  is 
most  remarkably  displayed ;  for  it  is  then  that  we  see  that  transforma- 
tion of  the  primordial  cells  into  tissues  of  various  kinds,  which  originates 
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a  speoial  nmis  in  aaeli  part,  whereby  the  pr  ad  action  of  the  same  tissuef 
in  conttniiitj  with  that  first^formcd,  i-^omes  to  be  a  siniple  act  of  growth ; 
and  it  h  then  ulso  that  we  observe  that  marking-out  of  nil  the  prrncipal 
organa,  by  the  development  of  tiMue  in  particuJar  directions,  which 
mjikea  all  subsequent  evolntioa  but  a  completion  or  iiliing-up  of  the 
plan  thus  aketclietl-out.  Thus,  during  the  first  daya  of  incubation  in 
the  Chick » the  fbimdation  is  laid  of  the  vertebi'al  column,  the  nervous 
centres,  the  organs  of  sense,  the  heart  and  circukiting  ^^steni,  the  alimen- 
tary canal,  tlie  respiratory  apparatus,  the  livex,  the  kidneyit,  and  many 
other  parts ;  and  at  tlic  termiDation  of  that  period^  the  chick  emergen  in 
HUfh  a  state  of  completenesa  of*  development,  that  little  else  than  increase 
is  wanting^  save  iti  the  plumage  and  sexual  organs,  to  raise  it  to  its 
perfect  type*  The  same  may  be  said  of  the  Human  organism ;  save  that 
tl^Q  period  of  its  developn;ent  is  relatively  longer,  in  acoordanee  with 
the  higfier  gi-ade  which  it  is  uJtiniately  to  attain ;  its  earliest  stagea 
being  jtassed^th rough,  however,  with  extraordinary  rapidity*  The  com- 
plete evolution  of  the  generative  organs,  of  the  osseous  skeleton,  and  of 
the  teeth,  constitute  the  principal  developmental  changes  which  the 
Hiuuau  orgsinism  undergoes  in  its  progress  from  the  intantile  to  the 
adult  condition;  almost  every  other  alteration  consisting  in  simple  increase 
of  its  several  component  tisauea  and  organs,  without  any  essential  change 
in  their  form  or  structure.  And  when  the  adult  type  has  been  once  com- 
pletely attained,  every  subsequent  change  is  one  rather  of  degeneration 
tlian  of  development,  of  retrogreflaion  radier  than  of  advance* 

315.  The  difference  between  these  two  precises  of  Growth  and  Deve- 
lopment  is  most  character isticalJy  aliown  in  those  cases,  in  which  there 
is  a  partial  or  complete  arrest  ol*  one  of  them,  without  any  correspond- 
ing impairnient  of  the  other*  Thus  a  dwarf,  however  gmidl  in  stature, 
may  present  a  perfect  development  of  every  part  that  is  characteristic  of 
the  complete  hrmian  organism;  the  deficiency  being  solely  in  the 
capacity  for  growth.  On  the  other  hand,  the  usual  size  at  birth  may  b© 
attained,  and  every  organ  may  present  its  ordinary  dimensions,  and  yet 
some  important  part  may  be  found  in  a  condition  of  atTcMed  dtt^eiop^ 
vwnt :  thus  the  Heart  may  consist  of  a  single  cavity,  or  the  inter- ventri- 
cular or  inter^anricular  septa  may  be  incomplete,  so  that  the  organ  has 
not  passed  beyond  the  grade  of  development  which  it  had  attained  at  an 
early  period  of  embryonic  life,  althougli  its  growtli  may  iiave  con* 
tinned  ;  or  the  Brain  may  in  like  manner  exhibit  a  deficiency  of  tlie 
posterior  lohesj  or  of  the  coqiua  callosum,  or  of  some  other  pirt  whose 
formation  nominally  takes  place  in  the  latter  montlis  of  intra-uterine  life, 
id  though  the  parts  already  produced  may  have  continued  to  grow  at 
their  usual  rate.— Numerona  instances  of  the  same  kind  might  be  oitaf}, 
Imt  these  must  BuiBce* 

316,  The  demand  for  Nittrition  arises,  however,  not  merely  from  the 
ejcercise  of  the  formative  powers  which  are  concerned  in  the  building-up 
of  the  organism,  but  also  from  the  degeneration  and  decay  which  are 
continually  taking-place  in  almost  every  part  of  it»  and  the  effects  of 
wliich,  if  not  antagonized,  would  speedily  show  themselves  in  its  com- 
plete disintegration.  As  c^ch  component  cell  of  the  organism  lias  to  a 
certalQ  degree  an  independent  life  of  its  own,  so  has  it  also  a  limited 
duration ;  and  its  ditration  usually  bears  an  Inverse  ratio  to  its  fimetionai 
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activity.  This  is  particularly  striking  when  we  compare  the  ratio 
of  change  in  the  organisms  of  cold-blooded  animals  at  low  and  at 
high  temperatures;  for  they  live  slowly,  need  little  nutriment,  give- 
off  but  a  small  amoimt  of  excretory  products,  and  require  a  long 
time  for  the  performance  of  the  reparative  processes,  under  the  former 
condition ;  but  live  fast,  require  a  comparatively  large  supply  of  nutri- 
ment, give-off  a  far  greater  amount  of  carbonic  acid  and  other  ex- 
cretions resulting  from  the  *  waste'  of  tissue,  and  exhibit  a  far  more  rapid 
reparation  of  injuries,  in  the  latter  state.  The  constantiy-high  tempera- 
ture of  Man,  as  of  other  warm-blooded  animals,  prevents  this  difference 
from  being  displayed  in  him  in  a  similar  manner;  but  it  is  well  seen  when 
we  contrast  his  different  tissues  with  each  other,  and  study  their  respec- 
tive histories.  For  whilst  there  are  some  (i.)  which  appear  to  pass 
through  all  tiieir  stages  of  growth,  maturation,  and  decline,  within  a 
limited  period,  there  are  others  (ii.)  whose  existence  seems  capable  of 
almost  indefinite  prolongation,  and  others  (ni.),  again,  which  are  liable  to 
have  a  period  put  to  their  life  at  any  time,  by  the  direction  of  their  vital 
force  into  other  channels. 

I.  Of  those  belonging  to  the  first  category,  which  are  actively  con- 
cerned in  the  purely-viVa/  operations  of  the  organism,  a  characteristic 
example  is  presented  by  the  Ovule ;  which,  if  not  fertilized  within  a 
limited  period  after  its  maturation,  speedily  declines  and  decays ;  and  the 
same  law  of  limited  duration  doubtieas  extends  to  a  large  proportion  of 
such  tissues  as  are  actively  concerned  in  the  maintenance  of  tiie  organic 
functions ;  as  for  example,  the  Corpuscles  of  the  blood,  the  Epithelial 
cells  of  many  glands  which  are  instrumental  in  the  process  of  Secretion, 
the  cells  forming  the  parenchyma  of  the  Absorbent  and  Vascular  Glands, 
and  many  others. 

II.  The  contrary  extreme  to  this  may  be  found  in  those  tissues  whose 
functions  are  rather  ph/sical  than  vital;  and  especially  in  such  as  undergo 
consolidation  by  the  deposit  of  solidifying  matter,  either  in  combination 
with  the  animal  membrane  or  fibre,  or  in  its  interstices.  Such  tissues 
are  more  withdrawn  from  the  general  current  of  vital  action ;  and  there 
seems  to  be  no  definite  limit  to  the  duration  of  some  of  them,  except  such 
as  is  imposed  by  tiie  chemical  and  mechanical  degradation  to  which  they 
may  be  subjected.  This  appears  to  be  the  case  witii  the  simple  Fibrous 
tissues,  especially  the  yellow,  even  in  their  soft  or  unconsolidated 
state ;  but  it  is  far  more  obvious  in  the  dentine  and  enamel  of  Teeth, 
which  are  formed  by  the  combination  of  calcareous  salts  witii  an  animal 
matrix,  and  which  retain  their  condition  apparently  unchanged  through 
the  whole  remainder  of  life,  under  circumstances  which  show  that  if  any 
nutritive  action  takes  place  in  them,  its  amount  must  be  extremely  small. 
In  the  dentinal  structures  of  the  young,  however,  there  is  obviously  a 
determinate  limit  of  existence;  as  is  shown  by  the  exuviation,  at  a  certain 
definite  epoch,  of  the  first  set  of  teeth,  which  exuviation  is  usually  pre- 
ceded by  tiie  death  and  partial  disintegration  of  their  texture.  In  Hair, 
Nails,  and  other  Epidermic  appendages,  again,  whose  substance,  when 
once  it  has  imdergone  consolidation  by  the  deposit  of  homy  matter,  may 
remain  unchanged  for  centuries,  we  must  recognize  the  same  principle  of 
indefinite  diuration,  in  connection  with  the  cessation  of  vitiJ  activity ; 
the  chemical  constitution  of  tiiese  textures,  moreover,  being  such  as 
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rcudors  thc?m  but  little  prone  to  hQ  acted -upon  by  ordinarj  decom  posing- 
agencies*  The  limit  of  existeture  seems  more  determinate,  however*  iii 
Bone ;  for  not  only  do  we  find  tliiit,  in  the  first  development  of  tliJs  sah- 
stance,  a  considemhlc  part  of  iho  tissue  originally  ganenited  by  the  con- 
aolidtition  of  its  osaeoiiJ!  or  cartiloginona  matrix  speedily  djsiip|3ears,  and 
thfttp  during  the  whole  period  of  growtli  of  \he  sliail  of  ti  rotmd  bone, 
there  is  a  continual  removal  of  its  inner  and  older  portions,  whereby  the 
meduUary  ciivily  is  progreaaively  enliirged ;  but  tliere  ia  strong  evidence 
that,  even  after  the  bone  has  attained  its  full  dimensions,  a  replacement 
of  old  Haversian  systems  by  new  is  continually  in  progress, 

nr.  In  the  case  of  the  Muscular  and  Nervous  tisanes,  however,  we 
trace  the  operation  of  causes  that  differ  Irani  any  of  tliose  aircitdy  Sftecified, 
These  tissues  are  donlitles,s  !5iibject,  like  all  others  that  are  distinguislied 
by  their  vitid  activity,  to  the  liiw  of  limited  duration  ;  for  we  find  Umt, 
when  not  called  into  use,  tliey  tmdergo  a  gradual  disintegration  or  wast- 
ing, which  is  not  adequately  repaired  by  the  nutritive  jirocesses.  But 
their  exiBtence  as  living  structures  appears  to  be  terminable  at  any  time, 
hy  the  exercise  of  their  fimctional  powers;  for  tlie  development  of 
muscular  contractility  or  of  nervous  force  seemi?  to  involve,  as  its  iicces- 
mty  condition,  a  metamorplioais  (ao  to  speak)  of  the  viud  power  whicii 
was  previously  exercising  itself  ia  the  nutritive  operations ;  and  the 
materials  of  tliese  tissues,  now  reduced  to  tlic  condition  of  dead  uiatter, 
undei^o  those  regresaive  changes  which  speedily  convert  them  into 
excrementitious  producti.  But  the  very  manifestation  of  their  j>ecuhar 
vital  endowments  determines  aji  Mux  of  blood  towards  tlie  jjarts  Utus 
called  into  special  activity ;  aad  from  tliis  it  comes  to  [>ass^  tliat  the 
nutrition  of  these  textures  is  promoted,  inatead  of  being  Impaired,  by 
the  losses  to  which  they  are  thus  subjected ;  so  that  their  constant 
exercise  occasions  an  augmentation,  rather  than  a  diminution,  of  their 
substance, — a  due  supply  of  the  reqtiisita  loateriaJs  being  always  pr^ 
supposed. 

317-  Thus  it  comes  to  pass,  that  during  the  whole  pei^lod  of  active 
Ufe,  a  demand  for  Nutrition  is  created  by  eveiy  exertion  of  the  vital 
powers,  but  more  esj)ecially  by  the  evolution  of  the  Nen^ous  and  Mus- 
cular forces.  The  ptoduetion  and  application  of  these,  indeed,  may 
he  considered  as  the  great  end  and  aim  of  the  Human  oi'ganism,  so  far 
at  Ifjast  as  tlje  individual  is  concerned  ;  tlie  Avhole  apparatus  of  OrgKuic 
life  being  subservient  to  the  building-up  and  maintenance  of  the  Nervo- 
muscular  apparatus,  and  of  those  jiarts  of  the  fabric  (e.ff.  tlie  bones, 
cardlages,  fibrous  textures,  &c,}  which  it  uses  as  its  mechanical  instni- 
jttents.  Thus  tlio  activity  of  aD  the  Organic  operations,  when  once  the 
lull  measure  of  growth  has  been  attained^  is  mainly  detemiined  by  that 
of  tho  Animal  ftmctions;  and  as  the  *rate  of  Hie*  of  all  the  parts  which 
minister  to  the  former  will  bo  proportioned  to  the  energy  with  which 
tliey  are  called -upxjn  tjo  perform  their  functions,  their  duration  will 
diminish  in  the  same  proportion,  and  hence  occasion  will  arise  for  their 
continual   renewal**    But  since,  in  the  attainment  of  the  adult  con- 

•  Soeh  an  excellent  illustration  ii  afforded  hj  the  phenomenA  of  Yegetatioa,  of  ihe 
dooU'ini'a  here  pnjpikunilud^  tlial  U  Acareely  uppenni  dui^intblo  to  pass  It  hy  m  thin  pliice, 
altbougb  It  has  been  elsewliere  toore  fulfj  iief«rred-to  (PiiiNO.  or  Caxp.  Phts*,"  §^  265, 
Z^S). — The  leAvea  of  Plmitit scrre,  like  the  nbsarbitig  and  antLtoilutiDg  eelZx  of  Aiiiniilit 
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dition,  the  productive  capacity  has  undergone  a  gradual  diminution, 
whilst  the  exercise  of  the  animal  powers  has  become  vastly  increased, 
the  formative  processes  are  only  capable  of  maintaining  tlie  Organism  jin 
its  state  of  completeness  and  vigour,  by  making-good  the  losses  con- 
sequent upon  the  continual  disintegration  to  which  it  is  subjected  by 
its  nervo-muscular  activity.  And  with  the  advance  of  years,  the  further 
diminution  of  the  productive  capacity  involves, — on  the  one  hand,  a  pro- 
gressive decrease  in  the  substance  of  the  tissues  and  organs  most  im- 
portant to  life  (their  bulk,  however,  frequently  remaining  imchanged,  or 
even  increasing,  in  consequence  of  iJie  accimiulation  of  fiit), — and  on  the 
other,  a  gradual  weakening  of  its  powers  of  action.     See  chap,  xviii. 

318.  The  performance  of  the  function  of  Nutrition,  the  demand  for 
which  arises  out  of  the  causes  that  have  been  now  discussed,  is  dependent, 
not  merely  upon  a  due  supply  of  pure  and  well-elaborated  blood,  but  also 
upon  the  normal  condition  of  the  part  to  be  nourished,  and  especiaUy 
upon  its  possession  of  a  right  measure  of  '  formative  capacity;'  in  virtue 
of  which,  the  newly-produced  tissues  are  generated  in  the  likeness,  as  well 
as  in  the  place,  of  those  which  have  become  effete.  The  exactness  of  this 
replacement  is  most  remarkably  shown  in  the  retention  of  the  characteristic 
fonn  and  structure  of  each  separate  organ  or  part  of  the  body,  and  thus  of 
the  entire  organism,  through  a  long  series  of  years ;  no  changes  being 
apparent  (so  long  as  the  state  of  health  is  preserved),  but  such  as  are  con- 
formable to  the  general  type  of  that  alteration  which  the  organism  imder- 
goes  with  the  advance  of  life.  And  not  only  is  this  to  be  noticed  in  the 
conservation  of  all  those  distinguishing  points  of  structure  which  mark 
the  species  and  are  essential  to  its  well-being,  but  it  is  still  more  remark- 
ably displayed  in  the  continuous  .renewal  of  those  minor  peculiarities 
which  constitute  the  characteristic  features  of  the  individual,  and  which 
serve  to  distinguish  him  from  his  fellows.  And  how  much  this  depends 
upon  the  formative  capacity  originally  derived  from  the  germ,  is  evident 
from  this,  that  a  similar  moulding  (so  to  speak)  of  the  nutritive  material 
takes  place,  in  its  original  development,  at  first  into  the  form  character- 
istic of  the  species,  and  afterwards  into  that  which  marks  the  individual ; 
and  that  the  peculiarities  of  the  individual  are  frequently  such  as  have 
been  distinctive  of  one  or  other  of  the  parents,  or  present  a  combination 
of  both.  But  it  is  curious  that  the  formative  power  should  oflen  be  exer- 
cised, not  only  in  maintaining  the  original  type,  but  also  in  keeping-up 
some  acquired  peculiarity;  as,  for  example,  in  the  perpetuation  of  a  cica- 
trix lefl  after  the  healing  of  a  wound.     For,  as  Mr.  Paget  has  remarked, 

fur  the  introduction  and  elaboration  of  the  nntritiye  materials  which  are  to  be  applied 
to  the  extension  of  the  fabric  ;  the  more  permanent  and  inactive  parts  of  which  are 
thos  generated  at  the  expense  of  materials  prepared  by  the  vital  operations  of  the  more 
transitory  and  energetic.  Now  there  is  an  obvious  limit  to  the  duration  of  the  leaf-cells ; 
but  this  limit  is  not  precisely  one  of  tifM^  being  rather  dependent  upon  the  completion 
of  their  9eri€$  of  vitcd  actions.  Thus,  although  we  are  accustomed  to  look  upon  the 
*  fall  of  the  leaves*  (which  is  nothing  else  than  an  exuviation  consequent  upon  death) 
as  a  phenomenon  of  regular  seasonal  recurrence,  and  to  regard  their  replacement  by  a 
new  growth  as  occurring  at  a  not  less  constant  interval,  yet  experience  shows  that  these 
intervals  are  entirely  regulated  by  temperature  ;  for  if  one  of  the  ordinary  deciduous 
trees  of  temperate  climates  be  transferred  to  a  tropical  climate,  it  will  live  much  faster, 
its  leaves  being  shed  far  more  frefiuently,  and  being  replaced  much  more  speedily ;  so 
that  two,  or  even  three,  successive  exuviations  and  reproductions  of  its  foliage  may 
take  place  within  a  year. 
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ihe  tissue  of  a  cicatrix  grows  and  assimUatee  nutrient  material,  tsaetty  i 
do  its  healthy  ueigLbouring  tissues ;  so  that  a  ecar  wliich  a  cliild  inigHt 
have  said  to  be  as  long  as  Ids  own  fbre-finger,  wiJl  stiil  be  as  long  aa  hia 
fore-finger  when  be  becomes  a  man.  And  when  the  mode  of  nutrition  in 
any  part  has  been  altered  by  diaeaae,  there  is  frequently  an  obstinate  ten- 
deacy  to  the  perpetuation  of  the  same  alteration  ;  or,  if  the  healthy  action 
be  for  a  time  restored,  there  is  a  peculiar  tendency  to  tlje  renewal  of  the 
morbid  process  in  the  part ;  and  this  is  stronger  the  more  frequently  ll  . 
recurs,  until  at  last  it  becomes  inveterately  estabhshetL  There  is,  how- 
ever, in  the  Tissues  generally,  as  in  the  Blood,  a  general  tendency  to  a 
return  to  the  normal  tj^pe,  after  it  has  undergone  a  temporary  perversion; 
and  thus  it  is  that  we  find  tlie  typical  structnre  of  parts  gradually 
restored^  la^hen  the  morbid  tendency  has  been  overcome ;  and  that  oven 
cicatrices  and  indurations,  notwithstanding  their  usual  obstinate  persis- 
tence, occasionally  disiippear*  The  normal  type  is^  perhaps^  less  likely  to 
bo  thus  recovered^  when  the  departure  from  it  is  very  slight^  and  eonsista 
rather  in  the  wrong  plan  (so  to  speak)  on  which  the  new  matter  is  laid 
down,  than  in  a  perversion  of  tlie  nutritive  process  itself. 


2,  On  the  Balance  of  the  Vital  Ecmtomi/y  or  the  Meiaitt^m  which  mbslit 

hetween  th€  Ingesta^  the  Metamorphom  of  Tissue^  and  the  Egestu,^ 

* 

319.  During  the  last  few  years  many  laborious  investigations  have 
been  undertaken,  with  a  view  to  determine  what  may  be  called  the 
'*  balance  of  the  vibd  economy  ;*'  or  in  other  words,  to  ascertain  not  only 
the  kind  and  quahty  of  food  requisite  to  nuiintain  life  uiidcr  varying  ex- 
ternal conditions,  but  to  gain  an  insiglit  Into  the  manner  in  which  difierent 
kinds  of  food  are  applied  to  the  formation  of  ti^ue,  and  to  the  main- 
tenance of  animal  heat ;  and  also  the  mode  in  which  the  results  of  their 
metamorphosis  within  the  body  are  ultimately  discharged  by  tl»e  various 
excretory  organs.  The  experiments  of  ChosBat  and  Mr,  Savory  already 
alluded  to  (§  40),  may  be  said  briefly  to  show  that,  during  inanition,  an 
ajiiuial  lives  upon  itgelJ*  consuming  about  one-half  of  its  body  before  de^itli 
occurs ;  and  we  may  be  sure,  from  the  care  that  we  elsewhere  see  to  be  taken 
by  nature  in  the  preservation  of  Mie^  that  the  animal  then  lives  mo^ 
economically*  But  we  cannot  conclude  from  analyses  of  its  egesta  in  tlie 
fasting  state^  or  from  caJcuJations  based  on  those  analyses  of  tie  quantity 
oi*  Albumen  or  Fat  actuaUy  eoiiRumed  m  the  acts  of  life,  that  we  have  ob- 
tained accurate  data  of  tlie  minimum  required  for  the  maintenance  of  tha 
Animal  in  its  normal  state ;  for  numerous  experiments  have  shown,  tliat  if 
the  stime  atuonut  of  food  be  given  to  an  animal  us  will  cxiictly  cover  its 
egesta  in  the  fasting  state,  the  excretions  by  skin  and  lungs,  urine  and 
ffficesj  will  exceed  that  quantity  in  weight;  clearly  showing  that  the  animal 

•  The  fullowitig  nrfi  aome  cpf  tbe  tnorta  impDrtant  rweiifc  works  on  tbli  tubjwtl— 
Bidder  imd  Scbmidt,  **  Dio  VenlauaDgBBdfte  nnd  der  StoflVechsol,"*  1S52,  Lnwea  aad 
Gilbert,  '*  FhiJosopli.  Trtuis,,"  1850.  Biscboff  luid  Voit,  *'B'm  Oesetze  der  EraiihrBag 
det  FldBcbfrewers,^*  Leipdf,  1860.  Eetiaeberg  And  StohmaBn^  "  Beitriige  Eiir  Hjit» 
FtiHerangderWiederkftaer,'*  BmaQSt^hwelg,  1 860,  Ranke,  *' ArchiT  f.  Anat,  und  Phji.^** 
1S62.  Petteakofer  und  Voit,  "AnniiL  d»  Cheteie  und  Phannacie,"  1862.  Sdititaeti- 
lwrgGr»  '*Chemie  appliqufid  la  FhjBiologie,"  1864. — The  Editor  mnst  here  acknowliKlise 
hia  oblig^tioEii  io  U\q  «taudanl  works  of  Funke,  Lndwig,  Vtoititdt^  Budge,  Longi^t^  «utl 
Milae-Edwiiid*;  in  each  of  whichj  exceHect  secjtions  od  "Nutrition*'  uiill  be  fonjid. 
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Still  consumes  a  portion  of  its  own  body,  or,  in  other  words,  that  more 
than  a  minimum  is  required.  According  to  Bidder  and  Schmidt,  whilst 
the  loss  of  weight  sustained  by  an  inanitiated  Carnivorous  quadruped  is 
about  2*2  per  cent  daily,  nearly  twice  as  much,  or  4*4  per  cent,  is  required 
to  keep  up  its  weight  to  the  ordinary  standard.  The  cause  of  the  increased 
*  change  of  matter*  which  occurs  when  a  due  supply  of  food  is  consumed, 
has  probably  been  correctly  referred  by  these  experimenters  to  the  circum- 
stance that  the  performance  of  the  various  operations  of  digestion,  assimi- 
lation, &c.,  which  are  necessary  preliminaries  to  the  appropriation  of  nu- 
tritive matter  by  the  tissues,  itself  involves  no  inconsiderable  consiunptiou 
of  what  was  previously  existing  in  the  body.  Hence  they  estimate  that 
the  respective  amoimts  of  the  various  digestive  fluids  which  are  daily 
poured  into  the  alimentary  canal  of  an  adult  Man  weighing  14  stone,  are 
nearly  as  follows : — 


Saliva  .  .  . 
BUe.  .  .  . 
Gustric  juice  . 
Pancreatic  fluid 
Intestinal  juice 


oz.  gnins, 

56*8  containing    233  of  solid  matter. 
56-8  „         1208  „ 

147-2  „        2976  „ 

7-1  „  810 

7-1  „  46 


So  that  nearly  10  oz.  (troy)  of  solid  matter  are  separated  from  the  blood 
in  the  digestive  secretions,  for  the  purpose  of  introducing  new  alimentary 
materials  of  not  more  than  two  or  three  times  the  amoimt;  and  thus  we  see 
that  a  large  portion  of  the  food  ingested  and  assimilated  must  be  consiuned 
in  providing  for  the  introduction  of  a  further  supply,  in  addition  to  that 
which,  when  duly  assimilated,  is  applied  by  the  nutritive  processes  to  the 
repair  of  the  solid  tissues. 

320.  The  mode  of  conducting  experiments  of  this  nature  consists, 
in  the  first  place,  in  administering  to  an  animal  definite  quantities 
of  aliment,  the  chemical  composition  of  which  is  accurately  known; 
the  quantities  and  composition  of  the  several  excreta  are  then  ascer- 
tained ;  and  finaUy,  the  variations  in  the  total  weight  of  the  body  firom 
day  to  day  are  determined  with  the  most  rigorous  exactitude.  It 
is  then  obvious  that  we  shall  be  able  to  ascertain  approximatively  the 
amount  of  Oxygen  absorbed,  and  the  ultimate,  and  to  some  extent  even  the 
intermediate  changes  which  the  constituents  of  the  food  have  undergone. 
The  real  difliculty  in  these  inquiries  lies  not  only  in  the  precise  estima- 
tion of  the  nature  and  quantity  of  the  various  excretions, — ^a  difficulty  which 
is  experienced  to  some  extent  when  the  products  of  only  a  single  excre- 
tory organ  are  under  examination,  and  which  is  increased  manyfold  in 
attempts  to  determine  the  variations  of  all — but  in  referring  the  organic 
compounds  foimd  in  those  egesta  to  their  true  origin  from  the  consti- 
tuents of  the  Food,  or  of  the  tissues  which  have  undergone  metamorphocds 
in  the  body.  Admitting,  then,  that  in  such  calculations  as  those  which 
will  now  be  adduced,  various  elements  of  error  are  present,  which  only 
firequent  and  careful  subsequent  experiments  can  wholly  eliminate,  it  will 
be  found  that  the  precision  of  modem  research  has  obtained  results  of 
surprising  accuracy ;  giving  indications  that  it  will  hereafter  be  possible  to 
follow  closely  every  step  of  the  successive  changes  which  the  different 
kinds  of  food  undergo,  from  the  moment  of  their  introduction  into  the 
body,  to  the  period  of  their  ultimate  discharge.     Before  proceeding  to 
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consider  tlie  eWi^ls  of  variations  in  the  qiiantity  and  kind  of  food  upon 
nutrition  genemlly,  the  following  Tables^  druwn  up  by  Vierardt,  may  lie 
udvfknt^gGonHly  sixidlisd.  They  represent  the  Ingesta  and  Egesta  of  a  we)l- 
nour tailed  Man  for  a  single  day,  the  <][imn titles  being  expresaed  in 
graifts. 


Air 

AtbctDeti   «     *    . 
Fat       .     .     ,     , 
HlATch  .... 
Water  .... 
8dU     .... 

Total. 

HO 

G 

B 

N 

0        1 

0  of  Air. 

11,483 

2,B2B 

990 
1,033 
2,207 

133 

158 

292 

43S 
147 

11,498 

1,852 

1,390 

5,095 

40,634 

494 

4&,515 
11,438 

ei,003 

2,823 

4,S92 

391 

292 

£15        11,433  ' 
■ 1 ^ 

12,073 

B/dXiTA. 


LitngH  ...      * 

SklQ        .... 

Urine    .     .     «     , 
Paacea    *     ,     .     , 

Totat     .... 
Water  furmt^ .     * 

Tot^a. 

HO 

C 

E 

K     ! 

0 

BdU, 

13,990 
10,342 

27,267 

2,656 

5,095 
10,190 

26,248 

1,976 

3,841     1 

40 
105 

46 
309 

W5 
16-5 
46* 

244 

46 

10,054 

111 

140 

31 

185 

401 
93 

1,746 
61,001 

43,509 

4,341 

©7 

290 

10,521 

494 

194 

228 
1,324 

291 

12,078 

tn  die  second  Table  (Egeeta)  it  will  l^e  observed  there  are  two  series  of 
number  a  under  the  head  of  Urine.  Tlie  upper  one  denotes  the  quantity 
of  Urea  and  other  nitrogenotis  compounds ;  the  lower,  that  of  the  remain- 
ing organic  constituents  of  the  Urine.  The  nui!iber  10,054,  under  the 
head  of  Oxygen,  also  indicates  the  quantity  of  tlKit  gtis  contsjined  in  the 
Carbonic  Acid  eliminated  by  the  Lunga.  As  nsgards  the  Hydrogen  of 
the  Egesta,  it  will  be  observed  diat  one-third  ia  already  in  combination 
with  oxygen;  thero  renuiin,  tlierefore,  two* thirds  {1D4  grains)  to  be 
oxidized  in  their  passage  throng))  the  body*  These  require  1552  grains 
of  oxygen,  and  of  this  the  greater  part  ( 1 324  graina)  is  derived  from  the 
atmosj^hcre,  the  remaining  25^8  grains  lieing  derived  firom  the  food  iteelf, 
which  last  is  tliat  tjuantity  of  oxygen  which  is  not  covered  by  tlie  other 
excreta, — ^Tho  relative  proportions  in  which  the  Egesta  are  distributed 
amongst  tlie  several  e*\cretory  organs  appear  to  be,  tbereforCi  the 
ibllowhig : — 
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The  Lun^  eliminate  82    per  cent  of  the  total  excreta. 
The  Skin  „         17  „  „ 

The  Faeces         „  4}        ,,  „ 

The  Urine         „         464        „  „ 

— In  now  endeavouring  to  trace  some  of  the  metamorphoses  which  the  food 
undergoes  in  its  passage  through  the  body,  it  will  be  convenient  to 
consider  the  evidence  whicli  can  be  obtained  by  an  analysis  of  the  excreta, 
of  tlie  nature  and  quantity  of  the  constituents  of  the  body  which  undergo 
metamorphosis  during  inanition — that  is,  during  the  absence  of  all  food 
except  the  oxygen  inspired  by  the  Lungs.  The  protracted  and  careful 
experiment  instituted  by  Bidder  and  Schmidt  on  a  Cat  will  here  be 
recorded,  and  thus  the  mode  of  proceeding  in  these  inquiries  will  be 
indicated;  and  it  will  ailerwards  be  sufficient  to  mention  the  geneial 
conclusions  obtained  from  other  experiments  made  with  the  view  of  deter- 
mining the  influence  of  special  kinds  of  diet. 

321.  Bidder  and  Schmidt  found  that  a  Cat  deprived  of  Food  died  in 
18  days,  having  lost  half  its  weight.  During  this  interval  they  observed 
that  the  diminution  of  weight  which  took  place  was  equal  for  equal 
periods,  excepting  during  the  first  few  days,  when  it  was  somewhat 
greater  in  consequence  of  the  excretion  of  the  remains  of  the  previous 
food.  The  several  excretions  also  diminished,  though  by  no  means  in 
exact  proportion  to  the  loss  of  weight  of  the  body  generally  :  the  quantity 
of  Carbonic  acid  expired,  for  instance,  though  at  first  steadily  falling 
with  tlie  diminishing  weight  of  the  body  (so  that  during  this  period  a 
given  weight  of  the  animal  constantly  evolved  the  same  weight  of  that 
gas),  increased  firom  the  8th  to  the  1 6th  day  (so  that  a  given  weight  of  the 
body  eliminated  a  constantly  increasing  quantity),  whilst  during  the  last 
two  days  it  became  rapidly  less,  a  change  which  was  coincident  with  the 
rapid  fall  of  temperature  observed  by  Chossat  to  occur  shortly  before 
death.*  The  quantity  of  Urine,  again,  at  first  fell  proportionately  more 
rapidly  than  the  weight  of  the  body;  firom  the  3rd  to  the  16th  day  it 
ssink  proportionately,  and  during  the  last  two  days  fer  more  rapidly  than 
the  general  weight  of  the  body.  Afler  the  10th  day  all  the  Bile  secreted  was 
discharged  by  the  Faces.  The  proportions  of  Sulphuric  and  Phosphoric 
Acids  increased  absolutely,  but  their  relative  proportions  remained  un- 
changed. It  is  remarkable,  as  showing  the  great  importance  of  Chloride 
of  Sodium  in  the  animal  economy,  and  the  tenacity  with  which  it  is 
retained  by  the  tissues,  tJiat  this  salt  soon  entirely  ceased  to  be  excreted. 
It  was  found  that  the  whole  amount  of  Nitrogen  excreted  by  the  Urine 
and  Faeces  in  the  18  days  was  475  grains.  Now  the  proportion  of 
Nitrogen  in  the  muscles  of  the  Cat,  deprived  of  water,  was  15*07  per 
cent ;  and  this  might  also  be  considered  as  representing  tiie  proportion  of 
Nitrogen  in  the  albuminous  compounds  contained  in  the  Blood  and  in 
the  nervous  and  glandular  tissues,  which  are  expressly  included  by 
Schmidt  as  furnishing  a  portion  of  the  excreted  Nitrogen.  Consequently 
475  grains  of  Nitrogen  would  correspond  to  the  metamorphosis  of  3156 
grains  of  Albumen.  But  every  3156  grains  of  Albumen  contain  1578 
grains  of  Carbon ;  and  if  this  amoimt  be  deducted  firom  the  total  quantity  of 
Carbon  excreted  during  the  18  days  by  the  lungs,  kidneys  and  bowels, 

*  In  Pettenkofer  and  Yoit's  experiments  the  quantity  of  Carbonic  Acid  was  found  to 
fall  at  the  dose  of  life  to  one-half  of  its  previous  amount. 
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wliicli  amounted  to  3180  grnSne,  there  la  a  reinainder  of  1602  graina  of 
Carbon  ejccreted  hj  those  organa,  which  must  clearlj  huve  proceeded 
from  the  inetanjorphosia  of  some  other  tissues  tliati  the  tilbiimiiioiis. 
The  J  mast  proceed  froai  the  disiiitegi-Btioti  of  Fat.  But  10  02  gram  t  of 
Carboij  represent  2050  grains  of  the  ordinary  tkt  of  the  Cat :  that  qunntitj 
must,  therefore,  liave  been  decomposed  tluring  the  period  oi'  inanition. 
In  this  njanner,  then,  the  proportions  of  alhmnen  and  of  fat  which  under- 
went TOCtanior  pilosis  tluring  the  18  day  a  are  obtained*  K  tliese  be 
together  deducted  Irom  the  toUil  loss  of  weight  experienced  bj  the  animal, 
18,543  grams,  we  obtiitn  the  number  13,337  grnins,  wliich  represents  the 
loss  of  water  by  the  various  excretory  organs.  A  certain  proportion  of  this 
watery  which  is  caicniated  by  ScJimidt  to  amount  to  10,906  grains^  pro- 
ceeds from  tfie  water  of  hydration  of  the  decomi>osed  albmnen  of  the 
Blood,  Muscles,  Nerres,  <S;c\,  and  tJie  remaitider  is  drawn  from  the  othtar 
conBtitnents  of  the  body.  To  render  these  results  more  intelligible, 
Schmidt  has  constructed  the  following  uible : — 
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From  these  data  the  quantity  of  Oxygen  absorbed  by  the  animal  in  IS 
days  may  be  calculated,  by  deducting  from  the  absolute  quantity  of  Oxygen 
expired   in   combination    with    Carbon  and  Hydrogen^  the  amount  of 
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Oxygen  (=  600  grains)  remaining  disposable  from  the  metamorphosed 
constituents  of  iJie  body  (albumen  and  &t).  Schmidt  thus  calculates 
that  9336  grains  were  absorbed  by  the  Lungs,  of  which  76-5  parts  reap- 
peared, combined  with  carbon  as  carbonic  acid,  in  the  expired  air. — The 
metamorphosis  of  tissue  having  been  determined  in  this  way  for  the 
whole  period  of  18  days,  and  the  amounts  of  tlie  several  excreta  having 
been  thus  referred  to  their  origin,  we  now  proceed  to  inquire  into  the 
proportionate  amounts  of  the  different  tissues  undergoing  this  self-con- 
sumption during  the  several  days  of  &sting ;  since,  from  the  variation 
which  has  been  already  mentioned  as  occurring  in  the  nature  and  quan- 
tities of  the  excreta,  it  is  evident  that  the  consumption  of  the  animal^s 
own  tissues,  and  the  disintegration  and  discharge  of  their  products  by  the 
several  excretory  organs,  do  not  remain  the  same.  The  most  important 
of  the  conclusions  drawn  by  Schmidt  on  this  point  are — 1.  That  whilst 
the  daily  quantity  of  Fat  undergoing  oxidation,  in  a  fasting  animal, 
remains  nearly  constant ;  that  of  the  Albumen  falls  in  the  course  of  the 
first  two  days  to  one-half,  then  remains  constant  for  eight  days,  then  falls 
slowly,  and  during  the  last  two  days  diminislies  rapidly  and  considerably. 
The  exhaled  carbonic  acid  amounts  at  first  to  double,  and  at  the  close  of 
life  to  three  times  the  amount  of  the  constituents  of  the  body  decomposed, 
— a  necessary  consequence  of  the  circumstance  that  at  the  former  period 
(as  is  shown  by  the  amount  of  urea  eliminated  in  the  urine)  the  albu- 
minous compounds,  but  at  the  latter  the  fiitty  substances,  are  chiefiy 
metamorphosed.  2.  The  quantity  of  expired  aqueous  vapour  diminishes 
continually  but  unequally,  falling  more  quickly  at  the  commencement 
and  at  the  end  of  the  experiment.  The  proportion  of  aqueous  vapour 
eliminated  by  the  skin  and  lungs  to  that  discharged  by  the  urine  and 
feces  remains  constant  as  10:7.  The  absorption  of  oxygen  was  also 
found  to  diminish  unequally,  being  much  less  at  the  commencement  of 
the  period  of  inanition  and  towards  the  close  of  life.  The  quantity  of 
oxygen  expired  as  carbonic  acid  also  fell  (from  80  to  73  per  cent).  On 
the  whole,  a  fiisting  animal  loses  daily  1  per  cent  of  its  body  substance, 
calculated  as  free  from  water  ^  of  which  0*6  is  albimiinous  and  0*4  fat; 
and  as  terminal  products  of  these  substances,  plus  the  oxygen  inspired,  and 
including  the  water  normally  present,  there  are  discharged — 


2 '16  per  cent  of  the  bod/  weight  of  Carbonic  acid 
1*60        „  ,,  Aqaeoos  vapour 

0-20        „  „  Urea 

0*008        „  „  Salphnrio  add 

O'Oll        „  ,,  Phosphoric  add 

0*029        „  „  Salts 

0*08  „  ,,  Dry  Faeces,  indadiog 

0*62  per  cent  of 
biliary  matters 


By  the  Skin  and 
Lungs. 

By  the  Kidneys. 


2-24         ,,  ,,  Water. 


?' 


the  Urine  and 
Fseces. 


Bischoff  and  Voit  have  made  several  similar  series  of  researches  on  a  dog, 
after  having  previously  in  one  experiment  fed  him  well ;  in  a  second,  after 
having  gradually  diminished  the  amount  of  food ;  and  in  others,  after 
having  given  him  an  excessive  supply  of  meat  and  fat.  The  general  con- 
clusions at  which  they  arrived  were,  that  during  inanition  the  amount  of 
consumption  of  the  ammal's  own  tissue  was  dependent  upon  its  size ;  since, 
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if  it  had  boen  previonalj  wdl  fed,  it  lost  more  in  a  given  time,  and  if  it 
had  been  badly  fodj  it  lost  leas ;  living  in  the  latter  case,  as  it  were,  more 
economically.  And  further,  the  consumjition  was  fonnd  to  Hnctiiato  be- 
tween the  two  diief  1  actors  of  the  botly,  the  muscidar  tissue  and  tJie  fat, 
in  such  £1  manner  that  n  very  muscular  animal  consumed  more  He^j,  and 
a  very  fat  animal  more  ikl ;  which  result  is  attributiibla  in  jmrt  to  the 
presence  of  a  greJitcr  btdk  or  raaaa  of  the  tissue,  w^hich  is  consequently 
more  exposed  to  the  action  of  tlie  oxygen  Absorbed,  and  tmdergoea  & 
greater  amount  of  disintegration.  In  the  experiment  in  which  the  anima! 
had  been  previously  well  ied^  and  with  a  mean  weight  of  70  lbs,,  the  pny- 
portion  of  nitrogen  to  that  of  carhtin  elinrmated  was  as  1:10;  the 
fjroportion  of  nitrogen  eliminated  per  diem  for  each  1  lb,  of  body  weight 
l>eing  2*1  grains,  and  of  carlxm  40  gTains.  In  a  second  experiment^  where 
the  dog  had  previously  been  ied  on  progresaively-diminialiing  C[Uantitiesof 
meiit,  and  w^eighed  70*7  lbs.,  the  proj>ortion  oi'N,  to  C.  w^as  as  1 :  ^4,  and  there 
were  eliminated  for  each  1  lb.  of  body  weight  1*68  grains  of  N.  and  40 
grains  of  C,  In  a  third  erperiment,  where  the  dog  had  been  so  abun- 
dantly fed  tliat  its  mean  weight  throughout  the  experiment  was  85  lbs,, 
the  proportion  of  N.  to  C.  w^as  as  1 :  16^3,  the  quantity  of  N,  ehminafced 
per  diem  to  each  1  lb,  of  body  weight  being  1*54  grains,  and  2 5 '2  grains 
ol*C. — Similar  observations  have  been  made  by  Ranke*  on  himself; 
and  tlie  influence  of  diet  in  Man,  in  effecting  a  variation  in  the  composi- 
tion ol'  die  excretions,  is  weO  shown  in  the  ibliowing  table,  based  on  his 
experiments : — 


Proportion  of 

NltrofTL'n  to  Carban 

in  tbi-  «ilkv(  ivt' 

With  mix«d  food  .     *     .     .  1 :  12 

In  tuaiiitsou    .     ,     .    ,     .  1  :  IT 

Wtth  non-aitrug^iictUB  fuod  ,  1 :  25 
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mVQ  meat-diet  (4  lbs)  *  ^ 


QuMilitj  of  Nitrogen 

I'ltcTClntl  pVT  iUCRl 

i\w  nit'b  1  lb,  of  iMidjf 
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1-817 

I -000 

*788 


Quatitihf  of  r^Ttioii 

Oir.  !      '  .  -,]  for 


i57 

17-62 

53-d 


Bonke  found  in  his  experiments  that  Man  re^iuirod  more  carboni  i.e. 
more  fat  or  starch,  in  his  food  to  snpply  the  wanta  of  hia  economy,  tlian 
appeared  to  be  requisite  In  the  Dog  exjjerimented  on  by  Bischoff  and 
Voit  J  and  he  further  remarks  that  tlie  quantity  of  nitrogen  appearing  in 
the  excreta  bears  an  inverse  proportion  to  the  carbon  contained  in  tlie 
food :  consoquently^  when  the  fat  or  atjirchy  constittienta  of  the  foo<l  are 
inmiflScient,  the  albuminous  constituents  of  the  Ixnly  are  dra^^ii  upon  or 
are  consumed  to  nmintain  the  temperiiture.  Moreover,  he  believes  that 
he  has  proved  that,  filler  u  few  days  of  fluctuation  consequent  upon  change 
of  diet  J  the  whole  amoimt  of  nitrogen  ingested  in  the  food  may  bo  reco- 
vered from  the  urine  aofl  fiEcea.  lie  found  alao-^L  That  tlie  minimum 
quantity  of  urcii  (containing  neai'ly  all  the  nitrogen)  is  diaeharged  during 
hmiger*  2.  That  whilst  mere  increase  in  the  quantity  of  food,  irresjx^c- 
tive  of  its  comfjosition,  has  no  effect  in  increasing  the  quantity  of  nitrogen 
eliminated  by  the  kidneys,  an  increase  m  die  jirojiortion  of  nitrogiencus 
diet  is  followed  by  an  increased  discharge  ot'  urea,  though  this  does  not 


I 
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rise  proportionately  for  24  hours  at  least ;  the  effect,  however,  enduriDg 
for  some  time  after  the  withdrawal  of  such  food.  8.  The  same  holds  with 
regard  to  uric  acid. — In  none  of  the  experiments  performed  by  Bischoff 
and  Voit  was  any  direct  estimate  made  of  the  Carbonic  Acid  evolved  at 
the  Lungs ;  but  it  was  calculated  on  Regnault's  and  Reiset^s  average  for 
dogs,  derived  from  their  experiments,  and  no  allowance  was  made  for  the 
diminution  which,  as  has  already  been  observed,  takes  place  in  the  respi- 
ratory activity  of  festing  animals  during  the  last  day  or  two  previous  to 
death,  and  was  distinctly  stated  to  occur  by  Schmidt  This  omission 
seems  to  be  of  considerable  importance,  however,  since  it  has  been  recently 
established  by  Pettenkofer  and  Voit,  in  experiments  made  upon  the  same 
Dog  as  that  employed  by  Bischoff  and  Voit,  that  the  quantity  of  Carbonic 
acid  varies  not  only  within  very  considerable  limits,  but  that  it  bears  no 
definite  relation  to  that  of  the  Nitrogen  discharged.  In  their  experiments, 
whilst  the  quantities  of  nitrogen  eliminated  as  urea  varied  imder  different 
circumstances  as  1 :  13,  that  of  carbonic  acid  only  varied  as  1 :  2*7. 

322.  The  conclusions  arrived  at  by  Bischoff  and  Voit  upon  the  effect 
of  feeding  their  Dog  on  pure  meat-diet  are  especially  interesting.  They 
found  that  in  order  that  tjie  animal  should  neiUier  lose  nor  gain  in  weight, 
a  daily  supply  of  meat  equal  to  firom  l-20th  to  l-25th  of  the  whole  weight 
of  its  body  was  required  (a  much  smaller  proportion  than  that  foimd 
requisite  by  Bidder  and  Schmidt  in  the  experiments  on  the  Cat) ;  and 
that  if  less  than  tliis  were  supplied,  a  loss  of  weight  took  place  in  conse- 
quence of  tlie  animal  consuming  some  of  its  own  flesh  and  fat;  whilst  if 
more  than  this  proportion  were  supplied,  a  gain  in  weight  occurred.  But 
to  produce  a  daily  increase  in  weight — a  constantly  increasing  weight — a 
relatively  larger  proportion  of  food  was  continually  required,  xmtil  at  last 
a  maximtun  was  attained ;  the  animal  then  loathed  its  food,  consumed  no 
more,  and  rapidly  returned  to  its  standard  weight  At  the  same  time 
they  found  that  the  quantity  of  meat  which  the  dog  required  to  cover  loss 
on  the  one  hand,  and  to  form  flesh  on  the  other,  varied  always  with  the 
mass  of  the  body.  In  the  well-fed  animal,  therefore,  it  required  more, 
in  the  badly-fed  less,  to  produce  the  same  effect.  They  further  con- 
clude that  when  large  quantities  of  meat  are  consumed,  the  products 
of  its  retrogressive  metamorphosis  take  up  or  combine  with  the  oxygen 
of  the  blood,  and  that  thus  the  £it  of  the  animal  is  spared ;  the  animal's 
temperature  being  sufliciently  maintained  by  the  combustion  of  the 
secondary  products  of  the  disintegration  of  the  albimiinous  compounds. 

323.  Tlie  results  of  the  addition  of  fat  to  the  food  of  a  carnivorous 
animal  also  possess  a  high  degree  of  interest.  Bischoff  and  Voit  foimd 
that  in  inanition  about  3860  grains  of  muscular  tissue  underwent  meta- 
morphosis in  their  dog  per  diem,  as  indicated  by  tlio  quantity  of  nitrogen 
in  the  urine ;  whilst  when  from  ^  to  |  lb.  of  fat  was  daily  given,  the 
quantity  of  nitrogen  eliminated  only  indicated  a  metamorphosis  of  8184 
grains  of  the  albuminous  constituents  of  the  body.  In  like  manner  it 
was  found  that  if  the  animal  were  placed  on  a  diet  of  meat  so  sparing  as 
to  be  insuflicient  to  maintain  it  at  its  full  weight,  and  therefore  to  neces- 
sitate the  consiunption  by  the  animal  of  its  own  body,  the  addition  of  fat 
to  the  food  immediately  diminished  tlie  quantity  of  its  own  body-flesh 
consumed  ;  and  yet  again,  if  fat  were  freely  given,  a  much  less  quantity 
of  meat  was  required  to  maintain  the  animal  at  its  full  weight,  than  if  it 
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weto  fed  on  meat  alone.  From  all  these  experimenta  it  is  clear  that,  as 
Biachotf  and  Volt  conclude,  the  fat  exerts  a  protective  influence  over  the 
albuminous  tiaamea^  sparing  tlieir  conautnption  or  oxidation  by  its  own 
greater  aflSjiity  Ibr  oxygen  j  so  that,  wliereas  during  uianition,  insufllcient 
meat- diet,  or  sufficient  diet  of  meat  Jree  from  tatj  the  hea.t  of  the  animal 
ia  maintained  at  the  expense  of  tlie  oxidation  of  the  albuminous  tissue^ 
and  the  products  of  their  retrogressive  metamorphosis, — wlien  fat  is  added 
to  tlie  food,  its  direct  combustion  takes  up  t!ie  oxygen,  and  preventa  its 
action  on  the  nitrogenous  tissnea.  It  even  sjmrea  its  action  on  the  ani- 
niars  own  fat ;  since  this,  being  stored  up  in  vesicles,  is  less  accessible 
to  the  action  of  oxygen  tlian  the  free  tat  contained  in  the  blood.  More- 
over, it  appeared  tliat  if  increased  quaiititiea  of  meat  were  supplied  with 
the  addition  of  abundance  of  fat,  an  increase  in  die  quantity  of  nitrogen 
was  observed,  just  as  when  increased  profjortions  of  pure  fat  free  from 
fleah  were  adminiHtered.  From  this  Bischotf  t*nd  Voit  conclude  that  the 
lat,  besides  sparing  tlie  tissues,  exerts  a  second  in^uence,  tliat  of  aiding 
their  metamorphosis  j  and  that  the  products  of  the  metamorphofits  of 
these  albuminous  constituents,  after  having  formed  tissue,  acciunulating 
in  the  blood,  take  up  the  03sygen,  even  though  the  fat  be  ako  present.  A 
much  aimpler  expLmation,  however,  apj^ears  to  be,  tliat  in  these  experi- 
ments, aftror  the  condition  of  eqnilibrinm  between  tJie  food  supplied  and 
the  requirements  of  tlie  tissues  had  been  atti*ined,  the  extra  or  surplus 
albuminous  cumpouuds  undergo  direct  oxidation  in  the  blood ;  imd  thus, 
together  with  tlie  iat,  minister  to  the  maintenance  of  the  temperature  of 
the  animal,  whilst  their  nitrogen  is  discliarged  as  urea;*  Whilat,  there- 
fore, a  certain  pro|x>rtion  of  fat  in  the  food  diminishes  tlie  quantity  of 
nitrogenous  diet  required,  we  can  readily  imderstand  thai  in  order  to 
&tten  an  animal  a  certain  and  indeed  a  large  proportion  of  albuminous 
material,  together  with  &tf  must  be  supphud  in  the  food ;  ibr  not  only 
is  such  nitrogenous  material  requisite  for  the  maintenance  of  the  cardiac, 
respiratory  J  and  other  movements,  but  the  products  of  its  retrogxesfflve 

*  It  ij  Important  hero  to  notice  that  Biscboff  and  Volt  assume  th&t  aU  the  Kitrugea 
of  the  aba^rbed  f^K»i1  ia  directly  applied  to  tbe  formation  of  tifiuue^  luidi  indeed^  of  luas- 
cuiar  tissue  ;  eecondlj^  that  rkll  the  nltrcgea  excreted  proceeds  from  the  motaniorphusis 
of  tnuflcular  tissue  ;  aud  third Lj,  that  nearly  the  wht>le  of  the  nitrogen  proceeding  from 
such  dmniegmted  tnnftcle  is  discharged  bj  the  kidneys  oa  Urea;  a  certain  maoM  pro* 
portion,  bearing  a  definite  ratio  to  the  body>weight,  and  iad^iieadent  of  the  c[nantity  cif 
the  food,  bfllag  eliminated  by  other  orgasjif  as  perbapi^  by  tlic  Skin  aad  LangB^  under 
the  form  of  Carbonate  of  Ammonia.  Bat  it  ia  well  known  that,  iadepenElently  of  the 
nerroas  and  gland uint  tisanes  (^ontaitiing  nitrogen  oa  an  essentuil  oouBtitnertt,  and  there- 
fore eUmitjatiug  it  during  the  diatntegration  consequent  on  tbdr  rital  actlrlty,  a  certain 
proportion  of  nitrogen  is  di^harged  Ly  the  skin  throu^b  the  desquamation  of  epttheliai 
scales  and  the  growth  of  hair,  &e.  ■  whlLet  even  in  the  urine  itselli  besides  the  ureo^ 
^'arious  ether  compounds  oontaining  ni tinmen  are  present.  How,  although  the  eontin^ 
gent  of  eaoh  of  these  ia  smallj  yet  in  the  a^ggregaie  tbey  mayj  and  m  mauy  iastaucei 
pttibably  do,  amount  to  a  coaaiderable  quantity  ;  and  tbua  it  happens  that  acme  experi- 
mentera  have  found  a  remarkabk  defidency  in  the  amouDt  of  nitrogen  exerated,  aa  eom- 
parsd  with  that  wllch  had  been  ingested,  when  the  urea  alone  baa  been  taken  into 
account,  Thus  Lebinanu,  on  a  purely  animal  diet  (egga),  only  teeorered  i  5th r  of  the 
nitrogen  from  his  urine  ;  and  Schmidt  found  a  deticieucy  of  nearly  one^balf  in  some  of 
bii  expffrimenta.  Hoppe  baa  also  shown  that  an  extraordinarily  dlSerent  amount  of 
nitrogen  k  recoTerable  from  the  urines  aooordiag  to  the  nature  nf  the  food  r  wbea  this 
waa  purely  animal,  nenrly  5*fit}iB  of  the  nitrogen  waa  eliminated  by  the  urii^e ;  hut 
when  a  large  quantity  of  sugar  waa  admlnixterod  with  the  bome  quantity  of  meat,  rery 
Jitllfi  more  ihan  one-^balf  of  tbe  nitrogan  oouhl  b&  recoT«redp 
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metamorphosis,  by  combining  with  oxygen,  spare  the  &t  of  the  food  and 
of  the  tissues,  and  enable  the  former  to  be  deposited  in  the  body.  And 
this  view  is  corroborated  by  the  observation  of  Pettenkofer  and  Voit,  that 
if  a  large  quantity  of  meat  were  taken,  the  entire  quantity  of  carbon  con- 
tained in  it  was  not  found  in  the  expired  air ;  but  on  the  other  hand,  the 
whole  amount  of  nitrogen  re-appeared  in  the  urine,  whence  it  seems 
probable  that  &t  was  deposited.*  Sugar  and  starch  consimied  with  a 
meat-diet  seem  to  operate  in  precisely  the  same  manner  as  &t,  except  that 
their  action,  in  combining  with  oxygen,  and  thus  sparing  both  the  adipose 
and  nitrogenous  tissues,  is,  in  consequence  of  their  greater  affinity  for 
oxygen,  still  more  marked  than  &t ;  and  if  large  quantities  of  sugar  be 
given  with  sufficient  albumen,  a  deposition  of  fat  invariably  takes  place. 

324.  The  differences  which  exist  between  Camivora  and  Herbivora,  in 
regard  to  the  mode  in  which  the  constituents  of  the  Ingesta  are  distri- 
buted through  the  excretions,  is  well  shown  in  the  following  table,  which 
represents  the  estimate  deduced  by  Bidder  and  Schmidt  from  their  ob- 
servations upon  a  full-grown  Cat,  which  was  allowed  for  a  week  as  much 
meat  as  it  could  eat,  and  the  results  obtained  by  Valentin  from  the  obser- 
vations of  Boussingault  upon  a  Horse. 


Faces. 

Urine. 

Palmonary  and  Cota* 
neons  Exhalation. 

Of  100  parts  of 

Cat 

Hone. 

Cat 

Horse. 

Cat 

Horse. 

per  cent 

per  cent. 

per  cent 

per  cent. 

per  cent 

per  cent 

Water       .... 

1-2 

61-8 

82-9 

5-9 

15-9 

82-3 

Carbon 

1-2 

84-6 

9-6 

2-7 

89-4 

62-7 

Ilydrogeii  . 

1-1 

40-3 

28-2 

2-6 

76-6 

67-2 

Nitrogen   . 

0-2 

56-7 

99-1 

27  1 

0-7 

17-2 

Oxygen     . 

0-2 

41-4 

4  1 

10 

96-7 

57-6 

Ashes.      .    , 
Sulphur    . 

92-9 
60-0 

1  85-6 

7  1 
60-0 

16-2 

— 

— 

The  first  and  most  remarkable  feature  of  difference  between  these  two  sets 
of  results,  is  the  very  large  proportion  which  the  faecal  discharges  of  the 
Horse  bear  to  the  other  excretions;  this  obviously  proceeds  from  the  in- 
digestibility  of  a  large  part  of  the  alimentary  substances  it  consumes. 
Of  the  water  taken  into  the  alimentary  canal  or  formed  within  the  body, 
nearly  two-thirds  passes-off  with  the  fseces  in  the  Horse,  whilst  nearly 
the  whole  is  absorbed  in  the  Cat :  and  of  that  which  is  absorbed  by  the 
Horse,  little  more  than  one-seventh  passes  into  the  urine,  the  remainder 
being  exhaled  from  the  lungs  and  skin ;  whilst  in  the  Cat,  the  pro- 
portion which  passes-off  by  the  skin  is  less  than  one-sixth  of  that  which 
is  absorbed,  the  remainder  being  eliminated  by  the  urine.  Of  the 
carbon  taken  into  the  system,  a  relatively-larger  proportion  passes-off 
by  the  lungs  in  the  Horse,  while  a  relatively-larger  proportion  enters 
the  urine  in  the  Cat :  this  is  probably  because  the  great  bulk  of  the 
carbon  in  the  food  of  the  Horse  exists  in  those  non-azotized  compoimds, 
which  can  be  readily  converted  by  oxygenation  into  carbonic  acid  and 
water,  and  which  consequently  yield  little  or  nothing  to  the  urine; 
whilst  those  products  of  the  decomposition  of  albuminous  substances  which 

•  See  Sjd.  Soc  **  Year-Book,"  1862,  p.  28. 
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pfljsB  into  the  urme,  though  especially  rich  in  nitrogen,  carry  with  them 
u  certain  iiieftsnre  of  carbon  into  that  excretion.     It  ia  probjiblj  for  tiie 
e*ime  reason  tJiat  the  amount  of  hydrogen  is  rdativelj  larger  in  Uia 
piilmoniiry  exlialation  of  the  Horse,  and  in  tlie  lu-intiry  excretion  of  tli© 
Cat.     On  tlie  other  hand,  we  see  that  whilst  the  nitrogen  of  the  food  is 
almost  exclumvely  eliminated  through  the  urine  in  the  Cat,  as  mu42h  i» 
40  per  cent  of  tliat  which  has  been  absorbed  into  tho  ay  stem  passes^off 
by  the  lungs  and  §kin  in  the  Ilorae,     Nearly  the  whole  of  the  oxj/ffaif 
m  each  case,  paaaes^off  by  the  lungs ;  Uie  relatively -larger  proportion  in 
the  urine  of  the  Cat  being  due  to  the  greater  aiuomit  of  those  products 
of  decomposition  of  albuminous  suhstancea  into  wliich  oxygen  entera. 
That  half  of  the  sulpkar  contained  in  the  food  of  CarnivorB  should  jjasa 
off  Ln  the  feces  in  an  UBOxidi^ed  or  imperfectly -oxidized  state,  and  that 
tiie  other  half  alioiild  lie  excreted,  chiefly  in  the  CJDndition  of  Bidpliatos, 
formed  by  the  oxidation  of  the  fiulphur  and  by  its  conibination  with 
alkaline  bases,  is  a  fact  of  great  interest,  in  contiection  with  the  question 
of  the  ultimate  destination  of  the  btle.     For,  with  the  exception  of  the 
small  amount  of  sujphiu'  contained  in  the  luidigested  residue  of  the  food, 
the  sulphur  of  the  fa?ces  muat  be  entirely  derived  from  the  bile,  of  which 
secretion  it  ia  an  important  constitaent.     But  of  the  bile  which  is  poured 
into  the  alimentaiy  canal,  a  large  port  is  certainly  re-absorhed  (§  1*J3), 
its  constituents  being  destined  to  tmdergo  oxidation,  and  to  be  elimi- 
nated, for  the  most  part,  by  the  respiratory  process ;  and  it  ia  probably 
from  this  re -absorbed  portion  of  the  bile,  that  tlie  sulphur  of  the  urine 
is  derived.     It  appeared  from  other  experiments  perfonned  by  Bidder 
and  Schmidt,  that,  when  the  bile  was  not  allowed  to  flow  into  the  inies- 
tinal  tube,  but  was  collected  from  biliary  fistulEB,  from  10  to  12  per  cent 
of  the  absorbed  e^irbon,  and  from  11  to  13  jjcr  cent  of  the  absorbed 
hydrogen t  passes  into  the  biliary  excretion :   neitlier  the  solids  of  the 
fmc&Bj  however,  nor  those  of  the  urine,  were  sensibly  affected  by  the 
abnormal  removal  of  tha%  conatituenta,  which  fell  entirely  upon  tlie 
products  of  respiration,  these  being  diminished  to  that  amount.     Hence 
it  seenia  obvious,  tliat  although  only  haJf  of  the  sulphur  is  faiken-up  iigain, 
nearly  tlie  whole  of  the  hfdrQQarbonacmiis  part  of  the  bUe  must  be  re- 
absorbed, to  be  finally  eliminated  by  the  respiratory  process ;  so  that  we 
may  oonaider  the  entire  of  these  constituents  absorl>ed  from  the  food, 
that  remains  aAer  tiie  separation  of  the  components  of  tlie  unne,  as 
being  finally  separated  from  tlie  body  by  tho  respiratory  prooeffl.     Ac- 
cording  to  Bidder  and  Schmidt,  100  parts  of  diy  flesh  are  decomposed  in 
the  living  body,  with  the  co-operation  of  1C7  parts  of  oxygen  obtained 
from  tho  atmosphere,  into  31   parts  of  urinary  subatancea,  2  ptrts  of 
ffccal  matter,  182  ptirts  of  carbonic  acid,  and  52  parta  of  aqueous  vapour. 
Nearly  the  Siime  relative  proportions  are  presented  when  the  waste  of 
tissues  is  not  supplied  by  new  alimentary  matter,  as  exist  when  Uie  animtd 
is  kept  on  a  fle8li*diot ;  so  that  we  may  regar^l  thase  fis  representing  t!ie 
destination  alike  of  the  products  of  the  ultimate  metamorphosis  of  the 
tissues  of  the  Hving  body,  and  that  of  the  products  of  decomposition  of 
superfluous  or  una^imilated  aliment  of  the   Carnivorous  animal.     In 
the  Herbivorous  aninml,  on  the  other  hand^  only  a  small  \mxt  of  whosii 
aliment  ih  albuminous  in  ita  composition,  the  propcjTtion  just  stated  will 
apply  only  to  that  part,  and  to  the  producia  of  the  ultimata  metamor< 
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phosis  of  its  tissues;  since  the  whole  of  the  hydrocarbonaceous  components 
of  its  food,  whether  saccharine  or  oleaginous,  are  eliminated  by  the  pul- 
monary and  cutaneous  exhalation.  Thus,  then,  we  see  that,  throughout 
life,  a  continuous  interchange  of  material  takes  place  in  the  very  substance 
of  the  tissues,  and  that  new  material,  derived  from  without,  is  being  con- 
stantly laid  down  to  replace  the  old  and  effete  substance,  which,  in  the 
act  of  developing  force  in  one  form  or  another,  undergoes  oxidation,  and, 
as  we  shall  immediately  see  (§  327),  is  then  taken  up  by  the  circulating 
ciurent,  to  be  removed  by  the  excretory  organs.  In  the  earliest  periods 
of  life,  how  active  soever  the  oxidizing  processes  may  be,  the  power  of 
the  fabric  to  seize  and  apply  the  substances  employed  as  food  is  superior, 
and  the  results  are  seen  in  the  processes  of  growth  and  development.  In 
adult  life  the  balance  is  more  equably  preserved,  and  all  the  faculties  of 
the  body  attain  their  highest  state  of  efficiency.  But  in  old  age,  with  the 
increasing  debility  of  all  the  vegetable  processes,  with  diminished  ca- 
pability of  absorption,  diminished  energy  and  rapidity  of  the  circulating 
current,  with  more  compact  and  drier  tissues  there  comes  to  be  a 
gradual  deficiency  in  the  processes  of  nutrition,  until  at  length  the  body 
ceases  to  be  able  to  nourish  itself,  the  waste  is  greater  than  the  supply, 
and  the  death  of  extreme  old  age  may  be  justly  compared,  in  the  wasting 
oftentimes  preceded  by  the  degeneration  of  the  tissues  and  the  gradual 
failure  of  the  temperature,  to  death  by  inanition. 

325.  Of  all  the  constituents  of  the  body,  none  are  of  more  complex  che- 
mical composition,  and  undergo  more  numerous  and  varied  changes,  than 
Albumen.*  The  relations  which  this  substance  bears  to  the  living  body  are 
of  the  most  important  and  fundamental  character;  since,  as  elsewhere 
shown,  it  is  the  original  ^o^i/Zww  at  the  expense  of  which  all  the  solid  tissues 
are  generated,  whilst  it  also  affords  the  material  for  the  production 
of  the  fibrin,  the  globulin,  and  the  hsmatin  of  the  Blood.  It  ap- 
pears, however,  to  be  itself  entirely  destitute  of  formative  capacity; 
for  in  no  exudation  which  is  purely  serous  do  we  ever  trace  the 
slightest  indication  of  organization  ;  and  its  conversion  into  the  various 
kinds  of  tissue,  therefore,  must  be  entirely  due  to  their  own  power  of 
appropriating  and  transforming  it.  The  great  function  of  the  Albumen 
of  the  blood,  then,  is  to  supply  the  material  for  these  various  transforma- 
tions ;  and  we  accordingly  find  that  whatever  other  changes  the  fiuid  may 
undergo,  whether  it  loses  its  fibrin  or  its  red  corpuscles,  or  both,  albumen 
is  still  present  in  abimdance.  Its  ultimate  source  is  to  be  foimd  in  the 
food ;  but  the  serous  liquid  which  percolates  the  tissues  of  the  body  may 
be  regarded  as  a  reserve-store,  to  be  drawn-upon  in  case  of  need,  fur- 
nishing albumen  to  the  blood  when  it  might  otherwise  be  deficient ;  and 
thus  perhaps  it  is,  that  abstinence  or  repeated  losses  of  blood  do  not 
produce  the  degree  of  depression  in  the  proportion  of  albumen,  which 
might  be  expected  from  the  very  marked  reduction  they  effect  in  that  of 
the  corpuscles.  When  an  excess  of  Albuminous  matter  is  ingested  as 
food,  the  injurious  effects  which  might  follow  the  too  great  augmentation 
of  this  constituent  of  the  Blood,  appear  to  be  averted  by  the  readiness 
with  which  it  undergoes  retrograde  as  well  as  progressive  metamorphosis ; 
for,  if  not  speedily  subjected  to  the  latter  change,  it  appears  to  be  affected 

*  The  formula  given  for  it  by  v.  Gorup^Besanez  being  C„,  H,„  N,^  S,  0^. 
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by  decomposing  agiencies,  and  to  be  eliminated  from  the  system  by  the 
excretory  apparatua,  under  the  form  of  urinary  and  biliary  matter, 

326.  Dmnteijrathn  of  Alhumen. — Origin  of  Urea  and  Uric  Acid, — 
From  Yiirioua  conaiderationB  it  would  appear  that  the  albuminouB  conj- 
pounds  u\  their  retrograde  nietomorphosea  are  capable  of  breakiug-iip  into 
two  groups  of  substanoes,  of  which  one  contains  the  whole  of  the  nitrogen, 
whilst  the  other  la  composed  of  carbon,  hydrogen,  and  oxygen  aJone, 
The  former  are  ultimately  eliminated  from  the  body  as  urea  or  some 
analogous  compoimd ;  the  latter  are  discharged  in  the  form  of  carbonic 
acid  and  water.  Of  the  former  series,  we  tnow  that  whilst  Leucin 
(C„  H„  NO  J,  Tyrosmo  (C,,  H,,  NOJ,  and  Glycine  (C,  H,  NO  J,  can  be 
artificially  farmed  by  the  action  of  alkalies  or  acida  upon  allmmen^  or 
even  appear  during  its  epontaneous  decomposition }  these  same  substances 
can  also  be  obtained  from  various  tissues  of  the  body,  and  are  alwiiys 
most  abundant  in  those  organs  in  which  interstitia!  changes  are  most 
ajctive,  as  in  the  Bpleeu  and  liver**  From  nauacular  tissue,  again, 
Inofiinic  Acid  (C^^  H^  N,  0^^,),  Creatine  (C^  H^^  N^  0^),  and  the  urinary 
constituent  Creatinine  {C^  11^  N^  0  2),  can  be  directly  obtained-  The 
relation  of  Inoatnic  Acid  to  Uric  Acid  and  Urea  is  very  intimate; 
whilst  as  regards  Creatine,  the  recent  researches  of  Sarokowf  indicate  that 
during  active  rauscular  exertion  it  is  converted  into  Creatinine,  or  at  all 
events  that,  in  muBclea  exhausted  by  action,  a  greatly -in  creased  proportitjn 
of  Creatinine  is  generated;  and  it  is  welJ  known  that  both  of  them  are 
readily  convertible  by  chemical  agents  into  Urea.f 

327.  The  interesting  and  important  question  of  the  origin  of  Urea  haa 
been  the  subject  of  much  recent  controversy,  and  may  here  be  appro- 
priiite ly  considered.  Two  views  have  beea  entertained,  and  the  partisans 
of  4i^«L  ht^ve  numbered  some  of  the  most  distinguished  Chemists  and 
Phj^Bmi^  of  the  present  day*  According  to  one  view,  Urea  is  to  be 
OonddeEid  as  the  result  of  the  disintegration  or  waste  of  nitrogenous 
tissues  alone;  and  since  the  muscles  contain  the  greatest  part  of  the 
nitrogen  existing  in  the  body,  and  urea  contains  far  the  greater  propor- 
tion of  all  the  nitrogen  excreted,  it  follows  that  the  quantity  of  Urea 
eliminated  ought  to  be  a  tolerably  accurate  measure  of  the  metamorphosis 
of  muscular  tissue.  In  support  of  this  view  may  be  urged  the  fact^  that  if  au 
animal  be  starved  to  death,  urea  continues  to  appear  even  to  the  last  hour, 
the  nitrogenous  tissues  at  the  same  time  gradually  dimiiiisliing  in  weight. 
But  a  starving  animal,  as  already  shown  (§  bS)^  is  an  animal  feeding 
upon  animal  diet|  for  it  is  living  upon  itself;  and  it  is  therefore  reasonable  to 
suppose  that  all,  or  nearly  aLl|  the  albumen  of  the  blood  is  applied  to  the 
maintenance  and  nutrition  of  tissue,  which,  after  undergoing  several  inter- 
metliate  changes » is  ultimately  discharged  from  the  system  in  the  form  of 
Urea.  Bischoff*and  Yoit  found  that  a  dog  fed  on  from  23, ICO  to  27,792 
grains  of  meat  per  diem,  eliminated  more  nitrogen,  in  the  form  of  nrea^ 
than  was  contained  in  its  food ;  whence  they  conclude  that  the  food  was 
not  only  wholly  applied  to  the  nutrition  of  the  tissues,  but  that  a  portion 

*  Glycine  has  not,  indeed,  been  obUhied  m  tLc  separate  Btat«p  but  it  ^Qters  into  the 
^mpoBitioQ  of  the  glyeochoUc  JW?id  of  the  bile.  The  further  decompoaition  of  leadn 
la  the  laboratoiy  bj  fermei^tation  and  oxidizing  Agenta,  ji^ldft  tba  Tolatile  fatl.;  ocidA 
ATid  ammonia  well  known  to  occur  in  gkadukr  organs  and  in  the  blood« 

t  "  Vkfihow'B  Arebiv/*  1863,  p.  544,         t  Fownet*  **  Chemiitt^/'  1861,  p,  670. 
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of  the  body  itself  must  have  been  used  for  the  performance  of  the  work 
constantly  going  on  in  the  economy,  as  the  movements  of  the  heart, 
respiration,  &c.  With  27,792  grains  of  meat,  the  amount  of  nitrogen  in  the 
urea  discharged  equalled  that  of  the  food,  and  the  weight  of  the  animal 
remained  stationary ;  it  had  thus  no  occasion  to  use  any  of  its  own  tissue. 
Lastly,  if  the  animal  consumed  30,880 — 38,660  grains  in  24  hours,  there 
was  increase  of  weight  in  the  body,  and  subsequent  increase  in  the  quantity 
of  urea ;  simply,  according  to  Bischoff,  because  there  was  then  an  in- 
creased mass  of  the  body  from  which  it  might  proceed :  the  animal  being 
at  the  same  time  capable  of  greater  exertion,  whilst  the  expenditure  of 
internal  force,  such  as  that  required  to  drive  the  increased  mass  of  blood, 
&c.,  was  proportionably  increased.     Again,  facts  in  Pathology  seem  at 
first  sight  to  support  this  view ;  for  it  has  been  shown  that  the  amount  of 
urea  excreted  daily  is  usually,  though  not  constantly,  increased  in  febrile 
diseases ;  and  when  it  is  borne  in  mind  that  comparatively  little  food  is 
taken  under  such  circumstances  and  little  exertion  made,  the  increase 
must  be  wholly  attributed  to  the  account  of  the  more  rapid  wasting  of 
the  tissues.     Thus  Vogel  and  Wamecke  foimd  that  in  a  case  of  typhoid 
fever,  no  less  than  1065^  grains  of  urea  were  excreted  daily,  or  nearly 
double  the  usual  average,  and  in  a  case  of  pytemia  the  extraordinary 
quantity  of  1235|  grains.     When  the  fever  is  over,  the  quantity  of  urea 
falls  below  the  normal  amoimt,  in  spite  of  the  augmented  quantity  of 
nitrogenous  food  ingested,  which  is  doubtless  appropriated  to  the  repair 
of  the  wasted  tissues ;  and  it  then,  after  perfect  recovery,  retiuns  to  the 
physiological  standard. — Strong  as  these  arguments  appear  to  be,  a  second* 
view,  which  was  advanced  in  this  work  many  years  ago,  has  of  late  been  . 
steadily  gaining  groimd;  namely,  that  the  amoimt  of  Urea  in  th\  Urine 
can  only  be  regarded  as  a  measure  of  the  metamorphosis  of  ti^^when 
no  more  food  is  ingested  than  is  required  to  compensate  for  that  meta- 
morphosis ;  any  histogenetic  matter  which  escapes  assimilation  through 
not  being  required  in  the  system,  being  normally  decomposed  (con- 
stituting the  so-called  *Luxus  consmnption'  of  recent  German  writers), 
and  its  azotized  portion  being  eliminated  through  this  channel.     Many 
facts  seem  to  show  that  this   is  a  correct  expression  of  the  mode  of 
origin  of  urea.     Thus  we  may  account  for  the  immediate  increase  in  the 
amount  of  urea  after  the  employment  of  nitrogenous  food  (as  sliown  in 
Dr.  Edward  Smith's  experiments,  see  chap,  on  Urine),  and  for  the  results 
obtained  by  Lehmann,  that  the  quantity  excreted  daily,  when  no  azotized 
matters  were  consumed,  and  when  the  excretion  was  simply  a  measure 
of  the  metamorphosis  of  tissue,  was  not  above  half  that  excreted  upon  an 
ordinary  mixed  diet,  and  only  2-7ths  of  that  which  was  passed  when  the 
diet  was  purely  animal.     Again,  Voit  foimd  that  after  a  full  meal  of  meat 
and  eggs,  the  quantity  of  urea  rose  till  the  7th  hour,  and  was  even 
greater  at  the  16th  hour  than  before  the  meal.      It  would  certainly  here 
seem  more  probable  that  some  of  the  albuminous  matters  were  directly 
decomposed  in  the  blood,  than  that  they  were  applied  to  the  nutrition  of 
the  nitrogenous  tissues,  causing  the  (fischarge  of  so  large  a  quantity  of 
old  tissue  as  urea.     Moreover,  Messrs.  Gilbert  and  Lawes*  have  shown 
that  in  &ttening  pigs,  by  far  the  larger  proportion  of  nitrogen  consumed 

•  ««PhU.  Trans.,"  1859,  p.  564. 
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in  the  fiitteaing  food  passes  off  in  tlie  form  of  urea.  This  occurred  in 
animals  kept  in  a  state  of  almoat  perfec:t  rest ;  nnd  hence  it  is  reasooable 
to  auppose  that  that  nilrogenona  food  which,  if  the  animal  had  been  io 
full  activity,  would  have  supplied  tlie  waste  of  tissue,  was  in  its  inactive 
state,  with  it3  muscles  in  a  condition  of  &ttj  degeneration  ^  consumed  iii 
the  bloodj  in  eitlier  case  urea  being  the  terminal  product.  The  experi- 
meutB  of  Hammond^  have  ftirther  clearly  shown  that,  although  when  he 
consumed  purely -olbuminona  food  there  waa  a  great  increase  in  tlie 
amount  of  urea,  there  was  at  the  same  time  a  great  diminution  of  liia 
physical  strength ;  which  seems  incompatible  witii  the  idea  of  that  active 
metamorphosis  of  fcissue  which  must  be  supposed  to  tiike  place  if  we  con- 
ceive the  albumen  to  become  assimilated  and  replace  old  and  effete 
material,  whilst  it  is  perfectly  intelligible  if  we  adopt  the  view  that  the 
alhumen  underwent  disintegration  in  the  blood  itaelf  The  concliisiona 
of  Prof  Hanghtonf  on  tliis  point,  in  reference  to  the  phenomena  of 
Biabetes,  are  of  much  interest,  not  only  ui  reference  to  the  production  of 
urea^  but  also  to  the  formation  of  lion-nitrogeiious  material  (sugar)  from 
^e  disinteg^^on  of  albumen  in  the  blood ;  for  he  has  shown  it  to  be 
highly  probable  tliat  at  least  half  the  sugar  eliminated  is  derived  fi'om 
the  direct  decomposition  of  albuminouii  substanoeB,  before  their  applica- 
tion to  the  formation  of  tissue,  or  at  all  events  before  they  are  used-up 
in  the  performance  of  work.  In  support  of  this  statement  he  adduces  tlie 
well^efftabhshed  fact,  that  even  when  all  starchy  matters  are  carefully 
excluded  from  the  diet,  sugar  still  appears  in  the  urine;  further,  that  in 
^abetes  tliere  is  not  only  an  abnormal  proportion  of  sugar  in  the  urine, 
but  that  the  quantity  of  urea  is  also  greatly  increased — a  point  which  has 
been  very  geaerally  overlooked ;  and  he  remarks,  tliat  very  simple  chemi- 
cal formuk&  will  explain  the  formation  of  Sugar  and  Utea  fram  Protein* 
Thufr— 

1  Bq.  PaoTKiit  (Cj„  II,j  N^  0^)  +  3  0  +  23  HO  +  4  CO, 
=  3  GJ.T0OSS  C„  Hj^  0„  +  2  Djuu  C,  H^  N,  0,. 

Now,  Btnce  the  exereta  from  the  lungs  and  kidneys  give,  in  the  corbotiic 
acid  and  urea  tliey  contain,  a  measure  of  the  amomit  of  metamorphosia 
of  tiaaueT  as  well  as  of  the  dlaintegration  of  albumen  or  surplus  conaump* 
tion^  and  since  these  are  im usually  great  in  diabetic  patients^  though  such 
pitients  are  in  a  condition  of  extreme  torpor  both  of  mind  and  body,  the 
quantity  of  food  which  they  consume  being  at  the  same  time  extraordi- 
narily large ;  it  seems  a  not  unreasonable  conclusion  from  these  facts, — 
tlie  large  consumption  of  food,  the  small  amount  of  work  donCi  and 
tlie  appearance  in  the  excreta  of  the  products  of  the  simple  disinte- 
gration of  the  albuminous  constituents  of  the  food, — that  the  foodj 
from  some  fault  in  die  assimilating  processes,  is  couverted  not  into 
tissue,  to  the  construction  of  which  it  should  properly  proceed,  but 
into  those  secondary  products,  Glycose  and  Urea,  which  are  imme- 
diately eliminated  from  the  system,  partly  by  the  itrngs^  and  partly  and 
chierty  by  the  kidneys.  MoreoTer,  there  are  some  substances  which,  when 
ingested  J  give  rise  to  increased  excretion  of  urea^  and  yet  do  not  seem  to  \m 
themselves  capable  of  conversion  into  tissue^  such  aa  Glycin,  Alloxan  tin 

•  **  Kxperimentfl  cm  Dig^t,"  p.  £7.         t  '*  DnUia  Medp  Joarn,,"  1861,  p.  272. 
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Tbein  ?  Uric  Acid,  and  even  Gelatin :  in  these  instances  we  must  suppose 
that  the  decomposition  takes  place  in  the  blood  itself.  As  r^ards  the 
effects  of  muscular  exertion,  which  were  stated  bj  Lehmann  and  Simon  to 
increase  largely  the  proportion  of  urea  in  the  urine,  and  bj  the  latter 
observer  even  to  double  it,  it  would  appear  from  the  far  more  extended 
and  accurate  observations  of  Dr.  Edward  Smith  and  Voit  that  this  is  not 
borne  out  bj  experiment,  and  that  in  reality  even  violent  and  prolonged 
muscular  exertion  occasions  a  comparatively  trifling  increase  in  the  urea, 
though  greatly  increasing  the  excretion  of  carbonic  acid. — There  appear 
to  be  good  groimds  for  believing  that  the  formation  of  uric  acid  precedes 
that  of  urea.  Stokvis*  observed,  that  on  warming  the  alkaline  urates 
with  portions  of  finely-divided  liver,  a  large  proportion  of  the  acid  dis- 
appears and  is  replaced  by  urea,  whence  he  suggests  that  the  metamor- 
phosis ordinarily  occurs  in  the  liver.  Kanke,  on  nearly  the  same  grounds, 
argues  for  its  formation  in  the  spleen.  Again,  it  has  been  shown  by 
Neubauer,')'  not  only  that  urea  can  be  artificially  formed  from  uric  acid  by 
the  action  of  oxidizing  agents,  but  that  if  uric  acid  be  mingled  with  the 
food  of  rabbits,  there  is  a  great  increase  in  the  amoimt  of  urea  discharged. 
Its  composition  (Cj^  H^  N^  O  )  shows  a  very  intimate  relationship  with 
Xanthine  (C^^  H^  N^  OJ,  and  with  Sarkin  (Cj^  H^  N^  O  );  and  it  would 
thus  appear  to  be  one  of  the  last  stages  of  oxidktion  of  wese  products  of 
retrograde  metamorphosis.  From  hence  we  may  deduce  the  principle, 
which  is  of  important  practical  application,  that  when  high-feeding 
patients  are  voidmg  large  quantities  of  the  lithates,  these  may  often  be  at 
once  brought  down  by  a  reduction  in  the  excess  of  the  azotized  por- 
tion of  their  food.  Dr.  Marcet  found  a  remarkable  diminution  in 
the  proportion  of  uric  acid  in  the  urine  after  violent  sweating ;  which 
is  in  accordance  with  the  well-known  fact  that  Lithiasis  is  infrequent 
amongst  the  natives  of  tropical  climates,  though  this  may  also  be  explained 
by  their  more  sparing  use  of  animal  food.  The  effects  of  exercise  have 
not  been  quite  accurately  determined.  Dr.  Hammond  states  that  when 
at  rest,  on  mixed  diet,  he  eliminated  daily  the  large  proportion  of  24*9 
grains  of  uric  acid ;  after  moderate  exercise  13*7  grains  were  discharged, 
and  after  violent  exercise  8*2  grains — ^the  urea  at  the  same  time  under- 
going a  proportionate  increase.  Genth  and  Heller,  whilst  agreeing  with 
Dr.  Hammond  in  the  diminution  effected  by  moderate  exercise,  state 
that  the  quantity  of  uric  acid  again  rose  when  the  exercise  was  very 
violent ;  and  Lehmann  and  Speckf  found  a  slight  increase  after  pro- 
tracted exertion.  This  latter  increase  may  perhaps  be  attributed  to  an 
insufficiency  in  the  amount  of  oxygen  absorbed  to  completely  oxidize  all 
the  products  of  disintegration  when  suddenly  and  greatly  increased. 
— Upon  the  whole,  it  appears  the  circumstances  which  most  favour  the 
genesis  of  Uric  acid  in  the  system,  and  the  increase  of  its  proportion  in 
the  urine  if  there  be  no  obstacle  to  its  elimination,  are  a  highly-azotized 
diet  and  inactive  habits  of  life ;  whilst  the  reduction  of  the  former  to  what 
is  really  requisite  for  the  due  nutrition  of  the  body,  and  the  promotion 
of  the  respiration  by  moderate  exercise,  tend  to  reduce  the  proportion  of 
this  compound;  so  that  under  these  circumstances  we  may  almost  regard 

*  "  Donden*  Archiv,"  1860,  p.  260.        t  "  Liebig's  Annalcn,"  vol.  xcix.  p.  206. 
t «« Med..Cliir.  Be?.,''  1862,  vol.  i.  p.  285. 
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it,  in  the  kngufige  of  Prof.  Hati;rhton,*  aa  **  a  minute  fraction  of  nitrcig^ii 
which  has  escaped  complete  oxidation ."| 

328.  Thus,  besides  the  nitrogenous  compounds  into  which  the  albmni- 
nouB  BtibiLauces  3}>lit,  a  series  of  non^nitrogeuous  materials  probably  also 
result  from  their  disintegration,  and.  theae  may  eitlier  be  of  au  oleaginous 
or  of  a  saccharine  nature.  The  formation  of  the  volatile  acida  of  fats,  and  of 
benzoin  and  oxalic  acida^  can  theoreticallj  be  eaaUy  dedu^sd  from  the  coni^ 
position  of  albumen ;  J  and  we  appear  to  liave  some  evidence  of  the  geneni- 
tton  of  fat  from  albumeu  in  the  observations  of  Burdaeh§  u]ion  ttie  eggs  of 
the  LimiiiJiiis,  (or  he  found  the  former  to  jncreaBe  apparently  at  the  exj^enise 
of  tlic  latter  in  the  progress  of  incubation.  Thus  in  1000  parts  of  the 
dried  ova  of  that  animal  there  were — 


Albamen  . 
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It  muflt  also  be  Temembered  that  the  formation  of  an  amyloid  sal>stanco, 
Glycogeno,  is  the  natural  function  of  the  liver;  and  there  is  every 
reason  for  believing  that  this  ibrmation  proceeds  in  great  mea^ire  from 
the  decomposition  ol"  albuminous  substances,  especially  since  it  Is  accom- 
panied by  the  BimaltaneouB  appearance  of  highly  nitrogenous  aubstaaces, 
such  as  GlycochoUc  and  Taurochohc  acids,  which  have  been  shoiA-n  by 
Liebigl  to  be  readily  derivable  from  alTmrneD,  on  the  assumption  of  the 
breaking -up  of  albumen  into  gelatm  (gluten)  and  one  equivalent  of  Tauro- 
cholic  acid,  the  latter  containing  an  importimt  element  of  albumen,  namely ^ 
8tdphur.  In  conclusion,  then,  we  may  say  that  with  regard  to  the  albumi- 
nous, and  as  the  experiments  of  Ilischoff  and  Voit  appear  to  prove,  the  gela- 
tinous conatituents  of  our  food  also,  that  it  is  probable  tliat  part  go  directly 
to  ilie  formation  of  tissue^  and  part,  termed  the  *  Luxus  consumption'  by 
the  Germans,  are  decomposed  in  the  blood  without  forming  tissue.  In 
both  instances  a  kind  of  decomposition  or  disintegration  takes  place  under 
the  influence  of  oxygen ;  by  which,  on  the  one  hand,  such  compounds  as 
Glyctn,  Leucin,  Creatine,  Creatinine,  Guanin,  Parkin,  Xanthin,  Uric 
Acid,  Urea,  &c.,  are  formed,  which  are,  for  the  most  part,  discharged  by 
the  Urine  and  Pieces;  and  on  the  other,  certain  fatty  or  saccharine 
substances  are  genera tetl,  by  the  fiirther  combustion  of  which  the  miinial 
beat  is  mainfeiined,  their  ultimato  products,  consisting  of  Carbonic  Acid 
and  Water,  being  eliminated  chiefly  by  the  akin  and  lungs. 

32*J*  Aa  regards  the  Fatty  constituents  of  the  body,  a  large  proportion 
is  undoubtedly  derived  from  the  food.  Previously  to  absorption  the  mem- 
bers of  the  oleaginous  group  are  minutely  divided,  reduced  to  the  fluid 

*  "  Bablia  Quart,  Joum./*  1859,  vol  iL  p,  11, 

f  The  foTmatiuH  of  iulipoc*«r«,  which  waa  formerly  mach  relied  tipoa  na  proving  tlie 
eanvtrnhn  at  albumea  into  fiitf  appears  to  be  owing  to  tht  combm^tion  of  the  fatty 
ATids  {^rigiDally  preflont  in  the  tiiuiue^  with  ammonia,  lime,  aad  potaab.  And  agMU, 
the  BuppiiB^l  con  version  of  pieces  of  museler  coagulated  fvlbumfin,  ike,  into  fat^  ^hea 
ititrcKJuceil  into  the  petiiODcal  caritj  of  ftalmala^  appears  to  have  been  dlsproTed  bj 
Burdachr  vho  hsA  Hhoim  tkat  it  lb  eimplj  a  clept>sit  or  infiltratiaa  into  the  tisane,  <bT 
albumiaoui  sobetaDoe  introduced,  ai^d  miiy  eveu  lake  place  lu  pieces  of  poroua  wood. 
See  Burdiushf  ^'Yirchow'ti  Archlv,"  ISSl,  baud  vL  p.  103;  aad  Milne ^EdwatUi^ 
**  Le^oaSt"  t.  vH.  p.  669* 

t  F<  W.  Burdacbr  "  Be  GomtDtit.  aubAt  pfGU  in  Adipem/'  Dissert.,  1B53, 
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state,  emulsified,  and,  in  part  at  least,  decomposed  bj  the  pancreatic  juice 
into  the  &tty  acids  and  glycerine ;  whilst  that  portion  which  has  been 
absorbed  without  decomposition  appears,  accordmg  to  the  researches  of 
V.  Gorup-Besanez,  to  be  converted,  under  the  influence  of  the  active  oxygen 
of  the  blood  (ozone  ?)  and  the  carbonated  alkalies  in  the  first  instance, 
into  the  fatty  acids  and  glycerine — ^the  glycerine  undergoing  further 
metamorphosis  into  formic,  propionic,  and  other  acids.  The  quantity  of 
fiit  contained  in  difierent  parts  of  the  body  varies  considerably,  but  it  is 
almost  imiversally  present.  The  blood  usually  contains  about  0*4  per 
cent,  the  muscles  3*3,  milk  4*3,  brain  8,  the  nerves  22,  and  adipose 
tissue  83  per  cent. — The  Fatty  matters  of  the  Blood  are  obviously  destined 
to  furnish  the  contents  of  the  Adipose  and  Nervous  vesicles ;  whilst  their 
presence  seems  also  to  be  required  in  the  early  stages  of  the  production  of 
Cells  generally.  One  of  the  principal  sources  of  Qieir  expenditure,  how- 
ever, is  that  combustive  process  by  which  the  heat  of  the  body  is  main- 
tained ;  and  the  amount  deposited  in  the  tissues  as  fiit,  may  be  looked-upon 
as  the  surplus  of  the  quantity  ingested,  that  is  not  tlius  consumed.  The 
quantity  of  fatty  matter  in  the  blood  is  liable  to  sudden  augmentation, 
from  the  introduction  of  a  large  quantity  furnished  at  once  by  the  ali- 
mentary material ;  and  this  excess  will  continue  until  the  surplus  has 
been  eliminated,  either  by  the  combustive,  the  nutritive,  or  the  excretory 
operations.  These  last  do  not  ordinarily  remove  the  saponifiable  fets 
from  the  body ;  for  although  the  mammary  secretion  in  the  female  draws 
ofiT  from  her  blood  a  large  quantity  of  &tty  matter,  this  is  destined,  not 
for  its  purification,  but  for  the  nutrition  of  her  offspring ;  and  cholesterin 
appears  to  be  the  only  fiitty  substance  which  is  normally  excreted  for  the 
purpose  of  being  removed  from  the  body. — The  question  of  the  capability 
of  animals  to  produce  &t  has  been  much  disputed.  There  seems,  however, 
to  be  no  reason  for  doubting  that  it  may  be  generated  not  only  from  the 
hydrocarbonaceous  constituents  of  tlie  food  (sugar  and  starch),  but  also 
from  the  splitting- up  of  the  albuminous  compounds.  The  observation  of 
Huber,  that  if  Bees  be  fed  upon  pure  sugar  they  will  still  continue  to 
furnish  wax  for  the  comb,  repeated  and  confirmed  as  it  has  been  by 
Milne-Edwards*  and  Boussingault,  and  the  rapid  fattening  of  negroes 
which  occurs  at  the  period  of  cutting  the  sugar-canes,  together  with  the 
experiments  of  Boussingault  and  those  of  Messrs.  Lawes  and  Gilbert, 
who  foundf  that  in  fattening  pigs,  for  every  100  parts  of  fat  in  the  food 
the  animals  stored  up  from  400  to  450  parts  of  fat  in  their  bodies,  seem 
to  furnish  conclusive  evidence  on  this  point.  Again,  the  observation  of 
Boussingault,  that  for  animals  to  fatten  on  starchy  substances  a  certain 
proportion  of  albumen  must  be  present,  the  production  of  fiitty  acids 
during  the  disintegration  of  albumen,  leucin,  and  other  analogous  sub- 
stances, and  the  phenomena  of  fiitty  d^eneration,  all  seem  to  point  to  the 
derivation  of  fiit  from  this  source  also.  Indeed,  Messrs.  Lawes  and  Gilbert 
expressly  state,  that  whilst  2^  parts  of  starch  must  be  consumed  in  the 
food  to  produce  one  part  of  fat,  the  proportion  of  sugar  required  is  some- 
what larger,  and  that  of  any  albuminous  compound  somewhat  smaller,  to 
produce  the  same  effect.  The  ultimate  disposal  of  the  saccharine  con- 
stituents of  the  body,  which  ajjpeiir  to  be  partly  derived  from  without, 

*  Milne-Ed wardR,  "  Lemons  sar  la  Physiologie,'*  t.  iL  p.  553. 
t  "PhU.  Trana.,"  1859,  p.  543. 
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and  to  be  partly  the  result  of  the  decornpofiition  of  the  albuminous  con- 
etituentaof  Uie  blood,  aa  will  be  hereafter  more  ftiJlj  considered  (Glycogeny), 
is  stiU  unknowu;  though  there  seeinB  to  be  every  probability  in  iavour  of 
tlieir  being  tirst  converted  into  Lactic,  and  linally  into  Carbonic  acid  and 
Water. 

S30.  The  nsea  of  the  vai'ioua  Inotiganic  compounds,  which,  as  being' 
uniformly  present  in  the  Blood,  must  be  considered  among  ita  integral 
constituents,  are  not  as  yet  by  any  means  poatively  known ;  yet  great 
advances  have  been  recently  made  towards  this  knowledge ;  and  it  may 
be  pretty  certainly  affirmed,  that  the  presence  of  some  of  them  has 
reference  to  the  peculiar  limctiong  and  conditiona  of  the  blood  it-self,  ^ 
whilst  othera  are  chiefly  destined  for  appropriation  by  the  tis&u^  to  whose 
growth  it  ministers.  The  former  seems  to  bo  especially  the  eaae  witli  the 
Alkaline  salts ;  of  which  the  phosphate  and  carbonate  of  aoda  would 
eeem  to  have  it  for  their  chief  purpose  to  maintain  the  alkalinity  of  the 
blood,  on  which  depend  not  merely  the  hquidity  of  ita  albmnen,  biit  the 
iacility  of  ita  passiige  through  the  capillariea,  and  the  r^^diness  with 
wliich  its  comhuative  materials  are  oxidized ;  whilst  they  also  increaso 
tlie  absorptive  power  of  the  scrmn  ibr  gases*  So  the  piressenee  of  chloride 
of  sodrnm  is  needed  for  tlic  conservation  of  the  organic  components  of 
lie  blood  in  their  normal  condition,  and  it  also  seems  to  be  e^ential  to 
the  performance  of  muny  of  the  metamorphic  and  histogenetic  operations 
to  which  these  subst^inces  are  subjected  in  the  economy ;  tliia  salt^  more- 
over,  ia  itself  required  as  a  component,  not  only  of  the  sohd  tissues 
generally,  but  also  of  all  the  secreted  fluids.  The  aalts  ofiiotash  appear 
to  be  specially  required  for  tlie  mitrition  of  the  muscular  tissue  j  but 
tliey  probably  exert  the  same  genera!  influence  with  those  of  sodiu  The 
preBenoe  of  the  Earthy  salts,  on  tlie  other  hand,  would  seem  to  have 
reference  almost  exclusively  to  the  eornposltiou  of  the  tissnea,  into  which 
Bome  of  them  enter  very  largely.  The  phosphate  of  lime  in  jmrticular 
must  be  regarded  almost  m  the  hght  of  a  histogenetie  substance,  so  con- 
stantly does  it  seem  to  be  present  in  newly-forming  tissues ;  whilst  it  is 
also  in  great  demand  as  the  prhicipal  consolidating  material  of  bone  and 
tooth.  Whether  the  carbonate  of  lune^  the  phosphate  of  magnesia^  the 
Jluoride  of  caicmm^  and  the  silica  of  the  blood,  are  of  any  other  use  in  it 
than  to  supply  consolidating  matimala  for  the  tissues,  there  is  at  present 
no  evidence  wliatever,  Imn^  like  tlie  alkahne  stilts,  is  an  essential  con- 
stituent of  the  blood  itself,  forming  a  very  l:irge  percentage  of  the 
hffimatin  of  its  red  corpuscles ;  and  it  is  supplied  by  tJie  blood  to  varioui 
tissues^  especially  the  muscles  and  the  liair,  of  which  also  it  may  be  con- 
mdered  an  essential  component,^ — The  normal  proportions  of  all  thess© 
subitanceB  appei^  to  be  chieily  maintained  by  means  of  the  excretory 
apparatufl,  which  filter a-off  (ao  to  spesk)  any  surplus ;  it  being  through 
the  Urinary  organs  that  they  are  chiefly  ehminated.  And  it  is  by  them^ 
too,  that  the  normal  projx>rtion  of  Water  in  tlie  blood  is  chiefly  main- 
tiiined :  the  Malpighian  apjMiratus  of  the  kidneys  apparently  acting  as  a 
kind  of  safety-valve,  through  which  any  surplus  that  remain  a  after  t!ie 
cutaneous,  pulmoimry,  and  intestinal  exhalants  have  perlbrmed  tlieir 
appropriate  duties,  is  allowed  to  make  its  escape. 

^31,  Of  tlie  mode  in  which  the  substitution  of  new  tissue  for  that  which 
haa  become  effete,  is  effected  in  the  process  of  Nutrition,  our  knowledge  is 


ON  THE  BALANCE  OF  THE  VITAL  ECONOMT.  343 

at  present  limited ;  but  there  can  be  little  doubt  that  it  nearly  always 
takes  place  in  a  manner  closely  conformable  to  the  first  development  of 
each  tissue.  In  some  instances  there  is  an  obvious  replacement  of  the  old 
and  dead  by  the  young  and  active  elements:  this  is  the  case,  for  example, 
in  the  constantly-repeated  production  of  the  Epidermic  and  Epithelial 
layers;  for  whether  itiej  are  developed  from  germs  imbedded  in  ^e  sub- 
jacent basement-membrane,  or  from  nuclei  formed  de  novo  in  the  blastema 
on  its  free  surface,  or  by  the  duplicative  subdivision  of  pre-existing  cells, 
there  is  a  continual  succession  of  new  cells,  which  take  the  place  of  those 
that  are  cast-off  as  defunct  and  useless.  So  in  the  growth  of  Hair,  the 
increase  of  which  takes-place  only  at  its  base,  we  can  trace  at  any  period 
the  same  development  of  newly-formed  spheroidal  cells  into  homy  fusi- 
form fibres,  as  that  which  occxirred  when  first  the  hair  began  to  sprout 
from  the  aggregation  of  epidermic  cells  at  the  bottom  of  its  follicle.  So, 
again,  in  tibe  vesicular  tissue  which  constitutes  the  essential  part  of  the 
Nervous  centres,  there  are  appearances  which  indicate  that  its  peculiar 
cells  are  in  a  state  of  continual  development,  newly-formed  ganglionic 
vesicles  taking  the  place  of  those  which  have  imdergone  disint^ration. 
But  there  are  other  textures,  whose  nutrition  is  more  completely  intersti- 
tial ;  their  elements  being  more  closely  coherent,  and  their  newly-formed 
portions  being  developed  throughout  the  substance  of  the  old,  instead  of 
(as  in  the  case  of  the  epidermis  and  its  appendages)  superficially  or  in 
mere  continuity  with  it.  Such  is  the  case,  for  example,  with  Muscle,  the 
mode  of  whose  nutrition  has  not  yet  been  elucidated.  We  can  only  infer 
from  analogy,  that  here  too  each  fibre  or  fibril  will  pass,  in  the  course  of 
its  development,  through  the  same  stages  which  those  of  the  embryo  did 
when  its  muscles  were  first  formed.  And  this  analogy  seems  to  derive 
support,  from  the  presence,  in  all  well-nourished  muscles,  of  bodies  which 
bear  the  appearance  of  nuclei ;  for  these,  as  Mr.  Paget  remarks,  ''are  not 
the  loitering  impotent  remains  of  embryonic  tissue,  but  germs  or  organs 
of  power  for  new  formation."  And  it  is  further  confirmatory  of  this  view, 
that  losses  of  substance  of  muscle  which  involve  the  destruction  of  these 
centres  of  nutrition,  are  not  replaced,  like  losses  of  cuticle,  by  new 
tissue  of  the  same  kind ;  the  power  to  form  it  not  being  inherent  in  the 
blood  or  in  the  neighbouring  parts.  Nevertheless  it  must  be  admitted 
that  no  intermediate  stages  of  development  can  be  traced  in  the  fibres, 
even  of  those  muscles  of  the  adult  which  are  in  most  constant  use,  and  of 
which  the  nutrition  is  the  most  active,  that  are  at  all  comparable  to  those 
which  are  met- with  in  the  muscular  tissues  of  the  embryo. — ^With  regard, 
again,  to  the  interstitial  nutrition  of  Bones  and  Teeth,  we  have  no  certain 
knowledge.  That  some  movement  of  nutritive  fiuid  is  continually  taking 
place  through  them,  is  made  apparent  by  the  effects  of  madder  in  gradu- 
ally tinging  even  the  bones  and  teeth  of  die  adult,  though  for  such  a  change 
a  much  longer  period  is  required  in  the  adult  than  in  the  young  animal; 
how  &r  this  movement,  however,  is  subservient  to  any  continual  change 
of  substance,  still  remains  doubtfiil.  If  the  supply  of  blood  be  withdrawn 
from  a  tooth  or  from  a  bone,  or  even  from  a  part  of  the  latter,  the  struc- 
tures thus  cut  off  from  connection  with  the  act  of  nutrition  soon  die,  become 
detached  from  the  living  parts  around,  and  are  thrown  out  of  the  body.  Of 
this  we  have  a  very  good  example  in  the  annual  exuviation  of  the  antlers 
of  the  Deer,  which  is  brought  about  by  the  choking  up  of  the  Haversian 
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canals  that  give  passage  to  blood-yeBsela,  witli  concentric  osseous  deposit- 
Something  of  this  kind  seems  to  be  continnalty  tjiking  place  in  ordinary 
Bone,  upon  a  more  limited  acale ;  individual  Ilaveraian  ejatems  being 
removed  bj  absorptiou,  and  being  replaced  by  new  formations  of  the  same 
kind,  probably  during  ita  whole  life,  without  any  change  in  external  ooa- 
fignration.  —  Of  the  luoiles  in  which  the  effete  particles  of  tiaaues  whoae 
terra  of  life  has  expired,  or  whose  vital  energy  has  been  exhausted,  are 
removed^  our  present  knowledge  is  no  lesa  imperlect*  In  the  case  of  those 
tiaaues  which  are  mipcfifieiuUif  nourished,  a  continual  loss  of  substance  ia 
obviously  taking  place,  by  the  exuviation  of  dead  particles  en  mu»s€i  this 
is  the  case  with  the  whole  aeries  of  Epitlielial  and  Epidermic  cells,  which 
are  thrown -off  with  httle  previous  cliangGi  like  tlie  leaves  of  trees,  their 
decay  not  taking  place,  for  the  most  fiart,  until  after  tliey  have  become 
detached  from  the  organism.  But  the  iact  is  altogether  different  with 
regard  to  those  whoso  nutrition  is  interstitial^  especially  the  Nervous  and 
Muscular  tissues ;  for  the  decomposition  of  these  would  seem  to  occur  in 
their  very  substance,  ita  products  being  taken  up  by  the  blood,  and  sub- 
sequently eliminated  from  it  by  organs  appropriated  to  that  purjxjse,  an  is 
indictited  by  Chemical  evidence, 

332.  A  remtirkable  indication  has  been  recently  afforded,  by  the  mi- 
croscopic examination  of  Bone,  that  the  older  portions  of  ite  substance  are 
removed  from  time  to  time,  and  that  space  m  thus  provided  for  the  deposit 
of  newly -formed  tissue  in  ita  stead.  For  transverse  sections  of  long  bones 
usually  exhibit,  in  some  part  of  their  area,  irt^ularly-shaped  spaces, 
having  an  emarginated,  festooned,  and  often  jagged  outline  (Figs»  71,  72), 
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similar  to  that  found  on  the  surface  of  bone  which  has  been  removed  by 
esibUation,  or  to  that  of  the  fang  of  a  tooth  which  has  been  partly  ab- 
sorbed. There  is  every  indlcjitioii,  from  a  comparison  of  the  various 
conditions  presented  by  t!iese  *  Haversian  spaces»^  both  as  to  ibrra,  mze^ 
tmd  sitnation,  that  they  are  left  by  the  partial  or  complete  removal  of 
*  Haversian   syetcm%'  whicli  previoudy   occupied  the  same  aifcuations. 


ON  THE  BALANCE  OP  THE  VITAL  ECONOMY. 


345 


They  are  exceedingly  nmneroua  and  large  in  newly-formed  bone  situated 
near  ossifying  cartilage,  so  as  frequently  to  afford  room  for  the  develop- 
ment of  two  or  more  *  Haversian  systems'  in  their  interior ;  while  in  older 

Fxo.  78. 
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Bct  Bom,  showing  the  ordinarr  appeanncei  ^— a, 
le ;  e,  new  Havernan  lystem  within  an  older  one. 


Haversian 


bone  they  are  far  less  numerous,  and  generally  less  in  size,  so  that  by  the 
excavation  of  one  of  these  spaces  within  an  old  ^  Haversian  system,'  a  new 
one  may  be  formed  of  much  smaller  dimensions  (Fig.  78,  c).  The  per- 
sistence of  portions  of  those  older  ^  Haversian  systems'  which  have  imder- 
gone  partial  absorption,  appears  to  accoimt  for  the  presence  of  the  *  inter- 
stitial lamina'  (A,  ft),  which  fill-up  the  spaces  between  the  existing 
'  Haversian  systems,'  and  of  which,  as  they  have  not  any  obvious  centres 
of  nutritive  supply,  no  other  satisfactory  explanation  can  be  given.  Such 
appearances,  indicative  of  alternate  acts  of  absorption  and  reproduction, 
are  seen  in  the  bones  of  old  as  well  as  of  young  or  middle-aged  subjects; 
but  their  frequency  diminishes  with  the  increasing  age  of  the  individual.* 
— So  fer  as  can  be  gathered  from  the  foregoing  facta,  and  from  others  of 
the  same  order,  the  process  of  interstitial  decline  and  death  usually  takes 
place  too  rapidly  for  its  stages  to  be  perceptible,  and  is  immediately  fol- 
lowed, in  the  normal  condition  of  the  system,  by  the  removal  of  the  effete 
particles;  so  that  it  is  only  when  this  removal  is  from  any  cause  obstructed, 
as  happens  in  the  cases  to  be  presently  cited,  that  we  see  any  indication  of 
the  stages  through  which  the  disintegrating  tissues  pass.^ 

333.  There  is  one  remarkable  form  of  degeneration,  however,  which  is 

*  See  the  Memoir  by  Messrs.  Tomes  and  De  Morgan  '  On  the  Stniotare  and  Develop- 
ment of  Bone,*  in  **  Philos.  Transact.,"  1853,  p.  111. 

f  Folly  recognizing  the  importance  of  Dr.  Lyons*  ingenious  inquiries  on  *  Histolysis* 
(see  "  Proceed,  of  Royal  Irish  Acad./*  vol.  ▼.  part  iii.,  and  "  Brit,  and  For.  Med.-Chir. 
Bev./*  Tol.  xii.  p.  454,  532),  the  Author  cannot  regard  the  changes  which  tiJie  place 
in  tissues  decomposing  out  of  the  body,  as  throwing  much  light  upon  the  prooesses  of 
degeneration  that  take  place  during  the  latter  period  of  their  life. 
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cxjmmon  to  nearly  all  tlie  tiasueM,  and  wliich  Beems  to  occur  as  a  normal 
alteratiou  in  many  of  them  tit  an  adyanceil  period  of  life  ;  this  consists  in 
the  conreraon  of  their  allmminous  or  geladnona  materials  into  iht,  thns 
consti tilting  what  la  known  i^  fatty  degeneration.  That  thia  cliange  ia  not 
dne  to  the  removal  of  the  normal  components  of  the  tissuea,  and  tlie  sub* 
stitution  of  newly-depositeil  fatty  matter  in  their  place,  but  i&  (in  most 
cases  at  least]  the  result  of  a  real  converdon  of  the  one  chs»  of  subsstauees 
into  the  other,  may  now  be  considered  as  well  ascertained.*  And  tliere 
are  certain  Ihcta  which  indicate  tlmt  this  kind  of  defeneration  m  a  part  of 
the  r^nlar  series  of  processes,  by  which  tias^iee  that  Imve  served  their 
purpose  in  the  economy  are  prepared  ibr  being  removed  by  absorption  ; 
one  of  the  most  remarkable  being  the  observations  of  Virchowf  and 
KilianJ  with  regfird  to  the  fatty  degeneration  of  the  muscular  tissue  of 
the  uterus  after  parturition.  So^  as  Mr.  Paget  has  pointed-out,  the  fibri- 
nous and  corpuscular  products  of  inflammation  are  often  broilght  into  a 
State  fit  for  absorption,  by  passing  tlirough  this  intermediate  stage ;  the 
fibrinous  aubstsmce  being  observed  to  be  dotted  by  grannies  which  are 
recognised  us  oil-particlea  by  their  peculiar  ahining  black-edged  appear- 
ance, and  at  the  same  time  losing  its  tougbnesB  and  ekaticity,  and  being 
no  longer  rendered  transparent  by  acetic  acid  |  whilst  the  lymph-cells  ^ 
present  a  similar  increase  of  shining  black*edged  particles  like  minute  oil- 
drops,  which  accumulate  until  they  nearly  lili  tlie  cell-cavity^  their  nuclei 
at  tlie  same  time  gradutilly  fading  and  disappear ing.|  Tims,  then,  if  the 
&t,  which  is  one  of  the  products  of  this  retrograde  metamorphosis^  be  ab- 
sorbed as  fast  as  it  is  formed^  and  the  effete  tissue  be  replaced  by  a  new 
production  (as  seems  to  be  the  case  with  Muscles  in  a  state  of  healthy 
activity)^  there  is  no  appearance  of  degeneration,  and  the  nutrition  is  kept 
up  to  its  normal  standard*  So  if,  from  the  advance  of  age^  or  from  the 
insnSicient  exercise  of  the  muscles^  their  nutrition  take  place  less  rapidly 
than  their  waste,  whilst  the  products  of  their  degeneration  are  still  removed, 
simple  atrophy  is  the  result.  If,  on  the  other  hand^  the  general  conditions 
being  similar,  the  fat  produced  in  degeneration  be  not  absorbed,  but  remain , 
in  the  tissue,  an  obvious  *  iatty  degeneration^  is  the  result.  Tltis  seems;* 
most  likely  to  happen  either  (1 )  when  the  fat  is  thus  produced  in  such[exoe 
fiive  amount,  that  the  ordinary  rate  of  its  absorption  (corresponding  with 
that  of  its  ehmination  by  tlie  combustive  process)  does  not  provide  for  ita 
removal ;  which  will  occur  when  a  large  amount  of  tissue  is  undergoing 
digenetration  at  oncOt  as  in  Uie  case  of  the  uterus  iiBer  parturitiDQ : — »| 
or  (2)  when  the  blood,  being  already  highly  charged  with  respira-/ 
tory  material,  is  indisposed  to  receive  an  additional  amount  of  ^|J 
and  it  is  probably  in  part  from  this  cause,  that  the  habitual  presence^ 
of  Alcohol  in  the  blood  strongly  predispoaea  to  fatty  degeneration, 
as  is  proved  by  the  very  large  ptoiiortion  of  intemperate  individuals 
among  the  subjects  of  the  more  aggravated  forms  of  this  disorder.  For 
the  special    aptitude    for    the   combustive   process   which   is   dmrac- 


♦  Pot  nn  eie^Uent  ac^jonnt  of  the  whole  tttbject  of  Fatty  D^enemtioii,  see  Dr*  Hu&d- 
GeM  Jonei's  Articlea  la  the  ^'  Brit,  and  For.  M0d.^ChLr.  Eer./'  vol.  %\.  p.  327^  Had  voL  j 

xiL  p.  ao. 

f  '*¥erhaad1iingeii  der  Geaellseh&ft  fiir  Qebiirl^bulfe,^"  Berlin,  Tol  iit  p^  17. 

^  Heole  ^nd  FfeulIerH  "'  Z^iischrLjPt,^'  ¥oK  ix.  p^  t. 

%  3t&  Mr.  Fa|^t*a  ^^Lcclcu^  oa  Sarglool  Futbgiogy/*  v^l.  L  p.  Sfl. 
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teristic  of  Alcohol,  maj  give  it  such  a  preference  in  this  operation  over  the 
ordinary  Qombustiye  material,  that  the  conversion  of  the  latter  by  oxida- 
tion into  carbonic  acid  and  water  is  kept-back,  so  long  as  Alcohol  is  pre- 
sent ;  and  thus  the  blood  of  drunkards  becomes  so  highly  charged  with 
&t,  l^t  it  might  be  itself  considered  to  be  in  a  state  of  &tty  degeneration.* 
This  distinct  evidence  of  the  operation  of  Alcohol  habitually  received 
into  the  blood  in  large  quantities,  affords  an  obvious  indication  that  the 
habitoal  consumption  of  even  a  much  smaller  amoimt  will  tend  to  pro- 
duce &tty  degeneration  at  more  remote  periods  and  in  a  less  aggravated 
degree;  and  the  participation  which  this  state  has  been  shown  to  have  in 
the  production  of  a  large  proportion  of  the  diseases  of  Old  Age, — especi- 
ally by  the  changes  it  induces  in  the  texture  of  the  heart  and  of  the  walk 
of  the  blood-vessels  (which  are  particularly  liable  to  it), — ^fully  bears  out 
this  idea. 

334.  It  may  be  stated  as  a  general  rule,  that  no  absorption  of  the 
materials  of  tissues  can  take  place,  without  a  previous  degeneration  such 
as  this,  or  a  more  complete  decomposition.  There  is  no  evidence  that 
any  healthy  tissue  is  ever  thus  absorbed,  or  that  any  preternatural 
activity  of  the  absorbent  vessels  can  ever  (as  formerly  supposed)  be  the 
occasion  of  a  loss  of  substance;  in  fiict,  so  long  as  the  vital  force  is  in  active 
operation  in  a  part,  and  its  processes  of  growth  and  development  are 
being  normally  carried-on,  such  absorption  may  be  considered  to  be  im- 
possible. On  the  other  hand,  if  a  part  die  en  masae^  it  is  not  removed  by 
absorption,  but  becomes  isolated  by  the  separation  and  recedence  of  the 
living  parts,  and  is  then  cast-out  altogether,  even  from  the  interior  of 
the  body,  as  we  see  in  the  case  of  a  necrosed  bone ;  its  condition  being 
then  essentially  the  same  as  that  of  the  outer  layers  of  the  tegumentary 
organs,  which  are  cut-off,  by  their  distance  from  a  vascular  sudace,  from 
all  further  nutrient  change.  The  difference  between  these  two  modes  of 
removal  is  well  seen  (as  Mr.  Paget  has  remarked)  in  the  case  of  the 
Teeth  ;  for  the  fangs  of  the  deciduous  teeth  imdergo  degeneration,  when 
the  current  of  nutrition  is  diverted  towards  those  which  are  to  succeed 
them,  their  materials  being  slowly  decomposed,  so  as  to  become  soluble, 
and  being  gradually  removed  by  absorption,  so  that  nothing  is  left  at 
last  but  ^e  crowns  of  the  teeth;  on  the  other  hand,  the  permanent  teeth, 
which  are  not  to  be  succeeded  by  others,  when  no  longer  receiving  their 
due  nutrition,  die,  and  are  cast-out  entire. 

335.  Among  the  conditions  of  healthy  Nutrition,  a  due  supply  of 
Nervous  power  is  commonly  enumerated ;  and  it  cannot  be  questioned 
that  the  want  of  such  a  supply  is  frequently  the  source  of  a  perversion 
of  the  normal  operations.  This,  however,  by  no  means  proves  that  the 
formative  power  is  derived  from  the  nervous  system  ;  and  such  an  idea 
is  at  once  negatived  by  a  nimiber  of  incontestible  facts.  Yet  it  may  be 
freely  admitted  that  the  right  direction  and  application  of  this  power  in 
Nutrition,  may  sometimes  depend  upon  guidance  and  direction  afforded 

*  The  quantity  of  fat  in  the  blood  of  dninkardB  has  been  fonnd  in  some  oases  to  be  as 
much  as  117  parts  in  1000  (Lecann),  the  highest  estimate  of  the  quantity  in  health 
being  8*65  parts.  Scharlan  has  found  as  much  as  30  per  cent  more  carbon  in  the 
blood  of  a  drunkard,  than  in  that  of  a  healthy  man. — See  Dr.  Huss*s  treatise  on 
"Alooholismus  Chronicus,"  Rokitansky^s  *'Handbuch  der  allgemeinen  pathologist 
Anatomie,'*  band  iT.,  and  '*13rit.  and  For.  Med.-Chir.  fiev.,"  vol.  xiL  pp.  88,  84. 
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by  the  Nervous  centres,  in  the  same  manner  aa  the  Secreting  proeeas  is 
capable  of  hemg  tJiii^  affected ;  in  fact^  we  can  scarcely  explam  in  any 
other  mode  that  influence  of  mental  states  izpon  the  nutrient  opemtion% 
wliich  fre<jaentlj  leads  to  very  important  modifications  of  them,— The 
whole  of  this  Bubject,  howeveij  wiU  bo  more  appropriately  considered 
hereafter  (cil\p.  xv)  * 

S.  Varying  Activity  of  the  Wuiritive  Frocessis. — Eeparative  Operatwtis, 

3S6.  Without  any  change  in  the  churaat^r  of  the  Nutritive  procesfies, 
there  may  bo  considerable  variations  in  their  degree  ofavtivtl^;  and  this, 
aa  regards  either  the  entire  organism,  or  individual  parta^  though  most 
commonly  the  latter.  These  Yariations  may  be  so  considerable  aa  to  con- 
stitute Disea^ ;  though  there  arc  some  which  take  place,  aa  part  of  the 
regular  series  of  Physiological  phenomena.  TliuSj  aa  we  have  seen,  it  ia 
to  the  excels  of  forraative  activityj  that  tlie  increase  of  the  organism 
in  the  earlier  period  of  lite  is  due^  it^  *  wasta'  beiag  at  the  same  time 
extremely  rapid;  whilst  it  is  to  a  coirefiponding  reduction  in  the  regeno- 
radvo  power,  and  not  to  positive  e:xces3  of  ^waate*  or  decay  (this,  indeed, 
taking  place  very  slowly),  tJiat  the  gradual  d^line  of  tlie  organ  i«m  in 
advancing  years  is  to  be  attributed.  So  also  we  Bnd  that  local  as  well  aa 
general  variations  may  take  place,  as  a  jjart  of  the  regular  series  of  viUd 
phenomena ;  and  this  during  tlie  period  of  adult  lite,  as  well  as  in  the 
earlier  and  later  epochs.  Thus  aJl  those  difTereucca  in  the  proportional 
development  of  llie  several  parts  of  the  organismj  which  mark  the  dis- 
^ction  between  the  adult  and  the  child,  even  where  (aa  in  the  case  of  a 
dwarf)  there  ia  no  diiference  in  stature,  result  from  a  decline  in  tlie 
formative  capacity  of  tlioae  which  fire  peculiarly  adapted  to  the  wants  of 
the  earlier  stage  (the  Thymus  gland,  for  example),  and  from  an  increased 
activity  of  nutrition  Ln  those  which  are  destined  to  the  use  of  the  adult, 
the  Generative  organs  more  particularly*  And  the  intermittent  activity 
of  the  sexual  apparatus  of  the  female  atfbrds  a  remarkable  example  of  the 
some  principle;  this  being  marked,  not  merely  in  the  enormous  develop- 
ment of  the  uterus  and  mammary  glands  as  a  consequence  of  conception, 
but  in  the  periodical  change  which  takes  place  in  the  ovaries,  whereby  the 
ova  are  matured  and  thrQi\m-off  at  certain  regular  intervals*  The  d^dice 
in  the  fomiutive  power  of  these  same  organs,  moreover,  when  as  yet  the 
organism  in  general  shows  but  little  indication  of  deterioration,  is  another 
characteristic  example  of  tJie  variation  in  Nutritive  activity  resulting 
from  the  inherent  endowmenta  of  the  part,  and  essentially  irrespective  of 
the  condition  of  tlie  blood,  of  the  circulation,  and  of  the  organism  as  m 
whole ;  although,  as  formerly  shown  (§  200),  the  production  and  main- 
tenance of  other  and  apparently  imconaected  organs  are  compiementallif 
dependent  upon  the  formative  activity  of  the  Generative  apparatus. 

337.  The  abnormal  exc<^s  of  Nutritive  change  which  properly  consti- 
ttites  Ilt/ptrtropkt/,  appears  to  depend  uj>on  a  dej^artiure  from  one  or  other 
of  the  conditions,  imder  which,  as  already  specitiedj  the  change  normally 

*  In  the  trcjvtmeDt  of  this  subject,  the  Author  has  tnflde  nm  of  miuij  TftludWe  Uluw- 
tnitioTJH  coutalii^  in  the  ^rst  tlime  of  Mr.  Fuget's  " Lector es  on  Sttrgie&l  Fathtilo|:j  -" 
the  general  dootrizjeaj  Lawever,  bo  log  such  as  he  hud  hitnaetf  axpreaeed  on  ma^j 
pfeviouii  oc«3i«iou8. 
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takes  place ;  namely,  the  right  composition  of  the  blood,  a  due  supply  of 
such  blood,  and  a  proper  formative  capacity  in  the  part  itself. — Of  the 
excess  of  nutrition  resiilting  from  the  presence  of  an  excess  of  the  pecidiar 
materials  of  certain  tissues  in  the  circulating  fluid,  examples  have  already 
been  given  (§312);  it  is  important  to  remark,  however,  that  although 
hypertrophy  may  be  thus  induced  in  any  of  the  tissues  which  constitute 
the  instruments  of  organic  life,  yet  there  is  no  evidence  that  either  the 
Nervous  or  the  Muscular  apparatus  can  be  forced  (so  to  speak)  to  an 
augmentation  in  bulk,  by  the  mere  abundance  of  their  nutritive  materials. 
— With  regard,  in  the  next  place,  to  the  supply  of  blood,  there  can  be  no 
doubt  that  in  general  an  increased  flow  of  blood  towards  a  part  is  conse- 
quent-upon,  rather  than  a  cause-of,  an  excess  in  its  nutritive  activity;  but 
still  there  are  cases  in  which  its  causative  agency  may  be  traced.  Various 
examples  of  this  have  been  supplied  by  the  experiments  and  observations 
of  John  Hunter,  the  records  of  which  are  left  in  his  Museum.  Thus 
if  the  spur  of  a  cock  be  transplanted  from  the  leg  to  the  comb,  which 
is  a  part  far  more  vascular  than  that  with  which  it  was  originally  con- 
nected, it  undergoes  an  extraordinary  augmentation  in  size ;  having  in 
one  instance  grown  in  a  spiral  form,  until  it  was  six  inches  long ;  and  in 
another,  curved  forwards  and  downwards  like  a  horn,  so  that  its  end 
needed  to  be  often  cut,  to  enable  the  bird  to  bring  its  beak  to  the  ground 
in  feeding.  So,  again,  it  was  remarked  by  Hunter,  and  has  been  fre- 
quently observed  since,  that  an  increased  growth  of  hair  often  takes  place 
on  suiiaces  to  which  there  is  an  increased  determination  of  blood  as  a 
consequence  of  inflammation  in  some  neighbouring  part,  though  not  from 
the  surface  of  the  inflamed  part  itself.  So  it  sometimes  happens,  that 
when  an  ulcer  of  the  integuments  of  the  leg  has  long  existed  in  a  yotmg 
person,  the  subjacent  bone  may  share  in  the  increased  afflux  of  blood,  and 
may  enlarge  and  elongate.  And  it  seems  not  improbable  that  we  are  to 
attribute  the  increased  thickness  of  the  cuticle,  on  parts  which  are  exposed 
to  continual  pressure  or  friction,  to  the  augmented  afflux  of  blood  which 
is  determined  to  the  irritated  surface.* 

338.  The  greater  number  of  cases  of  Hypertrophy,  however,  must 
undoubtedly  be  referred  to  the  preternatural  formative  capacity  of  the 
part  itself;  and  this  may  either  be  congenital  or  acquired.  Of  this  con- 
genital excess,  we  have  a  remarkable  example  in  the  abnormal  growtli  of 
an  entire  limb,  or  of  fingers  or  toes,f  which  cannot  with  any  probability 
be  referred  to  an  original  excess  in  the  supply  of  blood,  the  enlargement 
of  the  arteries  leading  towards  such  parts  being  almost  certainly  conse- 
quent upon  their  unusually  rapid  growth,  just  as  in  the  case  of  the  uterine 
and  mammary  arteries  of  the  pregnant  female.  The  most  remarkable 
instances  of  the  acquirement  of  increased  formative  activity,  are  presented 
to  us  in  that  augmented  growth  of  the  nervous  and  muscular  tissues, 
which  is  consequent  upon  the  exercise  of  their  functional  powers.  This 
may  be  considered  as  to  a  certain  extent  a  normal  adjustment  of  the 

*  It  is  oommonlj  said  that  local  Hypertrophy  may  be  indaoed  by  long- continaed  Con- 
gestion ;  but  this  is  not  true  hypertrophy  ;  for  the  bulk  of  the  organ  is  not  augmented 
by  the  increased  production  of  its  normal  tissue,  but  by  the  addition  of  tissue  of  an 
inferior  type  of  organization,  as  in  Inflammation. 

+  A  case  of  hypertrophy  of  an  entire  limb  was  described  by  Dr.  John  Beid  in  the 
"Edinb.  Monthly  Joum.,"  1843,  p.  198;  and  several  cases  of  hypertrophy  of  the 
fingers  were  described  by  Mr.  Curling  in  the  '*  Med.-Chir.  Trans.,**  toI.  xxriiL 
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supply  to  the  <3©mand ;  but  there  are  some  instanoes  m  which  it  takei 
place  to  such  au  extent,  aa  to  become  a  positive  disease.  Thua  ituot  iin- 
frcquontly  happene^  that  if  jotmg  persona  who  natimilJy  show  precocity 
of  intellect,  are  encotu-aged  radier  liiui  checked  iu  the  use  of  the  braduj 
tlie  increased  nutrition  of  the  organ  (which  grows  faster  than  its  bonj 
case)  occasions  preasure  upon  its  vessels,  it  becomes  indurated  and 
inactive,  and  fatuity  and  coma  may  supervene.  Now  aJ though  in  such 
cases  there  may  probably  have  been  aonie  congenital  tendency  to  preter- 
liatuial  activity  oi'  the  brain,  which  manifested  itself  in  the  pregocity  of 
mteliect,  yet  there  is  no  doubt  that  this  may  be  augmented  by  the  *  Ibrcii^g 
system*  of  education  ;  whilst,  on  tiie  other  hand,  it  may  be  controlled  by 
u  system  of  management  adapted  to  the  peculiar  circumstances  of  the 
case.  Excess  of  muscular  development  is  peculiarly  prone  to  show  itself 
in  the  involuntary  muscles;  but  this  production  is  in  almost  eveiy 
instance  the  result  of  the  demand  for  increased  muscular  exertion  which 
is  consequent  upon  some  obstruction  to  the  usual  function  of  the  part. 
Thus  an  extraorduiaty  hypertrophy  of  the  muscular  coat  of  the  urinary 
bladder  is  often  seen  as  a  consequence  of  obstruction  to  tlie  exit  of  the 
urine,  through  the  presence  of  a  stone  in  the  bladder  or  of  a  stricture  in 
the  urethra ;  so,  again^  hypertrophy  of  the  muscular  coat  of  the  gall- 
bladder may  take-plaoe  as  a  consequence  of  obstruction  of  its  duct  by  a 
gall-stone ;  hypertrophy  of  the  nniseular  coat  of  any  part  of  the  alimentary 
canal  may  be  induced  by  the  existence  of  stricture  lower  down ;  and 
even  hypertrophy  of  the  heart  is  generally,  if  not  always,  attribntaible  to 
obstruction  to  the  exit  of  the  blood  which  it  propels,  resulting  either  from 
stagnation  of  the  pulmonary  circulation  by  the  deficient  aeration  cousequent 
upon  disease  of  the  lungs  (in  which  case  the  hypertrophy  is  limited  to  the 
right  side  of  the  heart),  or  from  tbickening  or  induratton  of  the  eemilunar 
valveSi  or  from  narrowing  of  the  orifices  of  the  aorta  and  pulmonary  artery* 
It  ia  curious,  moreover,  to  observe  that  Iiypertrophy  of  mueclea  frequently 
beoomee  a  source  of  increased  nutrition  of  the  bones  to  which  they  are 
attached :  tliis  being  manifested,  not  merely  in  tlie  augmented  bulk  of 
the  bones  of  limbs  that  are  specially  exercised,  but  also  in  the  Lncrea;sed 
prominence  of  the  ridges  and  processes  to  which  the  muscles  are  attached. 
This  adapt! vcness  on  the  part  of  the  formative  activity  of  the  oaaeous 
tissue,  is  curiously  manifested  also  in  the  relation  of  the  sknll  to  the 
brain ;  for  if  the  bulk  of  the  brasji  be  not  too  rapidly  augmented,  the 
skull  will  enlarge  accordingly,  and  this  (in  some  inetances)  not  merely  by 
the  extension  of  its  normal  bones,  but  by  the  intercalation  of  new  osseous 
elements,  the  *oaga  wormiana;'  wliilst,  on  the  other  hand,  if  there  be  a 
diminution  in  the  bulk  of  tlie  brain,  tlie  cranium  may  adapt  itself  to  this 
also,  by  a  thickening  on  its  internal  surface  (or  concentric  hyjiertrophy), 
— tliis  change,  rather  than  a  duninution  in  the  entire  aubataace  of  the 
skull,  being  more  liable  to  take  place  in  cases  in  which  tlie  cranial  auturos 
have  already  closed,  and  the  nutrition  of  tlie  bone  has  become  inactive. 

BS^,  The  production  of  Tumours  must  be  considered  asamanif^tation 
of  an  excess  of  fommtive  activity  in  individual  parts,  and  as  constituting, 
therefore,  a  species  of  Hypertrophy.  For  a  tumour  may  be  composed  of 
the  tissues  which  are  normal  to  the  part ;  as  we  see  especially  in  tlie 
case  of  those  tumours  of  the  uterus,  which  are  raade-up  of  an  excess  of  its 
ordin^y  muBCular  and  fibrous  elements.     But,  as  Mr<  Paget  has  justly 
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remarked, ''  an  essential  dilEerence  lies  in  this ; — ^the  uterus  (often  itself 
hjrpertropliied)  in  its  growth  around  the  tumour  maintains  a  normal 
type,  though  excited  to  its  growth,  if  we  may  so  speak,  by  an  abnormal 
stimulus;  it  exactly  imitates,  in  vascularity  and  muscular  development, 
the  pregnant  uterus,  and  may  even  acquire  the  like  power;  and  at  length, 
by  contractions  like  those  of  parturition,  may  expel  the  tumour  sponta- 
neously separated.  But  the  tumour  imitates  in  its  growth  no  natural 
shape  or  construction;  the  longer  it  continues,  the  greater  is  its  deformity. 
Neither  may  we  overlook  the  contrast  in  respect  of  purpose,  or  adaptation 
to  the  general  wel&re  of  the  body,  which  is  as  manifest  in  the  increase 
of  the  uterus  as  it  is  improbable  in  that  of  the  tumour.*'*  A  gradation 
is  established,  however,  between  true  Hypertrophies  and  Tumours,  by 
those  productions  of  glandular  tissue,  which  are  made-up  of  the  proper 
substance  of  the  gland  with  which  they  are  connected,  as  the  mammary, 
the  prostate,  or  the  thyroid,  and  which  (though  frequently  encysted)  are 
sometimes  met- with  as  outlying  portions  of  die  gland  itself. — There  is 
another  class  of  objects,  to  which  Tumours  come  into  close  relation,  and 
which  must  be  referred,  like  them,  to  a  local  excess  of  formative  activity; 
these  are  the  '  supemimierary  parts'  which  are  not  unfrequently  deve- 
loped during  foetal  life,  as  for  example,  additional  fingers  and  toes.  It 
seems  absurd  to  refer  these,  formed  as  they  are  by  simple  outgrowth  from 
the  limbs  to  which  they  are  attached,  to  ^e  'fusion  of  germs'  which  has 
been  hypothetically  invoked  to  explain  more  important  excesses,  as  those 
of  additional  limbs,  double  bodies,  or  double  heads ;  and  yet  frx)m  the 
lower  to  the  higher  form  of  excess,  the  transition  is  so  gradual,  that  what 
is  true  of  the  former  can  scarcely  but  be  true  of  the  latter.  Hence  even 
complete  'double  monsters' "must  be  regarded,  not  as  having  proceeded 
from  two  separate  germs  which  have  become  partially  united  in  the  course 
of  their  development,  but  from  a  single  germ,  which,  being  possessed  of  an 
unusual  formative  capacity,  has  evolved  itself  into  a  structure  containing 
more  than  the  usual  number  of  parts,  and  comparable  to  that  which  may 
be  artificially  produced  by  partial  fission  of  die  bodies  of  many  of  the 
lower  animals.f 

840.  We  can  scarcely  fail  to  recognize,  throughout  this  whole  series 
of  abnormal  productions,  the  operation  of  a  similar  power.  In  the  for- 
mation of  a  supernmnerary  part,  this  has  been  sufficient,  not  merely  to 
produce  the  tissues,  and  to  develope  them  according  to  a  r^ular  mor- 
phological type,  but  to  impart  to  the  fiibric  thus  generated  a  separate 
and  even  an  independent  existence ;  thus  evolving  an  additional  finger 
or  thumb  on  each  hand,  a  double  pair  of  arms  or  legs,  a  double  head  or 
trunk,  or  even  a  complete  double  body.  In  the  hypertrophy  of  a  regular 
or  normal  part,  the  new  tissues  are  still  developed  according  to  a  regular 
morphological  type;  but  they  have  not  the  power  of  individualizing 
themselves  (so  to  speak)^  and  are  so  incorporated  with  the  normal  ele- 
ments as  to  augment  the  size  of  the  existing  organ.     In  the  formation 

*  8«e  his  "  Lectarefl  on  Sargical  Pathology/'  vol.  ii.  p.  2  ;  also  Dr.  Handfield  Jones 
in  "Brit  and  For.  Med.-Chir.  Eey.,"  toI. xiii.  p.  830 ;  and  Dr.  Bristowe  in  **  Trans,  of 
FathoL  Soc,'*  toL  It.  p.  218. 

t  See  "Princ.  of  Comp.  Phys./'  §  475 ;  Prof.  Vrolik  in  "Cyclop,  of  Anat.  and 
Phyt.,**  art  '  Teratology,'  toI.  iv.  p.  976  ;  and  Prof.  Allen  Thomson  on  '  Double 
Monstrosity,'  in  **  Bdinb.  Monthly  Journal, "  June  and  Jnly,  1844. 
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of  m  tam&ui,  on  the  otiier  hand^  whHst  ifea  craiipaneDi  tiaaes  aine  tben)- 
aelTes  perfkrdy  fomied,  and  ha¥e  a  marked  power  of  tudepeodent  growth , 
the  mji^  composed  of  them  is  altogether  amorphotiiit  its  couBgom^on 
being  tisu&Uj  determined  raXher  hj  the  p^jmcal  conditiona  tmdar  whicli 
n  is  [nxKiuced,  than  hj  anj  pecidiar  te^deneies  of  its  own ;  so  that  we 
recf^pdse  the  acUoa  of  the  fonn&tiTe  power,  undireeted  hj  that  morpho- 
log^ctl  mim^  which  normaUj  modeb  (ao  to  spe^k)  the  grt^wing  ti^iiee 
iiilo  the  likenees  of  the  organ  to  wMeh  ihej  beloi^.  But  fimh^^  in 
man  J  of  the  laige  class  of  tmuours  distini^^iiished  as  '  maJIgnant^ '  th& 
deveiopmeni  d  timxm  h&s  not  goae  lo  the  eactectt  of  pioduciiig  any 
of  tho^  Epedet  of  which  the  body  m  nonn^ly  eo»stitoted ;  and  in  this 
ittpecti  as  weU  m  in  thw  temdencj  to  nipd  deg«nenitJonf  the  rit4il 
OBdowiD^dB  of  ^idr  ekmenite  mufil  be  leckoned  as  below  those  of  tlie 
novmal  tJiwaiaR, — It  is  not  always  easy  to  dzmw  the  line  between  oeitain 
tnmoora  and  SEtpemnmeiaiy  parts^  e^peclalty  when  the  pccdtietion  of  tlie 
lonner  is  symmeoicd ;  but  the  first  appeatanoe  of  the  latter  never  takea 
]4aee  aive  duzing  etabryonic  life^  and  their  s&ttetuie  is  more  oomplex, 
a&d  b  more  oonfemied  to  the  plan  and  constmctioii  of  the  body  at  iai^ 
thim  m  that  of  tumour^  whose  pfx^dnction  may  take-pSace  at  any  period 
of  lile*  And  betw^e^}  thptse  tumours  which  are  kndrwn  as  ^  piliferotis*  and 
*•  dent%enytis  t^stSi*  and  thoee  ^icysted  cmhijoes  (amaDy  incomplc^  in 
llieiT  Ibntntioii)  whidi  aze  sametiniea  feimd  in  &e  bodka  eren  of  maSea, 
it  ia  imposiye  to  fffltiblit^  anj  line  of  demaieaitioB  saffidcnlly  jueciBe, 
to  pzerent  o^iir  leoogniaipg  them  aa  all  haring  the  nme  oE^^n,  and  being 
ex|)reaaioiia  of  the  mne  poweTi — th«  Mmple  eyii  beit^  a  kind  of  mde 
ataempl  aifc  the  prodnctaoti  of  a  distinct  inxl^iidittL, — ayod  the  encysted 
tel  ^  rmaih  of  an  unusoaOy  high  denlopnent  of  a 


$%h  The  state  of  ^l^vpJbjr  ia  in  all  n^Mote  the  ray  efpcnte  of  thai 
of  Hyper^^OflLy ;  '*"*■**■*" ^^  in  sncb  a  lednctkn  in  th^  iste  of  formadve 
acliiity  of  parted  aa  oompafed  with  thact  of  the^  *  waa&a,*  that  tbeir  nutn- 
tMM  ia  no  hmger  nah^ssm^  m  its  ptgySoya  ttaadifd;  so  thai  they  ^m 
giadually  radooed  in  bulk,  or  Ae^mmMOm  mm  «sne  iniericr  hiftological 
type,  or  (which  ia  moro  ooaiunoB)ttiideigo  botk  diBinnlioii  anddeterioia^ 
tka  at  the  mme  timo.  If  ia  anpoviaot  tobear  in  miiid,  ihait  Aliopbj  may 
ttJce  piaci,dtiiir  locally  or  giftualty^fiom  an  Timaraafly npid  diffintegni- 
tJon  of  tiio  <MWtM|  upeomwimiled  1^  a  cMTwyeniBpg  ioctoaae  in  the  mte 
of tMrimti^iafk;  of «iEii local atr^y^ we ImTe a cfcagaamrtic ^cample 
m  ibi  i^td  ndnedoii  of  the  bolk  of' the  vimnm  «fts-  pntozition,  and 
of  ^  uaatBaij  ^anda  after  tlie  mtMm  tawlioii  of  ketetion;  of  the 
giiaali,  we  see  an  lUuimtm  m  thtat  mfM  wming  of  the  aptam,  whieh 
ta^B  place  in  the  imtable  atote  diMt  tMlta  fion  enoeBve  and  prolongeii 
esEslifln  of  body  or  aiudMi^  of  alndf  e^edatty  whca  aooompaitiod  with 
mni  of  deepv  mo  i^cioaaed  dlmltfiatiyn  hamg  narked  by  die  pr^ence 
rfMi  iniMMMl  a«fc«wit  fd^ww^m  mftA  *5^ti>*  «ift^^£—  |Ji^^i»It«».^  tn  the  iirine. 
But  m  llie  ordinafy  tfbniia  of  Atioflty,  tlMre  ia  not  mimty  a  rtiatiit  Imt 
at  rfnAiftf  ftdnetioii  in  the  nto  of  the  fannative  proeesSt  or  a  lowetiag 
of  ili  itttdu^  of  ^otfeodon ;  and  ha^  al»o  w^hftf^  to  look  for  ita  catjaei^ 
on  llio  OHO  hsttd^  m  ^  copditicai  aad  fKfffy  ^  ^  lAood,  aad,  on  Uie 
r»  Ift  te  ^rsHliTe  tx^iad^  of  iJm  tiaaMa  Aenaahv.— The  AJM^y 

'of  ttntiiliiv  wtiTtalgt^  may  be 
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either  general  or  partial.  General  atrophy,  or  emaciation,  is  a  necessary 
result  of  deficiency  of  food ;  but  it  may  also  proceed  from  an  imperfect 
performance  of  the  assimilating  processes,  whereby  the  nutritive  materials 
do  not  receive  their  requisite  elaboration,  as  in  cases  of  disease  of  the 
mesenteric  glands ;  or  from  an  imusual  energy  of  the  metamorphic  pro- 
cesses, whereby  the  azotized  constituents  of  die  food  are  decomposed  into 
excrementitious  products,  without  undergoing  assimilation  at  all,  as  seems 
to  be  the  case  in  diabetes.  Of  the  atrophy  of  a  particular  tissue,  conse- 
quent upon  the  deficiency  of  its  proper  materials  in  the  blood,  we  have 
an  example  in  the  reduction  of  the  adipose,  when  there  is  no  surplus  of 
fatty  matter  to  serve  for  its  nutrition,  but  on  the  other  hand  a  withdrawal 
of  the  contents  of  the  £it-cells  into  the  circulating  current,  whilst  the 
nutrition  of  the  muscular  and  other  azotized  tissues  may  proceed  with  its 
usual  vigour. — Instances  of  complete  local  atrophy,  or  gangrene,  resulting 
from  deficiency  in  the  supply  of  blood  to  a  part,  are  by  no  means  unfre- 
quent ;  but  it  is  less  common  to  meet  wi^  a  prolonged  diminution  in 
the  rate  of  nutrition  from  such  a  cause,  since  a  partial  obstruction  to  the 
circulation  is  usually  removed  afler  a  short  time  by  the  enlargement  of 
the  collateral  vessels.  Yet  there  are  pecidiar  circumstances  under  which 
this  does  not  take  place ;  thus  Mr.  Curling  has  shown  that  atrophy  may 
occur  in  that  portion  of  a  fractured  bone  which  is  cut-off  from  the 
direct  supply  of  blood  through  the  great  medullary  artery ;  the  circu- 
lation being  restored  by  anastomosis  to  such  an  extent  as  to  prevent 
the  death  of  the  bone,  but  not  so  completely  as  to  support  vigorous 
nutrition.* 

342.  The  most  frequent  cause  of  Atrophy  lies,  however,  in  the  deficiency, 
of  formative  power  in  the  tissues  themselves,  arising  from  the  decline  of 
that  capacity  which  they  inherit  from  the  germ.  This  decline,  as  already 
shown,  takes  place  in  the  body  at  large,  as  a  part  of  the  regular  order  of 
things,  with  llie  advance  of  years,  and  also  normally  occurs  in  particular 
organs  at  earlier  periods  of  life ;  but  it  sometimes  takes  place  prema- 
turely, either  in  the  body  at  large,  or  in  particular  organs,  so  that  they 
undergo  a  wasting  or  degeneration  without  any  ostensible  cause.  Thus 
it  is  not  at  all  uncommon  for  Articular  Cartilages  to  be  almost  entirely 
destroyed  through  defect  of  nutrition,  without  any  pain  or  other  symp- 
toms to  call  attention  to  the  change  in  progress;!  and  many  similar  cases 
might  be  cited.  There  is  reason  to  believe  that  *  fatty  degeneration,' 
the  form  under  which  degeneration  most  commonly  presents  itself  (§  333), 
is  in  reality  far  more  frequent  than  simple  wasting ;  but  it  attracts  less 
notice,  because  the  bulk  of  the  tissues  is  little  or  not  at  all  diminished ; 
and  it  is  only  when  their  frmction  becomes  impaired,  that  attention  is 
seriously  drawn  to  the  change.  This  form  of  Atrophy  can  seldom  be 
attributed  to  antecedent  diminution  in  fimctional  activity ;  for  it  is  most 
common  in  organs  upon  which  there  is  the  most  constant  demand  for  the 
energetic  performance  of  their  respective  duties,  as,  for  instance,  in  the 
heart,  the  kidneys,  and  the  liver.  But  the  formative  activity  of  Muscles 
and  Nerves  is  so  closely  dependent,  as  already  several  times  pointed-out, 
upon  the  active  exercise  of  their  frmctional  powers,  that  atrophy  is  cer- 
tain to  supervene  if  this  be  interrupted ;  and  this  atrophy  may  or  may 

*  "  Medico>Chirurgical  Transactions,"  vol.  xx. 

f  See  Redfem,  **  On  Anormal  Nutrition  in  Articular  Cartilages,'*  p.  65. 
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of  a  tumotiT,  on  the  olJier  hand,  whiht  its  compotient  tissnea  are  them- 
selves peHectly  Ibnned,  and  bave  a  marked  power  of  independent  growth, 
the  mass  composed  of  them  is  altogether  amorphous,  its  configuratioB 
being  usually  determined  rather  by  the  physical  conditions  imrler  ^hich 
it  ia  producedj  than  by  any  pecuhar  tendencies  of  its  own ;  so  that  we 
roeognize  the  action  of  the  formative  power,  undirected  by  that  morpho* 
logical  nimSf  which  normally  models  (so  to  apeak)  the  grow  Log  tissues 
into  the  likeness  of  the  organ  to  which  they  belong.  But  ftixther,  in 
many  of  the  large  class  of  tumours  diatinguiahed  as  *  malignant,'  the 
development  of  tissue  has  not  gone  to  the  extent  of  producing  any 
of  those  species  of  which  the  body  is  normally  constituted ;  and  in  t!iis 
respect,  as  weU  as  in  their  tendency  to  rapid  d^eneration,  the  vital 
endowments  of  their  elements  must  be  reckoned  as  below  those  of  the 
nonnal  tissues. — It  is  not  always  easy  to  draw  tho  line  between  certain 
tumours  and  supermimerary  parts,  especiaUy  when  the  production  of  the 
former  is  symmetrical ;  but  the  first  ap|Miarance  of  tlio  latter  never  takes 
place  save  during  embrj-^onic  life,  and  their  structure  is  more  complex, 
and  is  more  conformed  to  the  plan  and  construction  of  the  body  at  large, 
than  is  that  of  tumours,  whose  production  may  take-place  at  any  period 
of  life.  And  between  those  timioura  which  are  knowTi  as  *■  pOiferotis'  and 
*  dentigerous  cysts,*  and  those  encysted  embryoes  (usually  incomplete  in 
their  formation)  which  are  eometimea  ibund  in  the  bodies  even  of  males, 
it  is  impossible  to  establish  any  hue  of  demarcation  sniHeiently  precise, 
to  prevent  our  recogmzing  them  aa  aH  having  tlie  same  origin^  and  being 
expressions  of  Uie  same  power, — the  simple  cyst  >H>ing  a  kind  of  rudo 
attempt  at  the  production  of  a  distinet  individual (•-^aud  tlie  encyiiled 
embryo  being  but  tlie  result  of  an  unusually  high  development  of  a 
proliferous  cyst. 

341.  The  state  of  Atrophy  is  in  all  respects  the  very  opposite  of  that 
of  Hypertrophy ;  consisting  in  siicli  a  reduction  in  the  rate  of  formative 
activity  of  partSi  as  compared  irith  that  of  their  *  Avastej'  that  their  nutri- 
tion is  CO  longer  maintained  at  its  previous  standard ;  so  that  tliey  are 
gradually  reduced  in  bulk,  or  degenerate  into  some  inferior  histologi' 
lype,  or  (which  ib  more  common)  undergo  both  diminution  and  deteriora- 
tion  at  the  same  time.  It  is  important  to  bear  in  mind,  that  Atrophy  may 
take-place,  either  locally  or  generally,  from  an  umiBually-rapid  disintegra- 
tion of  the  tisanes,  uncompensated  by  a  corresponding  increiise  in  the  ral 
of  their  nutrition  :  of  such  local  atrophy,  wc  have  a  characteristic  example 
in  the  rapid  reduction  of  the  bulk  of  the  uterus  ailer  parturition,  and 
of  the  mammary  glauds  aflcr  the  sudden  cessation  of  lactation ;  of  the 
general,  we  see  an  illustration  in  that  rapid  wasting  of  the  s)'Stem,  wdiich 
takes  place  in  the  irritable  state  tliat  results  from  excessive  and  prolonged 
exertion  of  body  or  anxiety  of  mind,  especially  when  accompanieti  with 
want  of  sleep,  the  increased  disintegration  being  marked  by  the  preBetJce 
of  an  nnusiial  amount  of  lu-ea  and  of  the  alkaline  phosphates  in  the  urine* 
But  in  the  ordinary  forma  of  Atrophy,  there  is  not  merely  a  relative  but 
an  ahmlute  reduction  in  t!ie  rate  of  the  formative  process,  or  a  lowering 
of  its  standard  of  perfection  ;  and  here  also  we  have  to  look  for  its  causes, 
on  tho  one  hand,  in  the  condition  and  supply  of  the  blood,  andt  on  the 
other,  in  tho  formative  capacity  of  the  tissue-s  themselves. — The  Atrophy 
dependent  upon  an  insuiiicient  supply  of  nutritive  materials,  may  be 
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either  general  or  partial.  General  atrophy,  or  emaciation,  is  a  necessary 
result  of  deficiency  of  food ;  but  it  may  also  proceed  from  an  imperfect 
performance  of  the  assimilating  processes,  whereby  the  nutritive  materials 
do  not  receive  their  requisite  elaboration,  as  in  cases  of  disease  of  the 
mesenteric  glands ;  or  from  an  unusual  energy  of  the  metamorphic  pro- 
cesses, whereby  the  azotized  constituents  of  the  food  are  decomposed  into 
excrementitious  products,  without  imdergoing  assimilation  at  all,  as  seems 
to  be  the  case  in  diabetes.  Of  the  atrophy  of  a  particular  tissue,  conse- 
quent upon  the  deficiency  of  its  proper  materials  in  the  blood,  we  have 
an  example  in  the  reduction  of  the  adipose,  when  there  is  no  surplus  of 
fatty  matter  to  serve  for  its  nutrition,  but  on  the  other  hand  a  withdrawal 
of  the  contents  of  the  fet-cells  into  the  circulating  current,  whilst  the 
nutrition  of  the  muscular  and  other  azotized  tissues  may  proceed  with  its 
usual  vigour. — Instances  of  complete  local  atrophy,  or  gangrene,  resulting 
from  deficiency  in  the  supply  of  blood  to  a  part,  are  by  no  means  unfre- 
quent ;  but  it  is  less  common  to  meet  with  a  prolonged  diminution  in 
the  rate  of  nutrition  from  such  a  cause,  since  a  partial  obstruction  to  the 
circulation  is  usually  removed  afler  a  short  time  by  the  enlargement  of 
the  collateral  vessels.  Yet  there  are  peculiar  circumstances  under  which 
this  does  not  take  place ;  thus  Mr.  Curling  has  shown  that  atrophy  may 
occur  in  that  portion  of  a  fractured  bone  which  is  cut-off  from  the 
direct  supply  of  blood  through  the  great  medullary  artery ;  the  circu- 
lation being  restored  by  anastomosis  to  such  an  extent  as  to  prevent 
the  death  of  the  bone,  but  not  so  completely  as  to  support  vigorous 
nutrition.* 

342.  The  most  frequent  cause  of  Atrophy  lies,  however,  in  the  deficiency, 
of  formative  power  in  the  tissues  themselves,  arising  from  the  decline  of 
that  capacity  which  they  inherit  from  the  germ.  This  decline,  as  already 
shown,  takes  place  in  the  body  at  large,  as  a  part  of  the  regular  order  of 
things,  with  the  advance  of  years,  and  also  normally  occurs  in  particular 
organs  at  earlier  periods  of  life ;  but  it  sometimes  takes  place  prema- 
turely, either  in  the  body  at  large,  or  in  particular  organs,  so  that  they 
undergo  a  wasting  or  degeneration  without  any  ostensible  cause.  Thus 
it  is  not  at  all  imcommon  for  Articular  Cartilages  to  be  almost  entirely 
destroyed  through  defect  of  nutrition,  without  any  pain  or  other  symp- 
toms to  call  attention  to  the  change  in  progress  ;f  and  many  similar  cases 
might  be  cited.  There  is  reason  to  believe  that  *  fatty  degeneration,* 
the  form  under  which  degeneration  most  commonly  presents  itself  (§  333), 
is  in  reality  &r  more  frequent  than  simple  wasting ;  but  it  attracts  less 
notice,  because  the  bulk  of  the  tissues  is  little  or  not  at  all  diminished ; 
and  it  is  only  when  their  function  becomes  impaired,  that  attention  is 
seriously  drawn  to  the  change.  This  form  of  Atrophy  can  seldom  be 
attributed  to  antecedent  diminution  in  functional  activity ;  for  it  is  most 
common  in  organs  upon  which  there  is  the  most  constant  demand  for  the 
energetic  performance  of  their  respective  duties,  as,  for  instance,  in  the 
heart,  the  kidneys,  and  the  liver.  But  the  formative  activity  of  Muscles 
and  Nerves  is  so  closely  dependent,  as  already  several  times  pointed-out, 
upon  the  active  exercise  of  their  fiinctional  powers,  that  atrophy  is  cer- 
tain to  supervene  if  this  be  interrupted ;  and  this  atrophy  may  or  may 

*  "  MedicO'Chimrgical  Transactions/"  vol.  xx. 

f  See  Redfern,  *'  On  Anormal  Nutrition  in  Articular  Cartilages,"  p.  65, 
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of  a  tumour,  on  th©  otlier  hand,  whilst  its  component  tisanes  are  tbem- 
selTes  pedectlj  formed,  and  have  a  marked  power  of  independent  growth, 
the  niasB  eompoaed  of  them  ib  altogether  amorphons,  il»  configuration 
being  iisuallj  determined  rather  hy  the  phyeical  conditions  under  which 
it  is  produced,  than  by  any  peculiar  tendencies  of  its  own  ;  so  that  we 
recognise  the  action  of  the  formative  power^  undirected  by  diat  morpho- 
logical nisuBf  whieh  normally  models  (bo  to  speak)  the  growing  tissiies 
into  the  likeness  of  the  oi^gan  to  wliich  they  belong.  But  Hirther,  in 
many  of  the  large  class  of  tumours  distinguislied  as  '  malignant,^  the 
development  of  tissue  has  not  gone  to  the  extent  of  producing  any 
of  those  fipecies  of  which  the  body  is  normally  constituted ;  and  in  tins 
respect,  as  well  as  in  their  tendency  to  rapid  degeneratioti,  the  vitiil 
endowments  of  tlieir  elements  must  be  reckoned  413  below*  those  of  the 
normal  tissues. — It  is  not  always  ea^  to  draw  the  line  between  certain 
tumours  and  supernrnnerary  parts,  especially  when  the  production  of  the 
former  is  symmetrical ;  but  tie  first  apj>earance  of  the  latter  never  takes 
place  save  during  embryonic  life,  and  their  structure  is  more  complex^ 
and  is  more  conformed  to  the  plan  and  construction  of  the  body  at  large, 
than  3 a  that  of  tumours,  whose  prodnction  may  take-plaee  at  any  period 
of  hfe*  And  between  those  tumours  which  are  know^n  as  ^  piliferons*  and 
*  dcatigerons  cysts,*  and  thoa<J  encysted  embryoes  (usually  incomplete  in 
their  formation)  which  are  sometimes  found  in  the  bodies  even  of  males, 
it  is  im possible  to  establisli  any  line  of  demarcation  suflicientlj  precise, 
to  prevent  our  recognising  them  ai  all  having  the  same  origm,  and  being 
expressions  of  the  same  power, — the  simple  cyst  being  a  kind  of  rude 
attempt  at  the  production  of  a  distinct  individual, — and  the  encystetl 
embryo  being  but  the  result  of  an  unusually  high  development  of  a 
pToliterous  cyst. 

341,  The  state  oi  Atrophj  ia  ia  all  respects  the  very  opposite  of  tliat 
of  Hypertrophy ;  consisting  in  such  a  reduction  in  the  rate  of  formative 
activity  of  parts,  as  compared  with  tJiat  of  their  *  waste,'  that  their  nutri* 
tion  is  no  longer  maintained  at  its  previous  standard ;  so  that  tliey  are 
gradually  reduced  in  bulk,  or  degenerate  into  some  inferior  histological 
type,  or  (w^hich  is  more  common)  imdergo  both  diminution  and  deteriora- 
tion  at  the  same  time.  It  is  imf>ortant  to  bear  in  mind^  that  Atrophy  may 
take-place,  either  locally  or  generally^  irom  an  unuBiudly -rapid  disintegra- 
tion of  the  tisBucB,  uncompensated  by  a  corresponding  increase  in  the  rate 
of  their  nutrition  :  of  snch  local  atrophy,  we  have  a  characteristic  example 
iu  the  rapid  reduction  of  the  bulk  of  the  uterus  alter  parturition,  and 
of  the  mammary  glands  ailer  tlie  sudden  cessation  of  lactation ;  of  die 
general,  we  see  an  illustration  in  that  rapid  wasting  of  the  system,  whicli 
takes  place  in  tlie  irritable  state  thnt  results  from  excessive  and  prolonged 
exertion  of  body  or  anxiety  of  mind,  especially  w^hen  accompanied  ivith 
want  of  sleep,  the  in  creased  disintcgTatiou  being  marked  by  the  presence 
of  an  unusual  amount  of  urea  ajid  of  tlie  alkaline  phosphates  in  l^e  urine. 
But  in  the  ordinary  forms  of  Atrophy,  tliere  is  not  merely  a  rdutivt  but 
an  abaolute  reduction  in  tlie  rate  of  the  formative  process,  or  a  lowering 
of  its  standard  of  perfection  ;  and  here  also  we  have  to  look  for  its  causes, 
on  the  one  hand,  in  liie  condition  and  supply  of  the  bloody  and,  on  tlto 
other,  in  the  formative  capacity  of  tlic  tissues  themselves. — -The  Atrophy 
dependent  upon  an  Insuiiicient  supply  of  nutritive  materials,  may  be 
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either  general  or  partial.  General  atrophy,  or  emaciation,  is  a  necessary 
result  of  deficiency  of  food ;  but  it  may  also  proceed  from  an  imperfect 
performance  of  the  assimilating  processes,  whereby  the  nutritive  materials 
do  not  receive  their  requisite  elaboration,  as  in  cases  of  disease  of  the 
mesenteric  glands ;  or  from  an  unusual  energy  of  the  metamorphic  pro- 
cesses, whereby  the  azotized  constituents  of  flie  food  are  decomposed  into 
excrementitious  products,  without  undergoing  assimilation  at  all,  as  seems 
to  be  the  case  in  diabetes.  Of  the  atrophy  of  a  particular  tissue,  conse- 
quent upon  the  deficiency  of  its  proper  materials  in  the  blood,  we  have 
an  example  in  the  reduction  of  the  adipose,  when  there  is  no  surplus  of 
fatty  matter  to  serve  for  its  nutrition,  but  on  the  other  hand  a  withdrawal 
of  the  contents  of  the  fat-cells  into  the  circulating  current,  whilst  the 
nutrition  of  the  muscular  and  other  azotized  tissues  may  proceed  with  its 
usual  vigour. — Instances  of  complete  local  atrophy,  or  gangrene,  resulting 
from  deficiency  in  the  supply  of  blood  to  a  part,  are  by  no  means  unfre- 
quent ;  but  it  is  less  common  to  meet  witii  a  prolonged  diminution  in 
the  rate  of  nutrition  from  such  a  cause,  since  a  partial  obstruction  to  the 
circulation  is  usually  removed  after  a  short  time  by  the  enlargement  of 
the  collateral  vessels.  Yet  there  are  peculiar  circumstances  under  which 
this  does  not  take  place ;  thus  Mr.  Curling  has  shown  that  atrophy  may 
occur  in  that  portion  of  a  fractured  bone  which  is  cut-off  from  the 
direct  supply  of  blood  through  the  great  medullary  artery ;  the  circu- 
lation being  restored  by  anastomosis  to  such  an  extent  as  to  prevent 
the  death  of  the  bone,  but  not  so  completely  as  to  support  vigorous 
nutrition.* 

342.  The  most  frequent  cause  of  Atrophy  lies,  however,  in  the  deficiency 
of  formative  power  in  the  tissues  themselves,  arising  from  the  decline  of 
that  capacity  which  they  inherit  from  the  germ.  This  decline,  as  already 
shown,  takes  place  in  the  body  at  large,  as  a  part  of  the  regular  order  of 
things,  with  liie  advance  of  years,  and  also  normally  occurs  in  particular 
organs  at  earlier  periods  of  life ;  but  it  sometimes  takes  place  prema- 
turely, either  in  the  body  at  large,  or  in  particular  organs,  so  that  they 
undergo  a  wasting  or  degeneration  without  any  ostensible  cause.  Thus 
it  is  not  at  all  imcommon  for  Articular  Cartilages  to  be  almost  entirely 
destroyed  through  defect  of  nutrition,  without  any  pain  or  other  symp- 
toms to  call  attention  to  the  change  in  progress  ;f  and  many  similar  cases 
might  be  cited.  There  is  reason  to  believe  ihat  *  fatty  degeneration,* 
the  form  under  which  degeneration  most  commonly  presents  itself  (§  333), 
is  in  reality  far  more  frequent  than  simple  wasting ;  but  it  attracts  less 
notice,  because  the  bulk  of  the  tissues  is  little  or  not  at  all  diminished ; 
and  it  is  only  when  their  function  becomes  impaired,  that  attention  is 
seriously  drawn  to  the  change.  This  form  of  Atrophy  can  seldom  be 
attributed  to  antecedent  diminution  in  functional  activity ;  for  it  is  most 
common  in  organs  upon  which  there  is  the  most  constant  demand  for  the 
energetic  performance  of  their  respective  duties,  as,  for  instance,  in  the 
heart,  the  kidneys,  and  the  liver.  But  the  formative  activity  of  Muscles 
and  Nerves  is  so  closely  dependent,  as  already  several  times  pointed-out, 
upon  the  active  exercise  of  their  functional  powers,  that  atrophy  is  cer- 
tain to  supervene  if  this  be  interrupted ;  and  this  atrophy  may  or  may 

*  "  Medico-Chirnrgical  Transactions/*  vol.  xx. 

f  See  Redfern,  "  On  Anormal  Nutrition  in  Articular  Cartilages,'*  p.  C5. 
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not  present  itself  under  the  form  of  fatty  degcncratiOTi ;  a  shrinkage  of 
tlie  pjirta,  coneiirreatly  witli  the  production  of  an  increxiaed  amiiuiit  nf 
fat  in  thera^  heing  perhaps  the  mode  in  which  it  most  fTeqnentiy  tiikej* 
place.  Atropliy  of  one  p*irt^  mOTeover,  may  be  dependent  upon  ;itroj>hy 
or  imperfect  functional  activity  of  anotlier,  if  the  two  be  so  related  in 
their  normal  functions,  that  n  decline  of  one  involves  a  correFpondiiig 
decline  in  the  other.  Thus  if  a  motor  nerve  be  panilyjsed,  the  muscles 
which  it  habitually  calls  into  action  will  be  atrophietl ;  and  this  will 
&^ually  happen,  whctlier  the  want  of  motive  power  depend  iijx>fi  a  defi- 
cient production  of  it  in  the  nervous  centres^  or  upon  an  int-eiTUption 
to  its  conduction  through  the  trunks,*  On  the  other  hand,  if  the 
muscles  of  a  part  undergo  degeneration  from  want  of  use  (as  in  disease  of 
the  hip-joint)^  the  nerves  which  supply  them  also  su(Ter,  The  sfiine  is 
the  c.'ise  in  reganl  to  tlie  nerves  and  organs  of  sense  j  tor  atropliy  of  \he 
eye  will  occasion  atrophy  of  the  optic  ner\^e,  and  destruction  of  the  optic 
ganglia  will  induce  atrophy  of  the  eyes  and  optic  nerves.  Even  the 
bonea  of  a  limb  will  sufter,  in  crises  of  atrophy  of  the  muscles  eousequent 
n\yon  disase ;  for  hi  an  exjieTiment  made  by  Dr.  J,  Keid,  to  determine 
the  effect  of  artificial  exerci&e  in  maint^iining  the  nutrition  of  muscles 
wliose  nerves  had  been  divided,  the  bones  of  the  quiescent  limb  only 
weighed  81  grains^  whilst  those  of  the  exercised  limb  weighed  HO 
giiains-t^ — It  is  an  important  lact^  which  was  first  pointed- out  by  Mr. 
Paget,  J  that  when  fatty  degeneration  is  cnnimencing  m  any  tissue,  which 
IS  characterissed  by  the  persistence  of  its  nuclei,  it  is  in  the  nuclei  that  the 
first  alterations  are  seen ;  for  they  become  pale  and  indistiuctj  and  may 
even  distippear  altogether,  almost  before  any  other  change  is  discennl>le  iu 
tlie  contents  of  the  cells  or  tubes  to  which  they  appertain ;  but  in  atrojihy 
from  mere  decrease,  this  disappearance  of  the  nuclei  does  not  occur, 

343.  liepttraiive  Procesit. — The  nutritive  operations  take  pi  sice  with 
extraordinary  energy  and  ni|nility  in  the  process  of  Ueparution  ;  by 
which  losses  of  substance  oceaaioned  by  iiyury  or  disease  are  made  good. 
In  its  most  perfect  ibrm^  this  process  is  exactly  analogous  to  that  of  liie 
Jtrf^t  devehpmcnt  of  the  corresponding  parts  \  and  its  results  are  as  eoni- 
plota  in  tlie  one  cose  as  in  die  other*  In  fact,  among  the  lowest  tribes  of 
Animals,  we  find  these  tw^o  conditions  blended,  as  it  were,  together ;  for 

*  The  Author  liad  Aomc  time  ago  nndat  h'm  ohserratioa  tktnjse  la  wlncli  three  male^ 
«f  a  fntiiily  progressiTclj  became  nffectedf  betwctia  tho  ngoi  of  3  and  .5  years,  witli 
fatly  degenenitioij  of  the  rouBciea,  which  prtieeet^etl  m  the  moat  ndvimced  ai«e  to  tiie 
almEifft  com|j|ete  obliteration  of  their  Dormal  structure*  This  change  had  leea  <MR»idered 
hy  mtiny  eminent  Fnu^litiDnerB  to  b«  idiopathic  ;  that  is,  ic»  hare  its  primary  onurin  ia  Lhe 
musctiiar  tissue  ;  and  the  mcasurea  which  had  been  employed  to  arrest  it  ktid  been  c^f  mt 
avail  whatever.  It  vas  a  etixiiug  arguinenti  howeTer,  against  hqcU  a  riew  of  the  diee, 
that,  in  the  hfart  of  tlie  eldest  son,  vh(*  died  of  f&ver  at  the  age  of  Ifl,  no  futty  degene- 
ration C4juld  bediscovered  ;  and  on  making  Inr^airy  into  the  history  of  the  paretita  and  of 
ilielrfnmilieBp  ample  evidence  was  disc^rered  for  the  beliefi  that  the  diseuse  was  dependent 
tipon  the  want  of  faaetional  power  in  the  nervous  centres^  Acting  on  this  view,  jt  was 
recontmencled  that  the  muBcnlar  nyirt^m  fihoald  be  kepi  aa  much  a£  fH)saible  in  a  atate  ef 
active  exercriiiie,  and  that  n  weak  !i;aitabicQurreat  should  be  frequently  LmUBmittcd  throng 
the  Km  ha  from  the  spine.  This  treatment  proved  sa  far  an^^eea^fQl,  that  the  progresa 
of  the  diaeaw  ap|jeareci  to  he  arresie*!  In  the  moat  advanced  case,  wbiUt  a  decided 
tniprorement  took  rlai?e  in  the  condition  of  &  younger  ohild,  who  waii  proviottily 
passinf?  rapislly  Into  a  state  resemhlitig  that  of  hie  elder  brothers. 

+  **  Phy»iolog:ical,  Anatomical,  and  Fathohigical  lleaearehea,*'  p*  10. 

4:  "Lectures  en  Suigical  Pathology/'  vol  i.  p.  106, 
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the  process  of  reparation  may  be  carried  in  them  to  such  an  extetit,  as 
to  reproduce  the  whole  organism  from  a  very  small  portion  of  it.  In 
the  Hydra,  or  Fresh-water  Poljrpe,  there  would  seem  to  be  scarcely  any 
limit  to  this  power ;  for,  even  if  the  body  of  the  animal  be  minced  into 
small  fragments,  every  one  of  these  can  produce  a  new  and  perfect  being. 
In  this  manner,  no  less  than  forty  have  been  artificially  generated  from 
a  single  individual. — In  ascending  the  Animal  scale,  we  find  this  repara- 
tive power  less  conspicuous,  because  limited  in  its  exercise  to  particular 
tissues  and  to  comparatively  insignificant  parts  of  the  body  ;*  and  in 
Man,  as  in  other  warm-blooded  Vertebrata,  the  regenerative  power  is  for 
the  most  part  restricted  in  its  exercise,  as  Mr.  Paget  has  pointed-out,f  to 
three  classes  of  parts; — namely,  (1).  "  Those  which  are  formed  entirely 
by  nutritive  repetition,  like  the  blood  and  epithelia  (their  germs  being 
continually  generated  de  novo  in  the  ordinary  condition  of  the  body) ; 
(2).  Those  which  are  of  lowest  organization,  and  (what  seems  of  more 
importance)  of  lowest  chemical  character,  as  the  gelatinous  tissues,  the 
areolar  and  tendinous,  and  the  bones ;  (3).  Those  which  are  inserted  in 
other  tissues,  not  as  essential  to  their  structure,  but  as  accessories,  as 
connecting  or  incorporating  them  with  the  other  structures  of  v^etative 
or  animal  life,  such  as  nerve-fibres  or  blood-vessels.  With  these  excep- 
tions, injuries  or  losses  are  capable  of  no  more  than  repair  in  its  limited 
sense ;  t.^.  in  the  place  of  what  is  lost,  some  lowly-organized  tissue  is 
formed,  which  fills  up  the  breach,  and  suffices  for  the  maintenance  of  a 
less  perfect  life." — ^Yet,  even  thus  restricted,  the  operations  of  this  power 
are  firequently  most  remarkable ;  and  are  in  no  instance,  perhaps,  more 
strikingly  dii^layed,  than  in  the  re-formation  and  remodelling  of  an  entire 
Bone,  when  the  original  one  has  been  destroyed  by  disease.  That  this 
power  is  intimately  related  to  that  by  which  the  organism  is  normally 
built-up  and  maintained,  is  evident,  not  merely  from  the  peculiar  mode 
in  which  it  is  exercised, — its  tendency  being  always  to  reproduce  each 
part  in  the  form  and  structure  characteristic  of  it  at  the  particular 
period  of  life,  and  not  according  to  its  embryonic  type, — ^but  also  from 
the  fact  that  it  is  more  effectual  in  the  state  of  growth  than  in  the  adult 
condition,  and  that  it  can  do  fer  more  in  the  embryonic  state,  when  deve- 
lopment as  well  as  growth  is  taking  place,  than  afler  the  developmental 
process  has  ceased.  In  &ct,  as  Mr.  Paget  has  remarked  (loc.  cit.),  its 
amount  at  different  periods  of  existence,  as  in  different  classes  of  animals, 
seems  to  bear  an  inverse  ratio  to  the  degree  of  development  which  has 
already  taken  place.  Thus  it  is  well  known  to  every  Practitioner,  how 
much  more  r^ily  and  perfectly  the  lesions  resulting  from  accident  or 
disease  are  repaired  in  childhood  and  youth,  than  they  are  afler  the 
attainment  of  the  adult  state.  And  there  is  evidence  that  during 
embryonic  life,  the  regeneration  of  lost  parts  may  take  place  in  a  degree 
to  which  we  have  scarcely  any  parallel  afler  birth :  for  Prof.  Simpson  has 
brought-together  niunerous  cases,  in  which,  afler  *  spontaneous  ampu- 
tation' of  Sie  limbs  of  a  foetus,  occurring  at  an  early  period  of  gestation, 
there  has  obviously  been  an  imperfect  attempt  at  the  re-formation  of  the 
amputated  part  from  the  stump ;}  and  it  seems  probable,  from  the  history 
of  normal  development,  that  in  the  cases  in  which  perfect  hands  and  feet 

♦  See  "Princ  of  C«mp.  Phys.,"  chap,  xi.,  sect.  8.  t  Op.  dt.,  p.  1(J4. 

t  These  eases  were  broaght  by  Prol  Simpson  before  the  Physiological  Section  of  the 
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liave  been  present  ^Titliout  the  correaponding  liming  these  hands  and  feet 
hare  beee  eecondary  prcxluctions  from  the  Etiimps  of  amputate  limbs^ 
since  any  original  defect  of  development  wonJd  have  affected  the  hands 
and  feet  rather  than  the  arms  and  legs.  There  are  occasional  exam  plea, 
moreoY€a*t  in  which  this  regenerative  power  baa  been  prolonged  to  tm 
un usually 'iat€  period :  thus  an  instance  is  retorJed,  on  authority  that 
can  scarcely  be  doubted,  of  the  twice-repeated  reproduction  of  a  auper- 
numerary  thinub,  after  it  had  been  twice  completely  removed;*  and  the 
Author  has  been  assured  by  a  very  intelligent  surgeon,  that  he  was  cogni- 
zant of  a  case  in  which  the  whole  of  one  ramus  of  the  lower  jaw  having  been 
lost  by  disease  in  a  young  girl,  the  jaw  had  been  completely  regenerated, 
and  teeth  were  developed  and  occupied  their  normal  situations  in  it.f 

344.  It  lias  been  a  general  opinion  among  British  surgeons  {foimded 
upon  what  they  believe,  but  erroneously,  to  have  been  tlie  doctrine  of 
Hunter),  that  Inflammation  is  essential  to  the  proc^es  of  Heparatioii. 
There  is  no  doubt  that,  as  usually  conducted,  the  healing  of  wounds  is 
attended  by  a  greater  or  }em  degree  of  Inflammation ;  but  it  does  not 
thence  foOow  that  ttiis  morbid  condition  is  essential  to  the  renewal  of  the 
healthy  state ;  and  in  fact  it  can  be  shown  that,  in  the  majority  of  cases, 
the  occurrence  of  InHammation  is  injiu'ious  ratlier  than  beneficiaL  It 
was  by  Dr,  Macartney  that  the  first  clear  enimciation  of  this  important 
Irutli  was  made ;  and  his  conclusions,  foimded  upon  a  philosophical 
comparative  survey  of  the  operations  of  Reparation  imd  Inftammation  S8 
performed  in  the  different  claases  of  animals, — namely,  "  that  the  powera 
of  repaiation  and  reproduction  are  in  proportion  to  tlie  indisposition  or 
incapacity  for  inflammation; — that  inflammation  is  so  far  from  being 
Tieceasary  to  the  refmration  of  parte,  that,  in  proportion  as  it  exists,  the 
latter  is  impeded,  retarded,  or  prevented ; — that,  when  inflammation  does 
not  exist,  the  reparative  power  is  equal  to  the  original  tendency  to  pro- 
duce and  maintain  organic  fornj  and  structm^; — und  that  it  then  beoomea 
a  natural  function,  like  the  growth  of  the  individual,  or  the  reproduction 
of  the  species,*'^^ — may  be  regarded  as  substantially  correct^  althougli 
requiring  some  modification  in  pirticuliu'  cases. 

345.  The  simplest  of  all  the  methods  of  heiiling  of  an  open  wound,  h 
that  which  is  termed  by  Dr,  Macartney  ^  immediate  nnion/  It  is  often 
seen  in  the  case  of  small  incised  w^oimds,  such  as  cuts  of  the  fingers,  or 
the  inciuion  made  in  venesection,  in  which  the  two  edges  can  be  brought 
into  close  approxinTation,  bo  that  they  grow-togetlier  without  any  con- 
necting medium  of  blood  or  lymph ;  but  it  sometimes  occurs  in  larger 
ones,§  and  as  it  is  the  beat  imaginable  process,  the  surgeon  ought  to 

Bcitlali  Anodfttbti,  at  lie  Meeting  la  Edtabtugb,  kxig.  1S50.  Tbe  Author,  b&Ttdg  hjid 
ili6  opportunity  of  exAmiumg  two  living  examplee,  a«  weH  08  Prof.  Simpsoo's  prepara- 
Ui)U%  bi  perf«(Ttly  «atifified  aa  to  the  fnct. 

*  Sea  Mr.  White*a  Treatise  od  the  "Regeneration  of  Animal  aud  Vegetable  Sahitan€e%** 
(I78i5)  p.  10*  A  caw  h  now  under  Dr  Carj>enter*!a  ohHervation,  when?  the  reprodtictjon 
of  m  SQpeiniuinflrary  digit,  after  removAl^  httA  ooeurred  onre^  aod  a  ec'cond  operation  u 
postponed  till  the  child  has  censed  to  grow, — £j>. 

+  For  ADalDgoufi  caflca^  lee  '' Wa^er  on  Besecti*>nB,"  Syd-  Soc,  Tr&iiftL|  p.  187* 

t  Dr,  Macartney ^B  *'  Treatise  on  InfUtamation^^*  p.  7, 

I  Mr.  Paget  inentioiiR  a  tsiAeof  extirpation  of  a  mammaTjtamoarr  in  which  the  greater 
part  of  the  wound  waa  found  to  have  henJed  after  this  fi^Khion  ;  the  iskin  and  fascia  baling 
■0  fimilj  adiiGred,  that  no  mdi^tion  existed  of  their  prevlans  det&ohmfnt ;  and  no  eiFnoion 
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favour  it  as  mucH  as  possible,  by  procuring  the  inost  exact  coaptation  of 
the  wounded  parts,  and  by  repressing  any  tendency  to  inflammation 
which  will  interfere  with  it.  This  is  the  mode  of  union  which  was 
spoken-of  by  John  Htmter  as  *  healing  by  the  first  intention.'  He 
supposed  that  the  union  takes  place  through  the  medium  of  the  blood 
intervening  between  the  lips  of  the  wotmd,  which  undergoes  organization 
into  a  connecting  tissue ;  but  it  is  now  certain  that  although  blood  may 
become  organized,  especially  when  effused  into  a  wound  secluded  from 
the  air,  yet  that  its  intervention  opposes,  rather  than  fevours,  healing  by 
immediate  union. 

346.  That  which  is  commonly  known  amongst  British  Surgeons  as 
'  healing  by  the  first  intention,'  is  that  which  was  designated  by  Hunter 
as  *  union  by  adhesion '  or  by  *  adhesive  infiammation.'  This  process 
takes-place  in  the  case  of  incised  woimds,  of  which  the  edges  are  not 
brought  into  perfect  coaptation,  or  in  which  some  inflammatory  action  is 
present,  which  gives-rise  to  the  efiusion  of  plastic  lymph.  In  either 
case,  the  connection  is  finally  re-established  by  the  organization  of  the 
lymph,  into  which  vessels  pass  from  both  surfaces ;  but  the  intervention 
of  this  bond  is  manifested  in  the  persistence  of  the  cicatrix,  which  is 
quite  distinguishable  by  its  pecidiar  appearance  from  the  surrounding 
tissue.  A  very  good  example  of  this  process,  as  it  takes-place  under 
&vourable  circumstances,  is  presented  after  operations  for  hare-lip ;  the 
wound  left  by  which,  however,  may  partly  heal  by  *  immediate  union.* 
Even  the  moderate  effusion  of  lymph,  to  a  degree  that  is  altogether 
salutary,  cannot  be  r^^rded  as  alone  sufficing,  under  such  circumstances, 
to  constitute  Inflammation.  But  it  is  well  known  that  if  a  slight  wound^ 
which  is  thus  healing,  be  provoked  to  an  increased  degree  of  inflamma- 
tion, its  progress  is  interrupted ;  and  all  the  means  which  the  Surgeon 
employs  to  promote  union  are  such  as  tend  to  prevent  the  accession  of 
this  state. — The  only  case  in  which  the  concurrence  of  Inflammation  can 
be  regarded  as  salutary,  is  that  in  which  there  is  a  deficiency  of  Fibrin  in 
the  blood,  causing  a  deficient  organizability  of  the  lymph.  It  has  been 
seen  that  the  amount  of  fibrin  is  rapidly  increased  by  inflammation 
(§  178) :  and  the  Surgeon  well  knows  that  a  wound  with  pale  flabby  edges, 
in  a  depressed  state  of  the  system,  will  not  heal,  until  some  degree  of 
Inflammation  has  commenced.  But  when  the  inflammatory  state  has 
developed  itself,  in  however  trifling  a  degree,  there  is  always  a  risk  of  its 
proceeding  further,  and  occasioning  a  degeneration  of  the  plastic  material, 
so  that  the  formation  of  pus-cells  and  the  effusion  of  purulent  fluid  take 
place,  instead  of  the  development  of  imiting  tissue. 

347.  The  reparation  of  wounds,  in  which  there  has  been  so  great  a  loss 
of  substance  that  neither  immediate  union  nor  adhesion  by  a  thin  layer  of 
coagulable  lymph  can  take  place,  is  accomplished  by  the  gradual  develop- 
ment of  new  tissue  from  the  *  nucleated  blastema'  with  which  the  cavity 
is  first  filled.  But  this  may  take  place  in  different  modes,  according  to 
the  degree  in  which  it  is  disturbed  by  the  Inflammatory  process ;  and  it 
should  be  the  great  object  of  the  Surgeon  to  procure  the  most  favourable 
method  of  its  performance.  It  has  been  shown  by  Mr.  Paget*  that  the 
mode  in  which  the  process  of  fiUing-up  is  accomplished,  differs  essentially 

of  coagalable  lymph,  or  prodaction  of  a  connecting  tissue,  being  detectible  by  microscopic 
ex&miuation.     ('*  Lectures  on  Surgical  Pathology,"  vol.  i.  p.  193.)  *  Op.  cit. 
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according  aa  tlie  wound  ia  subcutaneous^  or  ia  expos^  to  air*  In  the 
Ibrmer  casa,  the  nucleated  biaatema  m  gradually  developed  into  fibrous 
tkauea  without  anj  loss,  and  ufiuaUy  with  freedom  irom  local  inifamnmi- 
tion  (beyond  what  may  huve  been  requisite  for  the  production  of  tli© 
pbistie  fluid),  as  well  as  from  constitutional  irritation.  In  the  latter  <^se^ 
the  nucleated  blastema  is  deT&Ioped  into  cells ;  and  those'  on  its  exposed 
surflicc  are  tmable,  either  from  degeneration  or  from  imperfect  develop- 
mentf  to  pass-on  to  any  higher  form  of  organ i^ati on ^  but  take-on  the 
characters  of  pus-cellsj  and  are  only  tit  to  be  cast-off.  Hence  tliere  is  a 
continual  loss  of  plastic  mater ial,  the  amount  of  which ,  in  the  ease  of  an 
extensive  suppurating  sore^  forma  a  moBt  serious  drain  upon  the  system  ; 
whilst^  at  the  sjime  time,  the  local  inHammation  givea-rise  to  more  or  le^ 
of  constitutional  disturbance,  and  the  formation  of  new  tisaue  is  by  no 
means  so  perlect  as  in  tJie  preceding  case.  In  cold-blooded  aniniala, 
however,  the  contact  of  air  does  not  produce  tiiis  difiturl>ance ;  and  W8 
see  wounds  with  extensive  loss  of  substance  gradually  filled -up  in  them 
by  the  development  of  new  tissue,  without  any  suppuration  or  other  waste 
of  material,  very  much  as  in  the  subcutaneous  wounds  of  warm-blooded 
animals.  This  method  of  healing,  which  has  been  termed  by  Dr.  Macartney 
the  *  motlelhng  process,'  ia  nothing  else  than  healing  by  granulations 
under  the  most  iavourable  circumstanLes  5  rmd  to  procure  this  sliould  be 
tlie  endeavour  of  the  SurgeoUt  who  too  frequently  considers  suppurative 
granulation  as  the  only  means  by  which  an  open  woimd  can  be  titled-up. 
The  difference  between  the  two  modes  of  reparation  is  often  one  of  Itte 
and  deatli,  especially  in  tlie  case  of  lai^ge  burns  on  the  trimk  in  children ; 
for  it  frequently  happens  tliat  the  patieat  sinks  under  the  great  constitu- 
tiooal  disturbance  occasioned  by  a  large  suppurating  surface,  although  ho 
has  sur\'ived  the  immediate  shock  of  the  injury. — Now  the  means  adopted 
by  Nature  to  bring  this  about,  in  warm- blooded  animal 8 j  is  the  formation 
of  a  scab;  which  reduces  the  wound  more  nearly  to  the  condition  of  a 
subcutaneous  one,  so  that  the  reparative  growth  and  formation  of  new 
tissue  take  place  (under  favourable  circiunstances)  without  any  suppura- 
tion, and  with  scarcely  any  irritation ;  the  subsequent  cicatrix^  too,  being 
much  more  like  the  natxiral  parts,  tJ^an  are  any  scars  formed  in  wounds 
that  remain  exposed  to  the  air.  In  the  Iliunan  subject,  however,  the 
process  is  far  less  certain  than  it  is  among  the  lower  animids,  owing  to  the 
liability  to  inflammation  in  the  woimded  part,  and  the  consequent  effusion 
of  finid,  which  prodiices  pain,  compresses  the  wounded  suiiace,  or  forces 
off  the  scab,  with  great  diaoomfort  to  the  f}atientj  and  retardation  of  th© 
healing.  Small  wounds,  however,  in  persons  of  good  habit  of  body,  and 
in  parts  which  can  be  completely  kept  at  rest^  readily  heal  in  this  manner; 
and  large  wounds  have  been  known  to  close,  in  the  ^me  desirable  mode, 
beneath  a  clot  of  inspissated  blootl.  In  fact,  among  'uncivilised*  nations, 
whose  habits  of  life  are  favourable  to  health, — tlieir  bodies  being  con* 
tinualiy  exposed  to  fresh  air,  their  food  wholesome  and  taken  in  modera- 
tion, and  their  drink  water  or  otlier  unstimulating  liquids, — there  seemf 
to  be  as  great  a  tendency  to  tliis  method  of  re[)aration,  as  exists  among  the 
lower  animals  ;  and  the  difficulty  of  procuring  it  among  the  memb^s  of 
'civili;eed*  communities,  is  owing,  without  doubt,  to  the  linnaiwrrt/ condi- 
tions under  which  they  too  frequently  live-  Seeing  ub  we  continually  do, 
the  effecbs  of  foul  air,  of  habitual  excess  in  diet,  and  of  the  constant  abuse 
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of  stimulants,  in  impairing  that  form  of  the  reparative  process  which  must 
be  regarded  as  the  least  fe,vourable,  namely,  ihe  closure  of  a  wound  by 
suppurating  granulations,  it  is  very  easy  to  comprehend,  that,  to  induce 
the  most  favourable  method,  the  most  perfect  freedom  from  all  pernicious 
agencies  should  be  required. 

348.  The  most  effectual  means  of  promoting  this  kind  of  Reparative 
process,  and  of  preventing  the  interference  of  ln£ammation,  vary  accord- 
ing to  the  nature  of  the  injury.  The  exclusion  of  air  from  the  surlace, 
and  the  regulation  of  the  temperature,  appear  the  two  points  of  chief 
importance.  By  Dr.  Macartney,  the  constant  application  of  moisture  is 
also  insisted  on.*  He  states  that  the  immediate  effects  of  injuries,  espe- 
cially of  such  as  act  severely  upon  the  sentient  extremities  of  the  nerves, 
are  best  abated  by  the  action  of  '*  steatn  at  a  high  but  comfortable  tem- 
perature, the  influence  of  which  is  gently  stimulant,  and  at  the  same  time 
extremely  soothing."  Afler  the  pain  and  sense  of  injury  have  passed 
away,  the  steam,  at  a  lower  temperature,  may  be  continued ;  and,  accord- 
ing to  Dr.  M.,  no  local  application  can  compete  with  this,  when  the 
Inflammation  is  of  an  active  character.  For  subsequently  restraining 
this,  however,  so  as  to  promote  the  simple  re})arative  process,  Water- 
dressing  will,  he  considers,  answer  sufficiently  well ;  its  principal  object 
being  tJbe  constant  production  of  a  moderate  degree  of  Cold,  which  dimi- 
nishes, whilst  it  does  not  extinguish,  sensibility  and  vascular  action,  and 
allows  the  Reparative  process  to  be  carried-on  as  in  the  inferior  tribes  of 
animals.  The  reduction  of  the  heat  in  an  extreme  d^ee,  as  by  the 
application  of  ice  or  iced  water,  is  not  here  called-for,  and  would  be  posi- 
tively injurious ;  since  it  not  only  renders  the  existence  of  Inflammation 
in  the  part  impossible,  but,  being  a  direct  sedative  to  all  vital  activity, 
suspends  also  the  process  of  restoration.  The  efficacy  of  Water-dressing 
in  injuries  of  the  severest  character,  and  in  those  which  are  most  likely  to 
be  attended  with  violent  Inflammation  (especiaUy  wounds  of  the  large 
joints),  has  now  been  established  beyond  all  question ;  and  its  employ- 
ment is  continually  becoming  more  general.f — Other  plans  have  been 
proposed,  however,  which  seem  in  particular  cases  to  be  equally  effectual. 
To  Dr.  Greenhow,  of  Newcastle,  for  instance,  it  was  accidentally  sug- 
gested, a  few  years  since,  ^  to  cover  the  surface  of  recent  bums  with  a 
liquefied  resinous  ointment,  so  as  to  form  an  artificial  scab;  and  he  states 
that  in  this  manner  suppuration  may  be  prevented,  even  where  large 
sloughs  are  formed ;  the  hollow  being  gradually  filled-up  by  new  tissue, 
which  is  so  like  that  which  has  been  destroyed,  that  no  change  in  the  sur- 
face manifests  itself,  and  none  of  that  contraction,  which  ordinarily  occurs 
even  under  the  best  management,  subsequently  takes  place. — ^A  plan  haa, 
moreover,  been  proposed  for  preventing  suppuration  and  promoting 
reparation  by  the  *  modelling'  process,  which  consists  in  the  application  of 
warm  dry  air  to  the  woimded  surface.  Although  the  experiments  yet 
published  have  not  been  entirely  satisfactory,  they  seem  to  sliow  tJiat 
whilst  the  process  of  healing  may  be  slower  imder  treatment  of  tliis  kind, 
it  is  attended  with  less  constitutional  disturbance  than  is  often  unavoid- 

•  "Treatise  on  iDflammation,**  p.  178. 

t  See  an  account  of  the  results  of  this  treatment  by  Dr.  Gilchrist,  in  "  Brit,  and  For. 
Med.  Rev.,"  July  184ti,  p.  242. 

I  "Medical  liazette,'  Oct.  13,  1838. 


560 


OF  mJTRITION- 


able  in  the  ordinary  method ;  and  that  it  maj^  therefore^  ^  adTan- 
tageotiflly  put  in  pTactic^  in  those  cases,  in  which  the  condition  of  the 
patient  requires  every  precaution  against  such  aa  additional  burthen, — 
as  after  arai>utation  in  a  strumous  aubject,* 

349.  Wben  the  proccaa  of  healing  of  an  open  wound  hy  Buppurallv© 
Granulation  is  attentively  watdied^  it  is  seen  that  the  first  stage  is  tha,^ 
formation  of  a  '  glazing'  on  the  exposed  surface,  which  closely  reseniblea  ' 
the  bufiy  coat  of  tlie  blood,  being  composed  of  coagulated  fibrin  and 
colourless  corpuscles ;  in  this  manner  a  sort  of  imjierlect  epithelium  may 
be  formed,  within  half  an  hour  after  the  surface  has  been  laid -bare.  The  \ 
increase  of  this  gkzing  is  the  prelude  to  the  formation  of  granulations; 
but  whilst  it  is  going-on,  there  is,  in  and  about  the  wound,  an  appearance 
of  complete  inaction,  a  sort  of  calm,  in  which  scarcely  anything  appears 
except  a  slight  ooKing  of  serous  ^uids  from  the  wound,  and  which  con- 
tinues  from  one  day  to  eiglit,  tei^,  or  niore^  according  to  tJje  nature  and 
extent  of  the  wounded  part,  and  the  general  condition  of  the  biidy.  "ThiaJ 
ealm,'^  says  Mr.  Paget,  "  may  he  the  browling-time  for  either  good  or 
evil ;  whilst  it  lasts,  the  mode  of  union  of  the  wound  will,  in  many  cases, 
be  determined  j  the  heahng  may  be  perfected^  or  a  slow  uncertain  process 
of  repair  may  be  but  just  begun ;  and  the  mutual  influence  which  the 
injury  and  the  patient's  eonstitution  are  to  exercise  on  one  another, 
appears  to  be  manifested  more  often  at  or  near  the  end  of  this  period^  ' 
than  at  any  other  time."  The  ceaaation  of  thia  period  of  cidm,  and  the 
active  commencement  of  the  reparative  opera tions,  are  marked  by  the 
restoration  of  the  i!ow  of  blood  in  the  vessels  of  the  wounded  part ;  but  \ 
the  current  is  not  altogetlier  normal,  being  slower  but  fiiller  tlian  natural, 
eo  that  on  the  whole  more  blood  than  uauid  passes  through  the  capillary 
plexus.  This  increased  fdHux  of  blood  is  IbDowed  by  effusion  of  plastic 
material  in  increased  proportion ;  and  it  is  irom  this  effusion  that  the 
granulating  process  properly  commences, — The  plastic  material  effused 
upon  the  s;iriiice  of  an  open  wound,  is  first  developed  into  cells;  and 
these  cells,  in  the  deeper  portions  of  the  effusion,  are  metamorphosed 
into  fibrous  tissue,  of  which  the  substance  of  the  granulations  is  composed* 
Those  which  are  formed  ujjon  the  smface,  however,  are  converted  into 
pus-cells ;  in  some  instances  (as  Mr.  Paget  has  pointed-out)  by  dege- 
neration from  a  higher  development;  in  other  cases  by  an  originally 
imperfect  developnient :  and  thus  the  granulation- surface  is  constantly  in 
a  state  of  morbid  action,  and  a  large  proportion  of  the  plastic  material  is 
completely  wasted.  The  layer  of  pus,  however,  serves  as  a  sort  of  epithe- 
lium for  the  subjacent  granulation -tissue,  in  which  we  find  not  only  a 
complete  formation  of  cells,  but  a  commencement  of  the  nietiunorphosis 
of  these  cells  into  fibres,  before  blood-vessels  make  their  appearance  in  the 
tissue.  These  blood -vessels  are  formed  by  **  out-growtli'^  from  the  subja- 
cent capillaries.  From  the  investigations  of  Mr,  Liston,  it  api>ears  that  the 
vessels  of  the  subjacent  tissue  are  much  enlarged,  and  assume  a  varicose 
character.  The  bright  red  colour  of  the  granulations,  however,  does  not 
depend  on  tl^eir  vascularity  alone ;  for  the  cells  them  selves,  espeeialij 
those  most  recently  evolved,  are  of  nearly  as  deep  a  colour  as  the  blood- 
corpusdes;   and   the   sanguineous  exudation  which   follows   even   the 

*  Seo  M«  Julea  Qajol,  "De  rcmplul  de  k  Clialctar  daa^le  Tmitement  d«e  Ctedt^s,  ko. *' 
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slightest  touch  of  the  granulating  sur&ce,  does  not  proceed  from  blood 
efEused  from  the  newly-formed  vessels  only ;  for  the  red  fluid  shed  in  this 
manner  contains,  besides  blood-discs,  newly-developed  red  cells,  ruddy 
cytoblasts,  pale  granules,  and  reddish  serum.  It  is  a  common  property  of 
animal  cjrtoblasts,  that  they  present  a  reddish  colour  on  their  first  forma- 
tion, when  in  contact  with  oxygen;  but  this  hue  they  lose  again,  whether 
they  advance  to  perfect  development  and  become  integral  parts  of  a  living 
tissue,  or  die  and  degenerate. 

350.  The  process  of  Suppurative  Granulation,  then,  appears  to  differ 
from  the  process  of  granidation  as  it  takes  place  in  closed  wounds,  or  in  a 
warm  moist  atmosphere  (the  *  modelling-process'  of  Dr.  Macartney), 
essentially  in  this : — that  a  large  part  of  the  exudation-corpuscles  deposited 
on  the  wounded  surface  degenerate  into  pus  in  the  former  case,  whilst 
none  are  thus  wasted  in  the  latter ; — ^but  that  the  existence  of  inflamma- 
tion occasions  a  more  copious  supply  of  fibrin  in  the  former  case,  and 
increases  its  tendency  to  become  organized:  the  filling-up  of  a  wound  with 
granulations  being  l^us  a  much  more  rapid  process,  than  that  renewal  of 
the  completely-formed  tissues  which  may  take  place  in  the  absence  of 
inflammation.  The  imperfect  character  of  the  granulation-structure  is 
shown,  by  the  almost  complete  disappearance  of  it  after  the  wound  has 
closed-over.  The  portion  of  it  in  immediate  contact  with  the  subjacent 
tissue,  however,  appears  to  imdergo  a  higher  organization ;  for  it  becomes 
the  medium  by  which  the  cicatrix  is  made  to  adliere  to  the  bottom  of  the 
wound.  It  is  very  liable  to  undergo  changes  which  end  in  its  disintegra- 
tion ;  as  is  evident  from  the  known  tendency  to  re-opening,  in  wounds 
that  have  been  closed  in  this  manner. 

351.  When  two  opposite  sur&,ces  of  granulations,  well  developed,  but 
not  yet  covered  with  cuticle,  are  brought  into  apposition,  they  have  a 
tendency  to  unite,  like  the  two  original  surfaces  of  an  incised  wound. 
This  method  of  imion,  which  was  noticed  by  John  Himter,  has  been 
appropriately  termed  *  secondary  adhesion'  by  Mr.  Paget.  The  surgeon 
may  firequently  have  recourse  to  it  with  great  advantage,  when  primary 
adhesion  is  impossible,  and  when  the  fllling-up  of  the  wound  with  granu- 
lations woidd  be  a  tedious  process,  and  very  exhausting  to  the  patient. 
In  applying  it  to  practice,  it  is  essential  to  success,  first,  that  the  granu- 
lations should  be  healthy,  not  inflamed  or  profusely  secreting,  nor  degene- 
rated as  those  in  sinuses  commonly  are ;  and  secondly,  that  the  contact 
between  them  should  be  gentle  but  maintained  :  it  seems  desirable,  also, 
that  the  granulation-surfaces  should  be  as  much  as  possible  of  equal 
development,  and  alike  in  character.* 

4.  Abnormal  Fonna  of  the  Nutritive  Process. 

352.  Under  the  preceding  head  we  have  considered  the  chief  variations 
in  the  degree  of  activity  that  are  witnessed  in  the  ordinary  or  normal 
conditions  of  the  Nutritive  process, — those  conditions,  namely,  in  which 
the  products  are  adapted,  by  their  similarity  of  character,  to  replace  those 

*  On  tbe  whole  subject  of  the  Beparative  Processes,  see  Mr.  Faget's  admirable  "  Lec- 
tares  on  Surgical  Pathology"  (vol.  i.  Lect.  vii.-xii.) ;  from  which  many  of  the  forcing 
statemenU  and  doctrines  are  adopted. 
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which  have  been  removed  by  disintegration.  But  we  have  now  to  con- 
6tder  those  formal  of  thiB  process  in  which  the  producta  are  abnQnnnl^ — 
being  different  Irom  the  tissues  tliey  ought  to  replace*  We  shall  coulioo 
ourselvea  to  a  brief  exaiiiiniition  oi'  a  few  of  some  oi'  tlie  most  imjiortaiit 
of  tlieae  states ;  and  that  which  first  claims  our  eonsideration,  on  iiccount 
of  the  frequency  of  its  oceturcnco  and  die  importance  of  its  reeiUta,  ia 
I nJiammaU'on.-^ Although  Pathologists  ha.ve  been  accustomed  to  look  for 
the  *  pToximate  ciULse'  of  the  phenomena  which  essentially  constitute  the 
intlamniatory  statet  or,  in  other  words^  for  the  first  dejjarture  from  the 
normal  course  of  vital  action,  in  the  enlarged  or  contracted  dimensions  of 
the  blood* vessels  of  the  inflamed  jjiart,  or  in  Uie  altered  rate  of  inovement 
of  the  blood  through  it,  yet  it  may  now  be  safely  atfirmcd  that  tliese  are 
only  secondiu*y  alterations,  depending  upoti  an  original  and  essential  per- 
version of  that  noTiniU  reaction  between  the  blood  and  the  tiBSues,  whieli 
constitutes  the  proper  Nutritive  process.  This  perversion  maiiifesta  itself 
(1)  in  a  diminution  in  the  formative  activity  of  the  tissues,  leadijig  to 
their  degeneration  and  death ;  (2)  in  an  angmentatioa  of  the  phiHtic  com- 
ponents of  the  blood,  proceeding  in  all  probability)  as  Yircliow  has  sug- 
gested, fi-om  their  increased  local  production,  aud  8ubse(itienfc  conveyance 
into  the  circulating  fluid  by  the  1  jniphatica ;  and  (3)  in  tliese  newiy- 
formed  materials  ap[x^ring  either  in  a  state  in  which  tJiey  may  pass  into 
u  low  ibrm  of  organized  tissue,  or  in  such  a  degraded  condition  that  they 
are  altogether  unorganizable,  and  are  fit  only  to  be  cast^out  from  the  body. 
Each  of  these  phenomena  requires  a  separate  exanunation,  botli  as  to  its 
causes  and  its  consequences. 

353.  Although  it  has  been  customary  to  speak  of  Inflammation  as  a 
state  of  *  increased  action'  in  the  part  aflected,— of  which  increased  action, 
the  augmentation  in  the  bulk  and  weight  of  an  inJliuned  |mrt,  and  in  tlie 
quantity  of  blood  which  passes  throngh  it,  together  with  its  higher  tem- 
perature and  more  acute  senaibility,  would  eecm  to  furniah  sidiicient 
evidence,^ — yet  all  thcfje  signs  are  ibnnd  to  be  deceptive,  when  tliey  ar© 
more  closely  examined ;  and  tlie  conclusion  is  forced  upon  us,  that  the 
vital  power  of  the  jiart  ia  really  depressed  rather  than  exalted.  For  tlie 
increase  in  bulk  and  weight  is  not  dae  to  such  an  auginentjition  of  ita 
projier  tissne,  as  would  truly  conBtitute  Hypertrophy ;  on  tlie  contrary, 
even  in  tlie  slightest  forms  of  Inflammation  there  is  such  a  diminution  in 
the  rate  oi'  its  nutrition,  as  really  constitutes  Atrophy ;  and  such  augmen- 
tation of  the  solid  mass  as  may  tiike  place,  is  produced  by  the  paseag©  of 
the  fluid  which  sliould  properly  have  been  applied  to  the  nutrition  of  the 
fMUl,  into  an  orgmii^ed  tissue  of  the  lowest  kind,  and  this  in  virtue  ratlier 
of  its  o^vn  plasticity,  than  of  the  vital  Ibrce  which  it  d<;Tives  from  the 
tia^nes  which  it  infiltnites.  That  there  Ims  been  an  atrophy  ratlier  than 
a  hypertrophy  of  the  proper  fabric  of  the  part,  becomes  evident  enough 
when  the  inflammation  has  passed-away,  and  this  newly-ibrmed  tissue 
undergoes  degeneration  and  absorption.  The  only  tissues  in  which  there 
is  any  appearance  of  increased  formation  during  tlie  inflammatory  state, 
are  those  which  correspond  in  their  low  tyjiQ  of  organization  with  tlie  new 
tiBrtiie  thus  generated  ;  namely,  the  areolar  and  other  simple  fibrous  tissuea, 
ami  also  the  osseous,  in  all  of  which,  as  Virchow  has  shown,  the  cells 
undergo  remarkable  increase,  constituting  what  he  has  termed  Hy^icr- 
plusisi,  or  a  fbruuition  of  new  dements,  iu  op[josition  to  Hyjsertrophy,  or 
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an  increase  in  the  nutrition  of  existing  parts.*  When  the  Inflammation 
is  more  severe,  the  tendency  to  degeneration  in  the  proper  tissues  of  the 
part  becomes  very  obvious :  for  it  is  by  their  interstitial  decay  and 
removal,  that  the  cavity  of  an  abscess  is  formed ;  it  is  by  their  superficial 
death  and  absorption  or  solution,  that  ulceration  takes  place ;  and  it  is  in 
the  death  of  a  whole  mass  at  once,  that  gangrene  consists. 

354.  That  a  diminution  in  the  formative  activity  of  the  Tissues  is  an 
essential  characteristic  of  the  Inflammatory  state,  further  appears  irom  the 
study  of  its  Etiology  ;  for  whether  the  causes  to  which  the  inflammatory 
attack  may  be  traced  are  local  or  general,  acting  primarily  upon  the 
tissues  of  the  part,  or  first  afEecting  the  blood,  their  operation  is  essentially 
the  same.     Thus  the  local  causes  are  all  obviously  such  as  tend  either 
directly  to  depress  the  vital  powers,  or  to  elevate  them  at  first,  and  then 
to  depress  them  by  exhaustion.     Of  the  former  kind  are  cold  and  mecha- 
nical injury ;  also  many  chemical  agents,  whose  operation  tends  to  bring 
back  the  living  tissues  to  the  condition  of  inorganic  compounds.     Under 
the  latter  category  are  to  be  ranked  all  those  agencies,  which  produce 
over-exertion  of  the  functional  power  of  the  part;  amongst  which  may  be 
named  heat,  when  not  so  excessive  as  to  produce  a  directly  destructive 
effect.     Now  cold,  heat,  chemical  agents,  and  mechanical  injury,  when 
operating  in  sufficient  intensity,  at  once  kill  the  part,  by  entirely  destroy- 
ing, instead  of  merely  depressing,  its  vital  powers;  and  it  is  on  the 
borders  of  the  dead  part,  where  die  cause  has  acted  with  less  potency, 
that  we  find  the  inflammatory  state  subsequently  presenting  itself. — On 
the  other  hand,  there  can  be  no  doubt  that  many  inflammations  have 
their  origin  in  morbid  conditions  of  the  Blood,  which,  without  any  other 
cause  whatever,  may  determine  all  the  other  phenomena.     This  is  most 
obvious  with  regard  to  those  of  a  *  specific!  kmd ;  but  it  is  also  probably 
true  of  the  majority  of  the  so-called  spontaneous  or  constitutional,  as 
distinguished  firom  traumatic  inflammations.     We  seem,  indeed,  to  be 
able  to  trace  a  regular  gradation,  between  inflammatory  attacks  which  are 
entirely  traceable  to  the  introduction  of  a  poison  into  the  blood,  and 
those  which  result  firom  causes  purely  local.     Under  the  first  head,  we 
may  unquestionably  rank  such  inflammatory  diseases  as  are  produceable 
by   inoculation,  the   eruptive  fevers  for  example;    and  scarcely   less 
thoroughly  demonstrated  are  the  cases  of  rheumatism  and  gout,  and 
many  inflammations  of  the  cutaneous  textures,  which,  when  occurring  in 
the  chronic  form,  tend  to  exhibit  a  regular  symmetry  (§  198).     In  all 
such  cases,  the  local  aflections  are  tlie  external  signs  of  the  general  aflec- 
tion  of  the  blood,  just  as  are  the  inflammations  produced  by  the  intro- 
duction of  arsenic  or  of  other  irritant  poisons  into  the  circulation ;  and 
they  may  in  fact  be  reasonably  attributed  to  the  impairment  of  the 
formative  activity  of  the  parts  upon  which  these  poisons  fix  themselves, 
in  virtue  of  their  *  elective  affinity'  (§  202),  just  as  the  peculiar  functional 
activity  of  the  nervous  centres  is  afi'ected  by  narcotic  poisons.     And  this 
view  of  the  really-local  action  of  what  are  primarily  regarded  as  general 
or  constitutional  causes  of  inflammation,  is  confirmed  by  the  fact,  that 
the  localization  of  the  perverted  nutritive  condition  is  oflen  determined 
(as  both  Dr.  W.  Budd  and  Mr.  Paget  have  remarked)  by  a  previous  or 

*  "CeUular  Pathology,^'  1860,  p.  403. 
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concurrent  weakening  or  depression  of  the  vital  activity  of  the  part,  Tims 
a  part  which  haa  been  tlae  seat  of  former  disease  or  injury,  and  which  baa 
never  recovered  its  vigonr  of  nutrition,  is  always  more  liable  than  another 
to  be  the  seat  of  local  nianitfest^ition  of  hi ood -disease ;  it  ia^  in  common 
lajiguage,  the  *■  weak  part.'*  And  it  frequently  needs  such  a  concnrrent 
operation  of  a  local  depresai«g  cause,  to  fix  and  dei'elope  tlie  action  of  the 
constitutional  cause,  or  blood -disorder ;  thus,  a  rheumatic  or  gouty  dla- 
thesis  may  exist  for  some  time  (as  when,  to  use  a  common  expression, 
the  disease  is  *  flying  about '  the  patient)^  and  yet  the  poison  may  not 
have  sufficient  potency  to  produce  an  attack  of  acute  inflammation,  until 
the  vitality  of  some  partictdar  organ  becomes  depressed  by  cold,  over- 
exertion, or  some  similar  inilucnce,  which  would  not  have  itsell* engen- 
dered the  diseased  action,  had  it  not  been  for  the  concurrence  of  the 
morbid  condition  of  the  hlood. — ^Thus  wo  seem  justified  in  concluding, 
tlmt,  whether  the  causes  of  Inflammation  act  directly  upon  the  tissues  of 
a  part,  or  wliether  tliey  act  ufxjii  it  through  the  intermediation  of  the 
blood,  their  eiiect  is  to  produce  a  depression  in  its  vital  powers,  whicJj 
manifests  itself  in  a  dejicient  as  well  as  aifttontutUt/  directed  JontHtti^e 
aetimtf/^  and  in  <ia  increased  tendafrf/  to  degeneration ,'  and  that  this  lA 
one  of  the  primary  and  essential  conditions  of  Inflammation, 

355.  This  view  is  by  no  means  Inconsistent  with  tlie  occurrence  of 
other  manifestations  of  Inflammation  which  have  1>een  supposed  to  indi- 
cate *  increased  action  f  and,  in  fact,  it  is  in  such  striking  accordance  with 
the  phenomena  presented  by  tho  movement  of  the  blood ,  when  these  are 
interpreted  by  the  principles  already  laid-dowTi,  as  to  afford  a  i>owerl\il 
confirmation  to  both  doctrines.  The  usual  condition  of  the  vessels  of  an 
inflamed  part,  is  one  of  dilatation ;  and  this  may  be  fairly  attributed  to 
tlie  lowered  vitality  of  their  walls,  whereby  they  yield  too  readily  to  the 
distending  force  of  the  current  of  blood*  But  this  current  moves  too 
slowly;  and  its  retardation  may  gradually  increase,  in  the  part  most 
intensely  inflamed,  to  the  point  of  complete  stagnation.  Now  tliis  altered 
rate  of  movement  cannot  be  attributed  to  any  general  cause  :  nor  can  it 
be  accounted-for  by  the  change  in  the  diameter  of  the  veaselB ;  for,  on  tlie 
one  hand,  it  may  occur  with  a  constricted  state  of  the  vessels,  whilst, 
on  the  other,  in  the  ve;asels  surroimding  tlie  inflamed  part,  which  partake 
of  the  dilated  condition,  tlie  flow  of  blood  is  so  far  from  being  retarded, 
that  it  usually  takes-place  more  rapidly  dian  usual  But  it  may  be  Jkirly 
considered  as  the  result  of  the  lowered  or  suspended  nutritive  activity  of 
the  part,  which  will  tend  to  retard  or  entirely  check  tlie  motion  of  blood 
in  tlie  Bj'Stemic  capllliiries,  ju.^t  as  the  w-ant  of  aeration  retards  or  checks 
tlie  pulmonary  circulation  (§  245),  It  is  quite  true  that  a  larger  amount 
of  blood  passes  through  a  limb,  of  which  some  part  is  in  a  stale  of  active 
inflammation,  than  j.tasses  through  the  corresponding  sound  limb;  but 
thid  is  far  from  indicating  '  increased  action  *  in  the  inflamed  part,  being 
dependent  upon  the  augmented  flow  of  blood  through  the  tissues  which 

*  ThuB  Impt^tigQ  ftppeAT?  about  l)low&  and  acr^tcliC9  in  unhealthy  diildren,  and  Er^si- 
^las  drst  attacks  the  seat  of  Ick'aI  iujarj  tn  men  with  unheal th)'  tilood.  Perheipa  as  good 
jin  exiiinple  at  ^nj^  i»  affyrtJed  by  theunifana  litnitatioa  of  the  inflammation  conscqqent 
iipfm  die  Lntrf)duction  of  Vnecine  matter  into  tbe  blood p  to  the  Apoti»  in  which  the  puncture 
VfaM  nmd^ ;  noiwithBtivnditig  tlmt  thu  ivbgle  maiui  of  blood  k  affected  by  iU  lui  is  bhowtt 
hy  iti  mcapftcity  for  iubvequeotlydeveluping  the  poi^n  of  Bmall-poxp^Sce  also  ^  SilO. 
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surround  it ;  and  if  the  whole  of  a  limb  be  in  a  state  of  inflammation 
passing-on  to  gangrene  (as  occurs  when  a  '  frost-bitten '  limb  has  been 
incautiously  warmed),  the  amount  of  blood  which  passes  through  it  is 
diminished. — It  would  be  just  as  erroneous  to  assume  the  elevated  tem- 
perature of  an  inflamed  part  as  a  sign  of  ^  increased  action*  in  it ;  for  this 
elevation  is  no  doubt  attributable  in  part  to  the  augmented  flow  of  blood 
through  the  surrounding  vessels ;  and,  so  far  as  it  depends  upon  local 
changes,  it  obviously  indicates  a  more  rapid  disintegration  of  tissue, 
rather  than  a  more  energetic  production  of  it ;  since  it  is  in  the  former 
state,  rather  than  in  the  latter,  that  the  conditions  of  the  development  of 
heat  (on  the  chemical  theory)  are  supplied,  as  we  see  that  the  heat  of  a 
muscle  is  the  greatest  when  it  is  being  disintegrated  by  active  exercise, 
not  when  it  is  being  repaired  by  the  formation  of  new  tissue  in  the 
intervals  of  repose.  But,  as  Mr.  Paget  justly  remarks,  "  this  phenomenon 
is  involved  in  the  same  difficulty  as  are  all  those  that  concern  the  local 
variations  of  temperature  in  the  body ;  difficulties  which  the  doctrines  of 
Liebig,  however  good  for  the  general  production  of  heat,  are  quite  imable 
to  explain."  (See  chap,  x.)— And  lastly,  with  regard  to  ihe  unusual 
tenderness  of  inflamed  parts,  this  is  obviously  due  to  such  a  combination 
of  causes,  neither  of  which  can  be  legitimately  held  to  indicate  an  increase 
of  its  proper  vital  activity,  that  nothing  can  be  rested  on  this  alone ; 
especially  as  we  see  an  augmentation  in  the  susceptibility  of  the  sentient 
nerves,  under  many  circumstances  (as  in  hysterical  disorders)!  in  which, 
far  from  an  augmented j  there  is  obviously  a  diminished  activity  in  the 
parts  from  which  they  spring. — That  neither  an  alteration  in  the  circula- 
tion of  a  part,  nor  a  departure  from  the  normal  condition  of  its  nervous 
supply,  can  be  regarded  as  one  of  the  essential  phenomena  of  inflamma- 
tion, is  obvious  from  this,  that  the  most  important  phenomena  of  inflam- 
mation may  present  themselves,  as  restdts  of  injury  or  disease,  in  parts 
that  have  neither  blood-vessels  nor  nerves  :  this  is  seen  in  the  deposition 
of  lymph  in  the  cornea,  in  the  ulceration  of  the  cornea  and  of  articular 
cartilages,  and  in  other  morbid  actions  in  these  parts,  which,  if  ever 
they  are  vascular,  become  so  only  after  the  effusion  of  lymph  in  them, 
the  new  vessels  being  formed  in  this  lymph,  jmd  not  in  the  tissues  them- 
selves. Here  it  is  obvious  that  the  whole  change  consists  in  a  perversion 
of  the  nutritive  actions  which  the  tissues  ought  to  carry-on,  at  the  ex- 
pense of  the  materials  which  they  draw  from  the  blood  of  the  surround- 
ing vessels. 

356.  Of  the  alterations  in  the  condition  of  the  Blood  in  Inflam- 
mation, an  account  has  already  been  given  (§  177)  ;  and  it  is  here  only 
necessary  to  recapitulate  them.  The  most  characteristic  is  the  augmen- 
tation, either  of  the  organizable  or  plastic  fibrin,  or  of  the  organized 
colourless  corpuscles ;  the  increased  production  of  these  two  components 
seeming  to  bear  in  some  degree  a  relation  of  reciprocity,  the  one  to  the 
other.  The  increase  of  Fibrin  may  be  considered  as  the  alteration  most 
characteristic  of  a  previously-healthy  and  vigorous  state  of  the  system ; 
and  it  is  in  the  inflammations  which  occur  in  such  subjects,  that  the 
effusions  are  most  strongly  disposed  to  become  organized,  and  show  the 
least  tendency  to  undergo  degenerative  changes.  On  the  other  hand,  the 
increase  of  the  Corpuscular  element  seems  to  occiu:  in  cachectic  or  other- 
wise unhealthy  individuals ;  and  the  inflammatory  effusions  which  partake 
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of  the  sams  cliaracter,  are  far  leas  plastic  originally,  and  are  extremely 
prone  to  undergo  degeneTatiou^  either  at  the  time  of  their  effusion,  or 
»ubaequently.  With  this  increase  in  the  proportion  of  fibrin  and  colour- 
less corpuscles,  separately  or  in  combination,  there  is  a  diminution  ill  the 
proportion  of  the  red  corpuscleSj  albumen,  and  salta  of  the  blood.  None 
of  these  changes,  however^  can  be  legitimately  regarded  as  originally  or 
fjssontially  characteristic  of  the  inilammatoiy  conthtion;  they  are,  in 
fact,  to  be  looked^on  rather  as  the  results  of  its  aatablishment,  constituting 
that  series  of  alterations  in  the  circulating  fluid,  which  la  of  parallel  order 
to  that  whicli  occura  in  the  solid  tissues  wherein  tl;e  inflammatory  action 
has  been  set-up. 

Bhl^  The  luffammatory  state  is  fiirtlier  characterised  by  the  ejfimon 
and  local  production  of  certain  of  the  components  of  the  Blood,  either 
u|K>n  the  surface,  or  into  the  substance,  of  the  inflamed  tissues. — The 
effusion  of  pure  serum  cannot  be  regarded  as  characteristic  of  inflanima- 
tion ;  since  it  may  take-place  as  a  mere  result  of  congestion,  especmlly 
when  this  congestion  is  due  to  an  obstruction  to  the  return  of  tlie  blood ; 
whilst,  again,  it  uriay  be  due  to  an  altered  condition  of  the  albuminous 
constituent  of  the  blood,  which  favours  its  transudation  {§  173).  The 
so-called  serous  effusioufi  which  are  poured- forth  in  inflammation,  do  In 
reality  contain  fibrin  in  solution  ;•  but  this  fibrin  nmy  not  raanifest  its 
presence  by  spontaneous  coagulation,  tmtil  its  passage  iato  the  solid  sUitc 
is  favoured  by  the  introduction  of  a  piece  of  the  washed  clot  of  blood,  or 
of  the  buffy  coat,  or  of  muscle  or  some  other  animal  tissue,  which  seems 
to  act  as  a  sort  of  nucleus  of  fibrillation.  The  preRoncc  even  of  fibrin  in 
auch  an  effusion,  however,  is  not  in  itself  a  sufficient  proof  of  tlio  existence 
of  inflammation ;  for  it  has  l>een  shown  by  the  experiments  of  Mr. 
BobinBon,f  that  when  tho  obstrnction  to  the  return  of  blood  by  the  veins 
is  so  great  as  to  occasion  an  exc^jssive  pressure  within  the  capiUaries,  tli© 
fluid  which  transudes  may  contsia  enough  fibrin  to  render  it  spontaneously 
co^ilablc.^ — The  locally -developed  material  which  is  most  characteristic 
of  Inflammation,  is  that  which  is  kno^vn  as  coatptlable  hfmph ;  it  is  much 
to  be  desired,  however,  that  some  other  designation  should  be  applied  to 
it,  since  the  term  *  lymph'  can  only  be  appropriately  employed  for  the 
fluid  contents  of  the  lymphatic  veanels.  The  peculiar  cliaracterlatic  of 
this  inflammatory  product,  is  its  capability  of  spontaneously  passing  into 
the  condition  of  an  organized  tissue,  either  fibrous  or  cellular,  or  a  mixture 
of  both ;  and  of  thus  forming  *  false  membranes'  on  inflamed  surfaces,  or 
solidifying  the  inflamed  part  by  the  interstitial  production  of  simihir 
lowly -organ  i5:ed  textures.  Although  it  has  been  too  much  the  habit  of 
Pathologists,  to  speak  of  *coagulahle' or  '  plivstic  lymph' as  if  it  w^ere 
always  one  and  the  same  thing,  yet  it  really  prosentft  various  gradations 
of  character,  which  are  manifested  in  its  difterent  degrees  of  organiKability^ 
and  in  the  diverse  nature  of  the  tissues  developed  from  it ;  and,  as  Mr, 
Paget  has  pointed  out,  J  there  are  two  typii^tl  forms,  the  Jthnnoitu^  and  the 
corpuscular^  between  which  the  otJiers  are  intermediate*  The  former 
coiigrdatea  into  a  fibrous  clot,  resembling  tliat  of  healthy  bloody  but 
usually  showing  a  more  distinct  fibrillation.     The  latter  (the  '  croupous* 

•  Thii  ia  denied  hy  Virdhow  (''  Cellulnr  Patbolojry,'*  p.  302). 
t  *'M«dioo-01iinirgieal  TraiiMCtiona,"  tuL  xxvi.  p,  51. 
t  "  ]ie«imr«s  on  Surgical  Pathology/'  toL  i,  p*  332. 
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exudation  of  Rokitansky)  is  characterized  by  the  want  of  any  proper 
coagulation,  the  fibrous  clot  being  replaced  by  an  aggregation  of  cells, 
which  in  their  first  appearance  resemble  very  nearly  the  primordial  con- 
dition of  the  corpuscles  of  the  fluids  of  the  absorbent  vessels,  and  the 
colourless  corpuscles  of  the  blood.  It  is  seldom,  however,  that  either  of 
these  typical  forms  of  lymph  presents  itself  in  a  state  of  complete  isolation 
from  the  other ;  they  are  much  more  commonly  blended  in  various  pro- 
portions, so  that  one  or  the  other  predominates ;  and  it  is  mainly  upon 
the  preponderance  of  fibrin,  that  the  'plasticity'  of  the  fluid  (or  its 
capacity  for  organization)  depends ;  whilst  according  to  the  preponderance 
of  corpuscles,  will  be  its  tendency  to  degeneration.  Thus  the  exudation 
of  fibrinous  lymph  is  the  symbol  of  the  *  adhesive'  inflammation ;  whilst 
that  of  the  *  corpuscular'  is  similarly  characteristic  of  the  *  suppurative' 
inflammation. 

358.  It  is  obviously  of  great  consequence  to  ascertain  the  conditions 
which  determine  the  production  of  one  or  other  of  these  states;  and 
these,  as  Mr.  Paget  has  remarked  (loc.  cit.),  may  be  considered  under 
three  heads, — (1)  the  previous  state  of  the  blood,  (2)  the  seat  of  the 
inflammation,  and  (3)  the  degree  and  character  of  the  inflammation. 
The  condition  of  the  blood,  as  determining  that  of  the  lymph,  has  been 
carefully  studied  by  Rokitansky,  who  has  shown  that  the  characters  of 
inflamm«itory  deposits  in  diflerent  diatheses,  correspond  very  generally 
and  closely  with  those  of  the  coagula  found  in  the  heart  and  pulmonary 
vessels  after  death.  The  results  of  Mr.  Paget's  experiments  on  the  same 
subject  have  been  already  cited  (§  198).  And  clinical  observation  fully 
confirms  this  doctrine  by  evidence  of  another  kind ;  that,  namely,  which 
is  afforded  by  the  different  course  of  the  same  specific  diseases,  in  diflerent 
individuals,  according  to  the  previously  healthy  or  abnormal  condition  of 
their  blood.  There  can  be  no  doubt  that  a  very  large  proportion  of  what 
are  called  *  unhealthy  inflammations,'  especially  those  of  the  erysipelatous 
type,  are  to  be  r^arded  as  owing  their  peculiarity  to  a  deficiency  in  the 
due  elaboration  of  the  fibrin,  and  to  the  low  vitality  of  the  cellular  com- 
ponents of  the  blood ;  both  of  which  conditions  seem  to  be  favoured  by 
the  presence  of  those  decomposing  matters,. whose  accumulation  in  the 
blood  acts  in  many  ways  so  prejudicially  on  the  system  at  large.* — 
That  the  quality  of  the  local  product  is  in  some  degree  determined  by 
the  seat  or  tissue  in  which  the  Inflammation  occurs,  appears  from  the 
different  character  of  the  products  of  the  disordered  actions  that  occur 
simultaneously  in  different  organs  of  the  same  individual,  and  apparently 
under  the  operation  of  the  same  cause;  thus  it  may  happen  that  in 
pleuro-pneumonia,  the  two  surfaces  of  the  pleura  become  connected  by 
an  organized  material  of  a  fibrous  character ;  whilst  the  effusion  in  the 
substance  of  the  lung  is  rather  of  the  corpuscular  nature,  and  speedily 
passes  into  suppurative  degeneration.  Mr.  Paget  ingeniously  proposes 
to  account  for  the  determining  influence  in  question,  on  the  idea  that  the 
inflammatory  product  is  influenced  at  the  time  of  its  formation  by  the 
assimilative  force  of  each  part,  so  that  it  is  to  be  regarded  as  a  mixture 
of  true  lymph  with  its  special  product  of  assimilation  ;  thus  we  observe 
tliat  in  inflammations  of  bone  the  lymph  usually  ossifies,  in  those  of  liga- 

*  See  Mr.  Brooke  Gnllwey's  papers  on  '  Unbealthy  Inflammation,'  in  the  *'  Lancet*' for 
1849-60,  and  the  "  Medical  Gazette"  for  1860-61. 
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menta  it  ifi  converted  into  a  txmgh  ligamentoTis  tismie^  and  m  those  of 
secreting  organs  it  contfiins  a  mixture  of  the  ordiiiaTy  secreted  prodiitt, — 
The  mode  in  which  the  tntemitt/  of  the  InHainmation  affects  the  chitracter 
of  the  effiised  lymph,  is  twolold.  For,  in  tlie  first  place,  tlie  nature  of 
the  original  eifusion  is  likely  to  vary  according  to  the  degree  in  whidi 
the  ordinaij  nutritive  procei?3  ii  interrupted  j  since,  the  more  intenae  the 
inflammatioDf  the  less  will  be  the  assiiiuiating  force  of  the  part^  and  the 
more  will  the  mattera  efHised  from  the  veBseb  deviate  from  the  natural 
plasma  which  would  be  drawn  from  them  in  healthy  nutrition ;  whilst  on 
the  other  hand,  when  the  inHammadon  is  less  severe,  its  product  will  not 
differ  ao  widely  from  the  natural  one,  and  will  from  the  first  tend  to 
manifest  in  its  development  some  characters  correaponding  to  those  of  the 
natural  formations  of  the  piu't.  But,  secondly,  the  influence  of  the  in* 
flammation,  or  rather  of  the  depressed  vitality  of  the  inilanied  tissues,  ia 
shown  in  the  tendency  to  degeneration  which  it  impresses  on  the  locally- 
developed  product ;  so  that^  even  though  this  may  be  disposed  to  pass-on 
under  favourable  circumstances  to  the  complete  formation  of  an  oi^niaed 
tissue^  its  development  is  early  cheeked,  and  it  undergoes  retrogmde 
metamorphosis ;  or  aJse,  from  the  very  commencement,  its  development 
takes  ]:ilace  according  to  a  lower  or  degraded  tj^pe.  The  normal  product  of 
the  organization  of  either  fibrinous  or  corpusculEr  lymph,  is  undouhtedlj 
a  tissue  closely  allied  to  the  ordinaTy  areolar  or  connective ;  it  is  of  this 
that  Mm  membranes  and  adhesions  are  formed,  and  that  Uie  material  of 
most  thickenings  and  indurations  of  parts  is  composed  ;*  and  it  is  by  the 
production  of  this  tissue  alio,  that  losses  of  substance  are  in  the  first  in^ 
stance  repaired,  and  that  divided  surliices  are  made  to  adhere.  Various 
kinds  of  degeneration  may  subsequently  tsdte  place  in  any  of  these  pro- 
ducts, according  to  the  stage  at  which  tlie  developmental  process  is  checked^ 
and  among  these,  in  tissues  which  have  once  attained  an  advanced  stage 
of  development,  the  most  common  is  the  fatty, 

559.  But  one  of  the  most  frequent  results  of  the  inflammatory  procesa 
is  the  formation  of  Pus ;  and  the  researches  of  Virchow  and  his  school 
appear  to  have  established  that  tlie  cells  which  constitute  ao  large  a  pro- 
portion of  that  fluid  are  not  developed  tie  novo^  as  was  formerly  supposed, 
in  the  fluids  exuded  in  inflammation,  but  are  the  products  of  the  multi- 
plication of  epithehal  cells,  or  of  the  peculiar  connective-tissue  corpuscles, 
to  which  so  much  attention  has  recently  been  devoted.  In  the  former 
case  the  purif^mi  fluid  appe^irs  as  a  discharge  on  the  surface  of  the 
membrane,  as  of  tlie  Urethra  in  Gonorrhoea,  or  of  the  Conjunctiva  in 
Purulent  Ophthalmia;  in  the  hitter  it  appears  in  the  substance  and 
between  the  ultimate  textural  components  of  tlie  tissues  themselves,  and 
then  constitutes  an  ahcess.  Wlien  the  discharge  from  the  surface  is 
accom|Jiinied  by  soflening  and  breaking^own  of  the  subjacent  tis^^ues, 
an  ulcer  is  produced ;  but  whether  the  disintegrating  tissues  are  entirely 
removed  by  absorption  (having  previously  undergone  that  degenerative 
aoflening  which  is  requisite  for  the  occurrence   of   this   proceas),^  or 

*  Thi  Anllior  is  mucvh  dieposcd,  hov-ever»  to  Bgr^  with  Dr.  Hiindfield  Joaes,  in  belie riag 
thsia  cbroni^  *  fibroid  dcigeneniition,*  r&salting  from  tlie  fiuh^tttuiioi]  gf  &1owlj'or^iiDized 
fibrous  tlRjiae  for  the  proper  teityre  of  tbe  piirt,  raay  take  plnce*  like  *  tobercDLar  Jegcue* 
ration'  (§  3rt0),  witbotit  lbs  f>cctirrenc«  of  Inflfuuniation,  proi^ej  Ij  so  called.  See  **  Brit* 
&tid  For.  Med.-Chir,  Ear.i"*  rol.  xiiL  pp.  343-349* 
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whether  they  are  broken-up  and  dissolved  in  the  purulent  fluid,  is  a  point 
not  yet  determined.  The  conservative  nature  of  the  fibrinous  exudation, 
and  the  consequent  importance  of  fibrin  as  an  element  of  it,  are  well 
shown  by  the  results  of  its  deficiency.  Thus  if  there  be  no  '  sac'  formed 
around  a  collection  of  pus,  this  fiuid  infiltrates  through  the  tissues,  and 
by  its  mere  presence  so  impairs  their  nutrition,  that  a  corresponding 
degradation  takes  place  in  the  characters  of  the  plastic  material  fiimished 
for  their  assimilation ;  and  hence  the  purulent  efi^ion  spreads  without 
limit,  and  the  tissues  through  which  it  percolates  imdergo  rapid  degene- 
ration. So,  again,  when  gangrene  is  spreading  by  contiguity  (the 
proximity  of  the  dead  tissue  tending  to  lower  the  vitality,  and  even  to 
occasion  the  death,  of  that  with  which  it  is  continuous),  it  is  only 
when  an  inflammatory  *  reaction '  occurs,  or,  in  other  words,  when  a 
development  of  fibrinous  lymph  takes  place  in  the  substance  of  the 
tissues  bordering  on  those  which  have  lost  their  vitality,  that  a  line  of 
demarcation  between  the  dead  and  the  living  parts  is  formed.  And 
generally  it  may  be  said,  that,  as  the  ultimate  tendency  of  Inflammation 
is  to  produce  the  disintegration  of  the  part,  the  ultimate  tendency  of  the 
fibrinous  material  developed  is  to  keep  its  elements  together,  and  to 
repair  the  losses  which  have  taken  place,  although  with  a  very  inferior 
material. — It  is  only,  however,  with  the  subsidence  of  the  inflammation, 
and  the  return  to  the  ordinary  type  of  nutrition,  that  the  highest  deve- 
lopment of  the  lymph  can  take  place ;  and  it  is  in  proportion  as  this 
occurs  more  speedily,  that  the  recovery  of  the  organization  proper  to  the 
part  is  more  completely  effected.* 

360.  In  persons  of  that  peculiar  constitution,  which  is  termed  Scro- 
fulous or  Strumous,  we  find  an  imperfoctly-organizable  or  cacoplastic 
deposit,  or  even  an  altogether  aplastic  product,  known  by  the  designation 
of  Tubercular  matter,  frequently  taking  the  pLice  of  the  normal  elements 
of  tissue ;  both  in  the  ordinary  process  of  Nutrition,  and  still  more  when 
Inflammation  is  set-up.  From  an  examination  of  the  Blood  of  tuber- 
ctdous  subjects,  it  appears  that  although  the  bulk  of  the  coagulum  ob- 
tained by  stirring  or  beating  it  is  usually  greater  than  that  of  healthy 
blood,  yet  this  coagulum  is  not  composed  of  well-elaborated  Fibrin ;  for 
it  is  sofl;  and  loose,  and  contains  an  imusuaUy-large  number  of  Colourless 
corpuscles,  whilst  the  Eed  corpuscles  form  an  abnormally-small  propor- 
tion of  it.  We  can  understand,  therefore,  that  such  a  constant  deficiency 
in  plasticity  must  affect  the  ordinary  nutritive  process ;  and  that  there 
will  be  a  liability  to  the  deposit  of  cacoplastic  products,  instead  of  the 
normal  elements  of  tissue,  even  without  inflammation.     Such  appears  to 

*  The  Author  has  pleasure  in  referring  to  Mr.  Faget's  "Lectures  on  SuTgical  Pathology" 
(toI.  L),  as  containing,  in  his  opinion,  the  best  exposition  of  the  subject  of  Inflammation 
jet  made  public ;  and  in  acknowledging  his  obligations  to  them  for  much  assistance  in  the 
short  Tiew  of  it  given  above. — The  fundamental  doctrines  on  which  the  Author  would 
lay  the  greatest  stress,  however,  are  the  same  in  all  essential  particulars  with  those  which 
he  taught  in  the  earlier  editions  of  this  Treatise.  An  excellent  account  of  the  general 
phenomena  and  pathology  of  Inflammation  has  been  written  by  Mr.  Simon  in  "  Holmes's 
System  of  Surgery,**  vol.  i.  p.  i.  The  interesting  paper  of  Mr.  Lister  *  On  the  Barly 
Stages  of  Inflammation,*  in  the  "Philosophical  Transactions  for  1858,**  will  also  weU 
repay  perusal.  The  work  of  Yirchow,  **  Cellular  Pathology,'*  translated  by  Dr.  Chance, 
contains  a  full  account  of  the  peculiar  and  now  very  generally-received  views  of  this 
author  on  the  pathology  of  Inflammation.    (See  chap.  viiL  and  xviL) 
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be  the  history  of  the  formation  of  Tubercles  in  the  lunp  and  other  OTgan% 
when  it  occurs  as  a  kind  of  metamorphosis  of  tjio  ordinary  Nntritiv© 
process ;  and  iu  this  manner  it  may  proceed  insidiously  for  a  long  period^ 
so  that  a  large  j>art  of  t!ie  tieaue  of  the  lungs  shixll  be  replaced  by  tuber- 
cular deposit^  Withotit  any  other  ostenaible  sign  than  an  increiiaing  dilii- 
culty  oi'  respiration.  In  the  differ  en  t  fomis  of  tuberculai'  deposit,  we  see 
the  gradation  most  strikingly  displayed  between  the  plastic  and  lIjc 
aplastic  formatiooi*  In  the  semi-transjjarent,  miliary,  grey,  and  tough 
jellow  forms  of  Tubercle,  we  find  traces  of  organization  in  the  form  of 
cells  and  fibres,  more  or  less  obvious ;  these  being  sometimes  almost  aa 
perfectly  formed,  as  those  of  plastic  lymph»  at  least  on  the  superficial  part 
of  the  deposit,  which  is  in  immediate  relation  with  the  living  structures 
around ;  whilst  they  may  be  so  degenerated,  as  ecarcely  to  be  distln- 
g:uiahable.  In  no  inBtaaces  do  such  deposits  ever  undergo  further 
organization ;  and  therefore  they  must  be  regarded  as  cacaplastic.  But 
in  tihe  opaque,  crude,  or  yellow  Tubercle,  we  do  not  find  even  the^se 
traces  of  definite  structure;  for  the  matter  of  which  it  consists  is  alto- 
gether granuIiiT,  more  resembling  that  %vhicb  we  find  in  an  albuminous 
coagulum*  This  is  entirely  aplastic.  Yet  tliere  is  every  probability,  as 
Virchow  has  shown,*  that  at  an  early  period  this  also  consisted  of,  or 
contained,  numerous  nuclei  and  small  uni*  or  multi -nucleated  celk, 
developed  as  the  residt  of  an  inflammatory  process  fi^om  the  proliferation 
of  connective- tissue  corpuscles^  and  undergoing  latty  degeneration  and 
subsequent  sliri veiling  at  a  very  early  period.  The  Lirger  the  {iropor- 
tion  of  tliis  kind  of  matter  in  a  tubercuhir  deposit,  tlie  more  is  it  prone 
to  soften;  whilst  tlie  semi-organized  tubercle  has  more  tendency  to  eou^ 
traction. — Thus  it  may  now  be  held  as  establisliefl  with  certainty  thal^^| 
Tubercular  matter  is  always,  even  in  its  most  amorphous  state,  a  pro-^^B 
duct  of  cell-formation  ;  and  that  the  tlifference  between  the  amount  of 
organization  which  its  several  forms  present,  is  due  rather  to  a  variation 
in  the  degree  of  its  subsequent  degeneration,  than  to  an  original  diTeretj'^ 
in  histological  condition. f 

36  L  But  although  Tubercular  matter  may  be  slowly  and  insidioualj 
deposited,  by  a  kind  of  degradation  of  the  ordinary  Nutritive  process,  yet 
it  cannot  be  doubted  that  Inflammation  has  a  great  tendency  to  favour 
it ;  so  that  a  Jaarger  quantity  may  be  produced  in  the  lungs,  after  a  Pneu- 
monia has  exislied  for  a  day  or  two,  than  it  would  have  required  years  to 
generate  in  the  previous  mode.  But  the  character  of  the  deposit  still 
remains  the  sanie ;  and  its  relation  to  the  plastic  element  of  the  blood  is 
shown  by  the  interesting  ilict,  of  no  unfrequent  occurrence, — tJmt,  in  a 
Pneumonia  affecting  a  tubercnlous  subject,  plastic  lymph  is  often  thrown 
out  in  one  part,  wliilst  tubercular  matter  is  deposited  in  another.  No' 
Infiammntion,  producing  a  rapid  dejiosition  of  tubercular  matter,  is  pecu* 
liarly  Hsble  bo  arise  in  organs  which  have  been  previously  affected  with 
chronic  tubercular  deposits  by  an  impairment  of  the  process  of  textural 
Nutrition  ;  for  these  deposits,  acting  like  foreign  bodies,  may  of  them- 
selves become  sources  of  irritation ;  and  the  perversion  of  the  itructure 


'  1*0.  dt.,  p.  47fi. 

+  See  Mr,  Paget  in  the  **Fathol<.»giciU  Cfttjvlijgiio  of  the  Hudterian  MusQum/'  voL 
P*  184  J  ftlao  Dr.  MadJea'n  *^  Thought  qu  FmUaDAKcy  GoDsniDptioa."* 
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and  functions  of  the  part  renders  it  peculiarly  susceptible  of  the  influence 
of  external  morbific  causes. 

362.  We  frequently  meet  with  abnormal  growths  of  a  Fatty,  Cartila- 
ginous, Fibrous,  or  even  Bony  structure ;  which  result  from  tiie  deve- 
lopment of  these  tissues  in  unusual  situations,  and  appear  to  originate  in 
some  perverted  action  of  the  parts  themselves  (§§  337,  358  note). — ^But 
there  is  another  remarkable  form  of  disordered  Nutrition,  which  is  con- 
cerned in  producing  what  have  been  termed  heterologous  growths ;  that 
is,  masses  of  tissue  that  differ  in  character  from  any  which  is  normally 
present  in  the  body.  Most  of  these  are  included  under  the  general 
designation  of  Cancerous  or  Fungous  structures ;  and  it  has  been  shown 
by  Miiller  and  succeeding  inquirers,  that  the  new  growth  consLsts  of  a 
mass  of  cells ;  which,  like  the  V^etable  Fungi,  develope  themselves  with 
great  rapidity;  and  which  destroy  the  surroimding  tissues  by  their 
pressure,  as  well  as  by  abstracting  from  the  Blood  the  nourishment  which 
was  destined  for  them.  These  parasitic  masses  have  a  completely  inde- 
pendent power  of  growth  and  reproduction ;  and  some  kinds  of  them  can 
be  propagated  by  inoculation,  which  conveys  into  the  tissues  of  the 
animal  operated-on,  the  germs  of  the  peculiar  cells  that  constitute  the 
morbid  growth,  these  soon  developing  themselves  into  a  new  mass.  So 
it  may  be  by  the  diffusion  of  the  germs  produced  in  one  part,  through 
the  whole  fabric,  by  means  of  the  circulating  current,  that  the  tendency 
to  re-appearance  (which  is  one  great  feature  in  the  malignant  character 
of  these  diseases)  is  occasioned.  But  it  would  seem  more  probable,  that 
this  character  rather  depends  upon  the  presence  of  a  morbid  matter  in 
the  blood,  of  which  the  formation  of  the  Cancerous  tissue  is  only  the 
manifestation  (§312  note)  ;  the  local  disease  thus  being  the  consequence 
of  a  constitutional  cachexia,  rather  than  the  constitutional  affection  the 
result  of  the  local  disease.* 


CHAPTER  IX. 

OF  SECRETION  AND  EXCRETION. 

« 
1.  Of  Secretion  in  General. 

363.  The  literal  meaning  of  the  term  Secretion  is  separation;  and  this 
is  nearly  its  true  acceptation  in  Physiology.  But  the  ordinary  processes 
of  Nutrition  involve  a  separation  of  certain  of  the  components  of  the 
Blood,  which  are  withdrawn  from  it  by  the  appropriating  power  of  the 
solid  textures ;  and  every  such  removal  may  be  considered  in  the  light  of 
an  act  of  excretion^  so  far  as  the  blood  and  the  rest  of  the  organism  are 
concerned  (§  199).  Moreover,  the  separation  of  certain  matters  from  the 
blood  in  a  fluid  state,  either  for  the  purpose  of  being  cast-forth  from  the 

*  See  Dr.  Walshe  on  "The  Nature  and  Treatment  of  Cancer;**  Mr.  Simon's  "General 
Pathology/*  Lect.  viii. ;  and  Mr.  Faget*B  *' Lectures  on  Sorgical  Pathology,**  vol.  iL 
Leet.  xiT. 
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body  I  or  of  beiBg  employed  for  soma  special  purpose  within  it^  wbkh 
CODstitHties  Vfh^t  ia  ordinarily  known  aa  Socretion,  is  effected  by  an 
mstnimentality  of  the  same  nature  with  that  whose  operation  constinitea 
an  enaeotial  part  of  the  nutritiyo  process ;  namely,  the  production  and 
iubaequent  agency  of  cells.  Hence  there  ib  no  other  fimdMnenta!  dif- 
ference between  the  two  processes,  than  such  as  arises  out  of  the  diT< 
destinations  of  the  separated  matters,  and  &om  the  anatomical  ammge-^' 
menta  which  respectively  minister  to  theae.  For  the  products  of  the 
Secreting  action  are  all  poured-fDrth,  either  upon  the  external  surface  of 
the  body  J  or  upon  tJie  lining  of  some  of  the  cavities  which  communicate 
with  it;  a)id  tlie  cells  hy  which  they  are  separated  from  the  blood,  usually 
stand  in  the  relation  of  epithelium ^cella  to  thoae  prolongations  of  tbe 
skin  or  of  mucou?i  membranes.,  that  ib rm  the  ibllicles  or  extended  tnbuli 
of  which  the  Glandular  oi*gans  are  for  the  most  part  composed  (Figs.  74^ 
81).  The  act  of  Secretion  appears  to  consist,  in  some  cases,  iu  tiie  suo- 
cesflive  production  and  eKiivintion  oi'  the  cells  wliich  minister  to  it,  these 
cells  giving-up,  by  rupture  or  deliquescence ^  the  subataiicea  which  thej 
have  eliminated  from  the  blood ;  such,  for  example,  appears  to  be  ih< 
mode  of  sepanition  of  the  Sebaceous  secretion  of  the  skin,  of  the  Mucoua' 
secretion  of  miicoiw  membranes,  of  the  secretion  of  Milkj  and  pcrhapa; 
also  of  the  Bilimry  secretion.  On  the  other  hand,  there  can  be  litt] 
question  tJiat  those  more  liquid  iecretions,  in  which  there  is  either  vei 
little  solid  matter  (as  ia  tlie  ca*!e  with  the  Cutaneous  transpiration  and 
the  Lacliryniiil  Jluid),  or  in  which  the  iolids,  though  in  larger  amount^ 
are  in  a  state  of  sucli  perfect  solution  as  to  be  capable  of  easy  transuda- 
tion (as  11  the  case  with  tlie  Urine),  are  not  formed  in  this  mode ;  sinco 
neither  are  ejcuviated  cells  normally  found  in  the  secreted  fluids,  nor  do 
the  epithelial  cells  lining  the  glandular  tubes  or  follicles  present  indica^ 
tions  of  being  in  a  etjito  of  continual  change-  Still,  even  in  these 
it  seems  fiiir  to  conclude  that  the  selective  jx>wer»  of  the  gland-cella  are 
employed  in  drawing  Irom  the  bleodj  on  one  side,  tlie  special  products 
which  are  to  be  &et-irce  by  transudation  on  the  other.  Each  group  of 
cells  is  thus  adapted  to  separate  a  product  of  some  particular  kind,  which 
const! tutea  its  special  pabulum ;  and  the  rate  of  its  production  seems  io 
depend,  vrnttHs  paribus^  upon  the  amount  of  that  pabulum  supplied  by 
the  circulating  fluid.  The  subi^tances  at  the  expense  of  which  tJie  secret- 
ing ^Ih  grow,  however,  may  not  be  precisely  those  which  are  subse- 
quently east- forth ;  for  it  is  very  probable  tlmt  some  of  them,  at  least, 
undergo  a  certain  df?grco  of  chemical  transformation  by  the  agency  of 
tliese  cells;  the  characteristic  materials  of  the  several  secre tions  not  being 
always  found  to  pre-exist  as  such  in  the  blood. 

304,  A  distinction  may  be  drawn  as  regards  this  point,  between  those 
Excretions^  the  retention  of  whose  materials  in  the  Blood  would  be 
positively  injurious,  and  those  Secretions ,  which  are  destined  for  particuiar 
purposea  within  the  system,  and  the  suspension  of  which  has  no  immediate 
inlluence  on  any  other  iunctions  than  those  for  which  they  are  respectively 
destined.  The  solid  matter  dissolved  in  the  fluids  of  the  latter  class,  la 
little  else  than  a  portion  of  the  nii/nifiw  conatituenta  of  the  Blood;  either 
so  little  altered  as  atilJ  to  retain  its  nutritive  character,  as  is  tlie  ciise 
with  the  casein  of  Jlillc,  and  with  tlie  albuminous  constituent  of  the 
Serous  jluid  of  areolar  tissue  and  of  aerous  and  synovial  membranes ;  or 
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in  a  state  of  incipient  retrograde  metamorphosis,  as  seems  to  be  tihe  case 
with  the  peculiar  'ferments*  of  the  salivary,  gastric,  pancreatic,  and 
intestinal  secretions.  On  the  other  hand,  the  characteristic  ingredients 
of  the  Excretions  are  very  different  in  character  from  the  normal  elements 
of  the  blood.  They  are  all  of  them  completely  unorganizable ;  and  they 
possess,  for  the  most  part,  a  simple  atomic  constitution.  Some  of  them 
also,  have  a  tendency  to  assimie  a  crystalline  form;  which,  as  Dr.  Prout 
jusdy  remarked,  indicates  their  imfitness  to  enter  into  the  composition  of 
organized  tissues.  With  regard  to  some  of  the  chief  of  these,  there  is 
sufficient  evidence  of  their  existence,  in  small  quantity,  in  the  circulating 
Blood ;  but  it  is  also  clear  that  they  exist  there  as  products  of  decom- 
position, and  that  they  are  destined  to  be  separated  from  it  Aa  speedily  as 
possible.  If  their  separation  be  prevented,  they  accimiulate,  and  commu- 
nicate to  the  circulating  fluid  a  positively  deleterious  character.  Of  this, 
we  have  abready  seen  a  striking  example  in  the  case  of  Asphyxia  (§  299); 
and  the  history  of  the  other  two  principal  excretions,  the  Bile  and  Urine, 
will  fhmish  evidence  to  the  same  effect. — ^As  a  general  fact,  then,  it  may 
be  affirmed,  that  the  materials  of  the  proper  Excretions  pre-exist  in  the 
Blood,  in  a  state  nearly  resembling  that  in  which  they  are  thrown-off  by 
the  secreting  organs;  and  that,  as  their  presence  there  is  the  result  of  the 
destructive  changes  that  have  taken  place  in  the  system,  they  cannot  be 
retained  in  it  wiSiout  injury :  but  that  the  materials  of  those  Secretions 
which  are  destined  to  p^orm  some  particular  function  within  the 
economy,  are  derived  from  the  nutritive  substances  which  are  appro- 
priated to  its  general  purposes. 

365.  Notwithstanding  that,  under  ordinary  circumstances,  the  several 
parts  of  the  Excretory  apparatus  are  limited,  each  to  its  own  special 
function,  we  find  that  there  are  certain  complementary  relations  between 
them,  which  make  the  action  of  one  vicarious  to  a  certain  extent  with 
that  of  another.  Such  a  relation  seems  to  exist,  for  instance,  between 
the  Lungs  on  one  side,  and  the  Liver  and  Intestinal  glandul®  on  the 
other;  ^r,  the  more  active  the  respiration,  the  less  bile  is  secreted; 
whilst,  if  the  respiration  be  lowered  in  amount  by  inactivity  of  body 
and  a  high  external  temperature,  a  larger  proportion  of  imoxidized  or 
imperfectly-oxidized  excrementitious  matters  accumulates  in  the  blood, 
giving  rise  to  that  augmented  production  both  of  the  biliary  and  of  the 
faecal  excretions,  which  constitutes  diarrhoea.*  And  thus,  on  the  other 
hand,  when  the  liver  is  not  adequately  effecting  the  depuration  of  the 
blood  from  the  constituents  of  bile,  an  augmentation  of  the  respiration 
by  active  exercise  in  a  low  temperature  gives  most  effectual  relief. — Still 
more  obviously  vicarious,  however,  are  5ie  Kidneys  and  the  Skin ;  for 
here  we  find  that  not  only  do  the  kidneys  allow  the  transudation  of  what- 
ever superfluous  water  may  remain  in  the  circtdating  current,  afl^r  a 
sufficient  amount  has  been  exhaled  from  the  skin  to  keep-down  the 
temperature  of  the  body  to  its  normal  standard,  but  the  ^in  actually 
assists  in  the  elimination  of  one  of  those  products  of  the  metamorphosis 
of  the  azotized  tissues,  the  removal  of  which  has  been  until  recently  consi- 

*  Such  b  probably  the  occasion  of  the  '  billons  attacks*  and  *  antumnal  cholera*  so 
prevalent  at  the  close  of  the  summer ;  the  subjects  of  these  being  most  commonly  persons 
who  have  not  reduced  their  consumption  of  food  during  the  warm  season,  in  aooordanoe 
with  the  diminished  demand  for  the  production  of  heat  within  the  body. 
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dered  as  tlie  special  ftinctioti  of  the  kidney.  Consequentl/j  whenevo' 
the  due  action  of  tlie  skin  aa  an  excretmg-  orgim  is  int^fered-with, 
it  is  the  kidney  especially  tliat  will  be  called-on  to  take  its  place ;  whilst^^ 
on  the  other  hand,  if  it  be  tla  ought  desirable  to  reheve  the  kidiiey,  this 
may  be  laofit  effectually  done  by  stimidating  the  skin  to  increased  excretory 
activity,' — ^This  vicarioiisness  of  function  among  the  Excretory  organs 
presents  itself  far  more  remarkably,  however^  in  certain  states  of  disease  ;i 
in  wliicli  a  conipJete  *  nietastasis  oi'  secretion '  may  exhibit  itself.  The  c^apa- 
bility  of  one  organ  thus  to  take  upon  itseli'  the  special  action  of  another^ 
appears  to  be  related  to  the  'community  of  iiinction'  e^dsting  in  the 
secretory  surface  among  those  lower  animals,  which  maniiest  none  of  tlie 
'  specializfttion  *  or  setting-apart  ibr  particular  offices,  that  we  see  in  the 
higher ;  for  it  seems  to  be  a  general  law  in  Physiology,  tbat,  even  wbere 
the  different  ftinctions  are  most  highly  specialized,  the  general  structure 
retains,  more  or  less,  that  primitive  community  of  action  which  dmrac- 
terized  it  in  the  lowest  grade  of  development,*  \ 

366.  It  is  in  regard  to  the  Ifrinarif  excretion,  that  the  evidence  on 
this  point  is  most  complete ;  for  it  seems  to  be  established  by  a  great 
mass  of  observations^  that  urine,  or  a  fluid  presenting  its  essential  cha- 
racteirs,  may  pass-off  by  tlie  mucous  membrane  of  tiie  intestinal  canal,  by 
the  salivary,  lachrymal,  and  mammary  glands,  by  the  test^^  by  the  ears, 
nose,  and  navel,  by  parts  of  the  ordinary  cutaneous  surface^  and  even  by 
serous 'membranes,  such  as  the  arachnoid  tunic  Jining  the  ventricles  of  tiie 
brain,  the  pleura,  Emd  the  peritoneum.  A  considerable  number  of  such 
cases  was  collectetl  by  Haller  :|  many  more  were  brought-togetlier  by 
Nysten  ;i  more  recently  Burdach  has  furnished  a  fuO  suimnary  of  the 
most  important  phenomena  of  tlie  kind;§  and  Dr.  Laycock  has  compiled 
a  valuable  collection  of  cases  of  urinary  metastasis  occurring  as  compli- 
cations of  Lysteria.||  The  following  table  of  ouies  referred-to  by  tlie 
last  of  these  author^  will  give  some  idea  of  the  relative  frequency  of  the 
different  forms  of  this  curious  affection : — 


Vomit 

BU^\. 

Ban. 

e;j«. 

eaILm 

N0«4S. 

M&uitiuir, 

Uaf  eL 

Skin. 

ToUl, 

u 

20 

4 

4 

5 

3 

# 

U 

17 

125 

It  is  to  be  borne  in  mind,  however,  that  cases  of  hysterical  ischuria  are 
frequently  complicated  with  that  strange  moral  perversion,  wbicb  leads 
to  ^e  moat  persevering  and  ingeiiions  attempts  at  deceit ;  and  there  can 
be  little  doubt  that  a  good  many  of  the  instances  on  record,  especially  of 
urinous  vomiting,  are  by  no  means  veritable  examples  of  metastasis.^ — The 
proofs  of  the  fact  wo  are  seeking  to  establish  are,  therefore^  unich  more 
satisfactory  when  drawn  from  experiments  upon  animals,  or  from  fjatho- 
logical  observations,  about  which,  from  tlieir  very  nature,  there  can  be  no 
mistake.    Thus  Mayerf  found  that  when  the  two  kidneys  were  extirpated 

•  See  "Princ.  of  Comp.  Phytt./*  §§  110,  428, 
+  "  Ktementa  PkjHAjlogi^E,"  torn.  u.  p.  370. 

^  **  Eecberehes  ile  Fhjaiotogie  et  de  Chimic  pathologiqueB,'*  p.  265. 
§  *'  Troite  de  I'b jslolog]«  ^*  (JourIiid's  TruiALdtioD),  vqL  TiLi.  p.  24S  et  uq. 
]|  "£dinb.  Med.  and  durg,  Joom.,"  1S3S ;  and  ■*  Kcttqub  Diseases  of  Women^'^ 
p.  2S3. 
U  ''ZeitaeLria  fUr  Fbjiiolfigii,''  torn.  Li,  p.  270. 


OF  SECRETION   IN  GENERAL.  875 

in  the  guinea-pig,  the  cavities  of  the  peritoneum  and  the  pleura,  the 
ventricles  of  the  brain,  the  stomach,  and  the  intestinal  canal,  contained  a 
brownish  liquid  having  the  odour  of  lu-ine ;  that  the  tears  exhaled  the 
same  odour ;  that  the  gall-bladder  contained  a  brownish  liquid  not  re- 
sembling bile ;  and  that  the  testes,  the  epididymis,  the  vasa  deferentia, 
and  the  vesiculae  seminales,  were  gorged  with  a  liquid  perfectly  similar  to 
urine.  Chirac  and  Ilelvetius  are  quoted  by  Haller  as  having  tied  the 
renal  arteries  in  dogs,  and  having  then  remarked  that  a  urinous  fluid  was 
passed-off  from  the  stomach  by  vomiting.  A  remarkable  case  is  quoted 
by  Nysten  from  Zeviani,  in  which  a  young  woman  having  received  an 
incised  wound  on  the  external  genitals,  which  would  not  heal,  the  lu-ine 
gradually  became  more  scanty,  until  none  could  be  passed  even  with  the 
assistance  of  the  catheter ;  at  last  dropsy  supervened,  with  sweats  of  a 
urinous  odour,  and  vomiting  of  a  luminous  fluid,  which  continued  daily  for 
thirty-three  years :  on  post-mortem  examination,  the  kidneys  were  found 
disorganized,  the  right  ureter  entirely  obliterated  and  the  left  nearly  so, 
and  ^e  bladder  contracted  to  the  size  of  a  pigeon's  egg. — In  some  other 
instances,  the  urine  appears  to  have  been  secreted,  and  then  re-absorbed 
in  consequence  of  some  obstruction  to  its  exit  through  the  urinary  pas- 
sages. Thus  Nysten  quotes  a  case  from  Wrisberg,  in  which,  the  urethra 
having  been  partially  obstructed  for  ten  years  by  an  enlarged  prostate, 
the  bladder  was  so  distended  as  to  contain  ten  pounds  of  urine  ;  and  the 
serosity  of  the  pericardiiun  and  of  the  ventricles  of  the  brain  exhaled  a 
urinous  odour.  He  cites  other  instances,  in  which  the  presence  of  calculi 
in  the  bladder  prevented  the  due  discharge  of  the  secretion ;  and  in  which 
a  urinous  liquid  was  ejected  from  the  stomach  by  vomiting,  or  was  dis- 
charged by  stool.  A  stiU  more  remarkable  case  is  recorded,  of  a  girl 
bom  without  either  anus  or  external  genitals,  who  nevertheless  remained 
in  good  health  to  the  age  of  fifl«en  years,  passing  her  urine  from  the 
nipples,  and  getting  rid  of  fiecal  matters  by  vomiting. — There  are  cases, 
moreover,  in  which  it  would  seem  that  the  mucous  lining  of  the  urinary 
bladder  must  have  had  a  special  power  of  secreting  urine  ;  the  usual  dis- 
charge having  taken  place  to  the  end  of  life,  when,  as  appeared  by  post- 
mortem examination,  the  kidneys  were  so  completely  disorganized  that 
they  could  not  have  fiimished  it,  or  had  been  prevented  by  original 
malformation,  or  by  ligature  of  the  urethra,  from  discharging  it  into  the 
bladder.  A  considerable  number  of  these  have  been  collected  by  Bur- 
dach.*  In  all  the  older  statements  of  this  kind,  there  is  a  deficiency  of 
evidence  that  the  fluids  were  really  urinous,  urea  not  having  been  ob- 
tained from  them  by  chemical  analysis,  and  the  smell  having  been  chiefly 
relied-on.  The  urinous  odour,  however,  when  distinct,  is  probably  nearly 
as  good  an  indication  of  the  presence  of  the  most  cluuracteristic  con- 
stituent of  human  urine,  as  is  the  appearance  of  the  urea  in  its  separated 
form.  The  passage  of  a  urinous  fluid  from  the  skin  has  been  frequently 
observed  in  cases  in  which  the  renal  secretion  was  scanty ;  and  the  critical 
sweats,  by  which  attacks  of  gout  sometimes  terminate,  contain  urates 
and  phosphates  in  such  abimdance  as  to  form  a  powdery  deposit  on  the 
surface. 

367.  The  metastasis  of  the  Biliary  secretion  is  familiar  to  every  prac- 

*  **  Zeitschrifb  fUr  Physiologie,"  torn.  li.  pp.  25^^,  254. 
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titiamer^  as  hmng  the  change  on  which  jamalke  is  dejiendent  It  is  not, 
Itow^eTer,  iu  every  case  of  yellowiali -brown  diseoloratioD  oi*  the  iissaest 
that  we  are  to  impute  aucb  diBcoloratiou  to  the  pree^ence  of  biliary  matter; 
and  we  can  only  safely  do  so,  when  we  have  at  tlie  same  time  evidence  of 
concurrent  obatruction  of  the  hiliary  apparatUR,  The  urinary  apparatufl 
then  affords  the  principal  channel  through  which  tho  biliary  matter 
is  eliminated;  the  urine  hceomea  tinged  with  the  colouring  principle  of 
bile^  being  eometimee  of  a  yellowish  or  oraiige  hue,  and  sometimes  of  a 
brown  colour  with  a  considerable  sediment ;  and  the  presence  of  the  most 
characteristic  coaatitwents  of  the  bile  has  been  determined  m  the  urine. 
The  s:una  result  presents  i  tgelf,  when  the  biliary  duct  has  been  artilicially 
obBtriictfd  by  ligaturo.  Other  secretions  have  been  found  tinged  with 
the  colouring  matter  of  bile  :  thus  the  pancreatic  fluid  has  been  seen  of  a 
yellow  colour  in  jaundice ;  and  the  milk  has  preaenteti  not  merely  the 
hue,  but  the  chamcteristie  bitterness,  of  the  biliary  secretion,  !rbe 
cutJineoUB  transpiration  m  not  unfi^nently  so  much  impregnated  with 
hiliary  matter,  as  to  commimicate  its  tinge  to  the  linen  covering  tlie 
skin  ;  and  even  the  sputa  of  patients  affected  witli  bilious  fevers  have 
been  observed  to  be  similarly  coloured,  and  have  been  found  to  contain 
biliaiy  matter-  The  secretions  of  serous  meaibranes,  also,  have  been  fre* 
quently  seen  to  present  the  characteristic  hue  of  bile ;  and  biliary  nmtter 
has  been  detected,  by  analysis,  in  the  iluid  of  the  pleural  and  peritoneal 
cavities.  Biliary  matter,  however,  when  miduly  present  in  the  circulating 
current,  is  not  removed  fi'om  it  by  the  secreting  organs  alone ;  for  it 
seems  to  be  withdrawn  also  in  tlio  ordinary  operations  of  nutrition,  enter- 
ing into  combination  with  the  solid  tissues,  Thus^  in  persons  affected 
with  jaundice,  wo  find  the  akin,  the  mucous  and  serous  membranes,  the 
lymphatic  gland.^,  the  brain,  tlie  fibrous  tissues,  tlie  cartilages,  the  bonea 
and  teeth,  and  even  the  hair,  jjenetrated  with  the  colouring  matter  of  the 
bile,  which  they  must  have  withdrawn  from  the  blood,  and  which  seema 
to  have  a  particular  afHnity  for  the  gelatinous  tissues.  It  is  impossible 
at  present  to  say,  however,  to  what  extent  the  more  charsicteristic  ingre- 
dients of  the  bile  are  thus  witlidrawn  from  the  blood ;  for  the  presence  of 
its  cohmrin^  matter  cannot  hy  any  means  be  taken  as  an  indication,  that 
its  peculiar  resimtd  acids  are  abo  incorporated  with  the  normal  compo- 
nenta  of  the  tissues. 

2.  Tkt  LivtK — Secretion  of  Bile. 

868,  The  Lwer  is  probably  more  constantly  present,  under  some  form 
or  other,  throughout  the  entire  Animal  series,  than  any  other  gland.  Its 
form  and  condition  vary  bo  greatly,  however,  in  difierent  tribes,  that, 
without  a  knowledge  of  its  essential  structure,  we  should  be  disposed  to 
question  whether  any  identity  of  character  exists  among  the  several 
organs  which  are  regarded  as  Hepatic.  It  is,  in  iact,  tlie  presence  of  bile- 
secreting  cells,  that  must  be  held  to  constitute  a  Liver ;  and  these  nmj 
be  scattered  over  the  general  hning  membrane  of  the  aJunentary  canal, 
or  may  be  restricted  within  foDicles  which  are  formed  by  depressions  of 
it ;  these  follicles,  again,  may  be  multiplied  in  some  particular  spot,  so  as 
to  be  aggregated  into  a  mass,  or  may  be  extended  into  long  tubes.  In 
all  the  Invertebrata,  however,  the  Liver  is  obviously  ooaibrmable  to  the 
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general  type  of  glandular  structures ;  the  hepatic  cells  being  in  immediate 
relation  with  a  basement-membrane,  and  being  discharged  upon  a  free 
suriace.     This  will  be  readily  imderstood  from  an  examination  of  any 
one  of  the  higher  forms  of  it,  such  as  that  presented  in  the  liver  of  the 
Crab,  which,  like  the  liver  of  the  MoUusca  generally,  is  a  lobulated  glan- 
dular mass,  formed  by  the  aggregation  of  a  multitude  of  follicles  with 
distinct  csecal  terminations;    these  follicles  discharging  their  secreted 
products  into  cavities  which  occupy  the  centre  of  the  lobules,  whence 
they  are  collected  by  the  ducts  which  convey  them  into  the  alimentary 
canaL     On  a  careful  examination  of  these  follicles  (Fig.  74),  and  a  com- 
parison of  the  size  and  contents  of  the  cells 
at  the  bottom  and  towards  the  outlet,  it  be- 
comes evident  that  the  cells  originate  in  the 
former  situation,  and  gradually  increase  in 
size  as  they  advance  towards  the  latter.     It 
is  also  to  be  observed  that  the  cells  which  lie 
deepest  in  the  caecum  (a,  ft),  contain  for  the 
most  part  the  yellow  granular  matter,  which 
may  be  r^arded  as  the  proper  biliary  secre- 
tion ;  but  as  they  increase  in  size,  there  is  also 
an  increase  in  the  quantity  of  oil-globules 
which  they  contain  (c),  until  past  the  middle 
of  the  follicle,  where  they  are  found  full  of 
oil,  so  as  to  have  the  appearance  of  ordinary 
fiit-cells  (rf,  e).     From  this  it  happens,  that 
when  an  entire  caecum  is  examined  micro- 
scopically, its  lower  half  appears  filled  with  a 
finely-granular  matter,  intermingled  with  nu- 
cleated particles ;  and  the  upper  half  with  a 
mass  of  fat-cells,  whose  nuclei  are  obscured  by 
the  oily  particles.* — In  Vertebrated  animals, 
the  Liver  seems  to  be  constructed  upon  a  simi- 
lar plan.  Its  component  cells  are  still  contained 
in  distinct  caecal  follicles  or  elongated  tubuli 
branching-off  from  the  excretory  ducts ;  but  in 
ascending  through  the  Vertebrated  series,  it 
presents  a  more  and  more  solid  parenchyma- 
tous texture,  which  strikingly  contrasts  with 
its  loosely-lobulated  racemose  aspect  in  even 
the    highest    Invertebrata.      This  character 
is  very  obvious  in  the  liver  of  Man,  which 
is  peculiarly  firm  and  compact,   and    has  less  of  connective   tissue 
between  its  different  parts  than  is  found  in  that  of  many  other  Mam- 
malia.— ^It  is  observable,  moreover,  in  the  Human  liver,  that  certain 
portions  are  rudimentary,  which  are  elsewhere  fully  developed.     Thus 
in  the  Camivora  and  Rodentia,  which  present  the  most  complex  form  of 
liver  that  we  meet- with  among  Mammalia,  there  are  five  distinct  parts ; 
namely,  a  *  central'  or  principal  lobe,  and  a  right  and  lefl  *  lateral'  lobe, 
each  with  its  *  lobtdar  appendage.'     The  whole  mass  of  the  liver  of  Man, 

•  See  Dr.  Leidy^s  'Researches  into  the  Comparative  Structure  of  the  Liver,'  in  *'Amer. 
Jonm.  of  Med.  Sci.,"  Jan.  1848. 


One  of  the  Hepatic  csca  of  ^«to- 
0lMq^llw(Cr»y-n«h),highl7Inagni- 
fled,  showinr  the  proness  of  dere- 
lopment  of  the  secreting  cells  firom 
tiie  blind  extremity  to  the  mouth  of 
the  follicle;  specimens  of  these,  in 
their  sncceadTe  stages,  are  shown 
separately  at  a,  6,  e,  <<, «. 
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which  w@  are  accustomed  to  describe  as  conaistiitg  of  &  ^  right*  and  '  left* 
lob0,  does  in  reality  form  but  one  (there  being  no  real  division  between  | 
its  two  portions),  which  mnat  be  regarded  as  the  *  cetitmr  lobe;    thai 
Mobulns  Spigelii'   ia  the  rtidiment  of  a  right  Materar  lobe,  and   the 

*  lobnJus  eatidatua'  is  its  'lobular  appendage  5^  but  the  left  ^  lateral*  lobe, 
witli  its  *  lobular  appendage,^  is  altogether  undeveloped.* 

369,  When  tlie  LiTer  is  closely  examined  with  the  naked  eye,  it  is 
seen  to  be  made-up  of  a  great  number  of  small  granidfir  bodies^  about 
the  size  of  millet-seeds,  of  an  irregular  form,  and  presenting  a  number  of 
rounded  projecting  processes  upon  their  surfaces.  These  are  commonly 
termed  lobuli^^  altliough  by  some  Anjvtoniists  they  are  epokeu-of  as  acim.^ 
When  divided  longitudinally,  they  have  a  somewhat  foliated  appe^^anoe 

(Pig*  75),  arising  from  the  distribu* 
Ft®.  75.  tion  of  the  Hepatic  Vein,  which 

pa^es  into  the  centre  of  each  divi- 
sion, Whcii  transversely  divided, 
tJie  lobules  are  usually  found  to 
present  somewhat  of  a  i^eiitagonal 
or  a  hexagonal  shftpe,  tlie  angles 
bying  slightly  rounded,  so  as  to  Ibriu 
a  series  of  passages  or  interlobular 
epaces ;  in  these  lie  the  branches  , 
of  tlie  Vena  Portce  (as  well  as 
the  liejjatic  Artery  and  Duct),"^ 
from  which  are  derived  the 
plexuses  that  enter  the  lob tiles- 
The  exterior  of  each  lobule  is  co- 
vered  by  a  process  of  tlic  *  capsule 
of  GliasoUjVhich  is  very  dense  in  the  Pig  and  odier  animals,  but  is  so  thin 
as  to  be  almost  undistingUTdiable  in  tlie  Human  liver ;  the  intersp 
between  tlie  veasela  are  illed  by  the  ultimate  terminations  of  the  Hepatld 
biliary  ducti?,  which  contain  large  secreting  cells.  J  The  structure  of  each 
lobule,  ill  en,  gives  us  the  CBsential  chanicters  of  the  whole  glautl. 

370,  The  Vena  PortWy  which  is  formed  by  tlie  convergence  of  the  veins 
that  return  the  blood  from  the  chylofHjietic  viscera,  protiahly  also  receives 
the  blood  which  is  conveyed  to  tlie  liver  for  the  purposes  of  nutrition  by 
the  Hepatic  Artery,  Like  an  artery,  it  gradually  subdivides  into 
smaller  and  yet  smaller  branches ;  and  at  last  it  Ibrms  a  plexus  of  vessel*, 
which  he  in  the  interlobular  spaces,  and  spread  with  the  freest  inoscula- 
tion throughout  the  entire  Liver,  To  these  vessels,  the  name  of  infer- 
lobular  Veins  was  given  by  Mr,  Kiernan.§     They  ramify  in  the  capeuleo 

•  For  n  genoml  view  of  the  Comparative  Structure  of  the  Liver  iu  differcot  daniiea  ofj 
ftmrnals,  &i!e  **  Prina.  of  Comp.  Thys.,"  ^g  405-411.  F 

t  Thfi  acini  of  Mdpighl  arc  the  mbutu  tnwiiea  of  Tariona  formfl  aud  yellowish  i^^lttutfi 
which  are  eeeti  whtu  any  individual  lobule  Is  examined  with  the  tnieroaeope  ;  these 
nothing  elfie,  however,  thim  the  irregular  iHlets  of  parenchyiua,  left  Wtween  the  mei 
of  the  ptexuR  formed  hj  the  uUlinate  Tflmitii^tioua  of  the  portid  vein. 

t^es  Prof.  Beale'a  Fnper  '  Ou  the  titimate  Armngemeiit  of  the  Biliaij  Ducts,*  m 
*'VhiL  TrMt,/'  1866,  &Dd  Todd  and  Bowmao*!  '*  Phjaidog.  AnaX.^'  p.  459,  toL  ii, 
1&59. 

%  Se«  hiti  ajdmiraUe  Memoir  *  On  the  Anatomy  Mid  Fhjnnkg^  of  the  Liver/  In  Uie 

*  *  Ph  iloBop  h  ical  TrBjiaaetion*^ "  I  S3  3 . 


Connection  of  the  LiAnthM  qftk^'  Livtr  with  tho 
Heputie  Velii ; — UttninJi  of  the  vein;  i,  &<  kibulea 
df'pencUuj^  ttom  Itii  bi-uiuhes  Jike  Icuveji  on  a  tree; 
the  cratT(?  of  eo'.'h  hcSnfr  oecupied  byaTcnouatw^^, 
tho  IntrilobiUat  Vi?lri. 
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of  the  lobuleft,  cover iDg  witli  their  mmificationB  the  whole  eoctemal  siir&ca 
;.Qf  these;  imd  then  eater  their  guhaUnco.  ^Then  they  enter  the  lobulea, 
are  termed  lobular  veins ;  and  the  plexus  formed  by  their  conver* 
gence  from  the  circumference 

Fia.  ra. 


of  each    lobule 
r^ixtre     (where 


towardg  ite 
their  ulti- 
mate ramliicatiens  terminate 
iti  those  of  the  intrulobtilar 
or  hepjilie  vein),  is  designated 
as  the  liihular  vanouit  pUxti^, 
— The  IltpatiG  Artery  lenfk 
braiiches  to  eveiy  jjtart  of  tlie 
Xiver,  supply log  the  walls  of 

~ie  |JortJil  and  hepitie  veinsi 
d  of  the  hejiatic  ducts,  tis 

ell  aaGIisaon's  capsule.  The 
principal  distribution  of  its 
bran^hea^  however,  ia  to  die 
lolailes;  which  tliey  re^eh,  in 
the  same  manner  with  tlie 
irtai     veflseifi    and     biUary 

luefcSj  by  spreading  theni- 
srdvea  through  the  inter- 
lobular e|iaces.  There  they 
nimify  upun  tlie  interlobu- 
lar ducts,  and  upon  the  caj3«iilar  mjrface  of  Uie  lobules,  which  they 
then   penetrate;    terminating  for  the  most   part   in    the  portal  vonoufl 

IcjcUB,   tliough   a   very  iew   small   branches  may  be   traced  intjo   tlie 

epatic  plexus  of  capillaricfl.     The  whole  of  the  blootl,  therefore,  of 

the  Hefjatic   Artery  passes  through  the  lobuli,  imd  ia  eubservieut  to 

Fio.  77- 


HorfEontd  «wtion  of  three  supcrfloiiii  Liibiileft,  itiOMflair 
the  twu  i4rint:i|iAl  ajMlc^idSof  BioQ4-t?^it§^U  ; — 1»,  li.  intm- 

lobular  plexui,  formfld  by  br^uichj^  uf  tiie  PLtri^  vuiiu 


1  of  a  iRialt  pt^rUan  at  Uio  /.i(*irf  of  a  HabUif  witb  tho  Hep«Uu  ar  intralobiUtr 

the  secretion  of  Bile. — ^It  now  only  remains  to  describe  the  Htpatic 

Vrins^  the  bninchej5  of  which  occupy  the  interior  of  the  lobules,  and 

r«re   termed  ir*fra lobular  veins  (Fig.  7*>,  «,  *i,  Fig.  77).      On   ninking^ 
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a  transYerse  section  of  a  lobule,  it  is  seen  that  the  central  vessel  is  Ibntied.] 
by  the  convergence  of  unmerons  iniuute  y snides,  which  arise  ham  ibd  | 
plexus  upon  the  surface  of  the  lobule.     The  intntlobukr  yemi  terminate  ] 
in  the  larger  trunks,  which  pass  along  the  bases  of  the  lobule^  collecrting 
from  them  their  venoofl  blood ;   these  are  called  by  Mi,  KieruAn  i^ih- 
lohulnr  veins.     The  main  trunk  of  the  Hepatio  Teija  tenninates  m  the 
ascending  Vena  Cava* 

B7L  The  Hepatic  Duct  forma,  by  its  subdiviHion  and  nunifieationj  mi  ^ 
interlobular  plexus  very  like  that  of  the  portal  vein ;  the  branches  lami- 
^ing  upon  the  capsular  surface  of  the  lobules,  and  ultimately  penetratiDg  | 
into  their  interior.     At  the  j>oint  where  the  interlobular  ducts  become 
continuous  with  the  cell-containing  network  within  the  lobnlea,  tlieir 
dbmeter  is  very  email,  not  exceeding  1-4 000th  to  1- 5000th  of  an  inch ; 
and  here  the  epithelium,  which  in  the  larger  ducts  ia  columnar,  passing 
in  the  smaller  ducta  into  the  teaselated  variety,  suddenly  becomes  sphe*  i 
roidal,  or  aasuraea  the  form  of  the  true  aocreting  cell.     The  tubes,  of  tho 
diameter  of  l-80th  of  an  inch  and  larger,  present  many  little  saccular 
dil*atationa  of  the  coats,  the  o|>emngs  of  which,  aocording  to  Dr.  Beale^  < 
are  regularly  arranged  in  two  rows  or  lines  on  opposite  sides  of  the  ducta; 
and  besides  these  aie  numerous  small,  irregular,  and  anastomosing  canals, 
which  run  obliquely  in  the  coiits  of  the  ducts,  and  ultimately  open  into 
their  cavities.     These  tubes  and  oeca  may  be  regarded  a^  accessory  gall- 
bladders, in  wliich  the  Bile,  Becrcted  and  stored-up,  comes  into  intimate 
relation  with  a  fine  plexus  of  capillaries^  and  may  perhaps  undergo  Airther 
elaboratiou* 


Fig*  76,* 


Fio.  T^.f 


of  Ita  puvDetmuA,  Wtb  ume  of  the  ^rjuichei  ot  tho  H^pniilc  VelD  In  ^  emtm,  iud  tikowof 
tha  ParUl  Vein  at  tbk«  petlphoTT. 

t  A  imBll  ptirtioti  or  thli  >cctL()n  more  litj^hly  miigiiiticil,  allowing  tlM  oolonma  tif  i^cnthig 
etUA  of  wtilch  Ute  Farenotaj-mft  li  compoftcd. 


372,  The  substance  of  each  lobule  may  be  considered  as  a  close  network 
of  hepatic  tubes  (Figs.  78,  7&);  the  interspaces  of  which  are  so  completely 
occupied  by  the  vascular  network  already  described,  that,  when  the  liitter 
is  fully  injected  J  no  vaciiities  are  seen.  The  meshes  of  the  parenchy- 
matous network  have  a  more  rounded  form  towards  the  margin  of  the 
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A,  portion  of  a  BepaHe  Columm,  fh)in  Hmntn  LiTer.  showing 
its  component  secretinff  cells  ^— b,  secreting  cells  detached,  a, 
in  their  normal  state,  6,  a  cell  more  highly  magnified,  id&owtng 
the  nncleos  and  distinct  oil-particles,  0,  in  Tarions  stages  of 
taiXj  d^eneration. 


lobule,  whilst  in  the  centre  they  are  disposed  more  radially ;  bo  that  in  a 
section  cutting  the  intralobular  vein  transverselyi  long  branching  columns 
of  hepatic  ceUs  are  seen 

stretching  from  the  latter  a  Fio.  80. 

on  all  sides,  and  uniting 
by  short  lateral  anasto- 
moses (as  in  Fig.  79), 
so  that  the  intermediate 
meshes  appear  like  narrow 
elongated  clefls.  These 
columns  (Fig.  80,  a) 
usually  consist  of  from 
three  to  five  rows  of  cells, 
and  are  almost  always  to 
be  fo\md  among  scraped- 
ofiT  particles  of  Sie  Hver. 

373.  The  biliary  cells 
of  the  Himian  liver  (Fig. 
80,  b)  are  usually  of  a 
flattened  spheroidal  form, 
and  from  l-500th  to 
l-2000th  of  an  inch  in 
diameter.  Each  of  them 
presents  a  distinct  nucleus;  and  the  cavity  of  the  cell  is  occupied 
by  yellow  amorphous  biliary  matter,  usually  having  one  or  two  large 
adipose  globiiles,  or  five  or  six  small  ones,  intermingled  with  it 
(a,  b).  The  size  and  number  of  these,  however,  vary  considerably, 
according  to  the  nature  of  the  food,  the  amount  of  exercise  recently 
taken,  and  other  circumstances.  If  an  animal  be  very  iat  or  be  well  fed; 
especially  with  farinaceous  or  oleaginous  substances,  the  proportion  of 
adipose  particles  (c)  is  much  greater  than  in  an  animal  moderately  fed 
and  taking  much  exercise.  The  size  of  the  oil-globules  varies  from  that 
of  mere  points,  scarcely  distinguishable  from  the  granular  contents  of  the 
cells  except  by  their  intense  blackness,  up  to  one-fourth  of  the  diameter 
of  the  cell.  A  still  greater  accumulation  of  adipose  particles  in  the 
biliary  cells,  gives  rise,  as  was  first  pointed-out  by  Mr.  Bowman,* 
to  the  peculiar  condition  termed  *  fatty  liver.'  The  finely-granular 
matter  is  the  portion  from  which  the  colour  of  the  cell  is  derived ;  it 
seems  to  fill  the  space  not  occupied  by  the  oil-globiiles ;  and  it  often 
obscures  the  nucleus,  so  that  the  latter  cannot  be  distinguished  until 
acetic  acid  is  added,  which  makes  the  granular  matter  more  transparent 
without  affecting  the  nucleus. — The  Liver,  therefore,  belongs  to  the  class 
of  ramified  tubular  glands ;  and  the  materials  of  the  biliary  secretion 
formed  from  the  blood  by  the  cells  lining  the  intralobular  extremities  of 
the  ducts  are  discharged  into  the  interior  of  these  canals  either  by  exuda- 
tion or  by  the  deliquescence  of  the  cells  themselves.  Teichmannf  has  traced 
the  lymphatics  running  with  the  portal  venous  branches  and  the  biliary 
ducts  to  form  a  plexus  with  large,  irregular  meshes  on  the  outside  of  the 
lobuli,  and  he  believes  he  has  even  injected  minute  branches  passing  up 


•  '<  Medical  Gazette/'  Jan.  1842.        f  **Saagader  System;*  p.  94,  Leipzig,  1861. 
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tbeir  centre  with  the  Vena  intralobularia  of  the  Hepatic  Teins.  There 
is  also  li  aitigle  layer  of  lymphatics  on  the  peritoneiiJ  surface  of  the  LivCT*^ 
lying  in  the  subserona  areolar  tissue.  The  nerv^es  of  the  Liver  have  been 
carettdly  examined  by  Dr*  liobert  Lee,*  and  shown  to  be  chieiiy  con- 
nected with  the  seniilmiar  ganglion  and  sympathetic  plexus  surrounding 
the  root  of  the  hepatic  artery,  the  minutest  branches  of  which  they 
accompany, 

374.  The  first  and  mo  at  obvioTis  ftmction  performed  by  the  Liver  is 
the  secretion  of  Bile.  For  this  the  arrangement  of  the  cells  and  ducts 
appears  to  be  primarily  designed ;  and  by  their  means  a  considerable 
quantity  of  material  rich  in  ciirbon  and  hydrogen  is,  temporarily  at  lea^t., 
elimiaated  Irom  the  blood,  wlulst  at  the  same  time  a  liquid  is  providedj 
the  ntiJity  of  wliicli  in  promoting  the  absorption  of  food  has  been  already 
sufficiently  considered  (§  9(5).  Bnt  the  large  si^e  of  this  organ  in  com- 
parison with  the  amount  of  secretion  poured  into  the  alimentary  canal  \ 
its  constant  presence  in  almost  all  classes  of  animals,  how  various  soever 
the  nature  of  their  food  may  be  j  its  manifest  activity  in  tlie  fojtus  before 
the  ingestion  of  any  food  has  taken  pla(^ ;  the  large  supply  of  blood  which 
it  receives  from  diflerent  sources,  as  well  tm  the  peculiar  relatiojis  which 
it  holds  to  the  blood  returning  from  the  placenta  in  the  ftctus,  and  from 
tlie  abdominal  viscera  in  the  adtdt — are  all  circumstances  suggesting  tliat 
other  fimctions  than  tlie  secretion  of  Uie  Bile  are  here  perlbrmed ;  and 
from  the  results  of  comparatively  recent  research,  it  may  now  be  con- 
sidered as  fairly  established,  that  it  exerts  an  assimiiative  or  elaborating 
action  on  the  fres^hly-absorbed  materials  of  our  food,  and  especially  ujjon  the 
albuminous  and  saccharine  conBtituents^  whereby  they  become  more  fitted 
for  the  nutrition  of  the  body;  and  that  in  the  coiuse  of  these  asaimilatiire 
changes,  the  activity  of  which  is  indioated  by  the  high  temperature  of 
the  organ,  and  [perhaps  as  a  consequence  of  them,  a  material  analogous  ta 
sugar  is  formed,  whose  idtimate  destination  is  still  undeteiniined,  bul 
which»  there  is  strong  reafon  for  believing,  either  directly  or  indirectly 
combines  with  oxygen,  and  thus  becomes  subservient  to  the  maintenanc© 
of  animal  heat.  The  production  of  this  substance  is  termed  Glycogen/, 
and  will  be  consider od  afler  the  characters  and  mode  of  formation  of  the 
Bile  have  been  discussed »  The  following  are  analyses  of  tlie  Bile  con- 
tained in  tlie  human  Gall-bladder,  by  Frerichs  and  v.  Gorup-Besanez  :f — 
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Bile  is  a  viscid,  neutral  or  feebly-alkaline,  somewhat  oily-looking  liquid, 
of  a  greenish-yellow  colour,  and  very  bitter  taste,  followed  by  a  sweetish 
after-taste.  It  is  readily  miscible  with  water,  and  its  solution  froths  like 
one  of  soap.  Its  specific  gravity  in  the  human  subject  is  about  1018. 
The  proportion  of  solid  matter  which  it  contains  is  usually  from  9  to  17  per 
cent,  and  nearly  the  whole  of  this  consists  of  substances  peculiar  to  Bile. 
In  the  Biliary  matter,  according  to  the  researches  of  Strecker  (which  are 
undoubtedly  the  most  accurate  and  satisfactory  that  have  been  hitherto 
made),  the  following  substances  may  be  distinguished: — Two  resinous 
acids,  the  Glycocholic  (which  is  the  cholic  of  Strecker  and  many  former 
authors)  and  the  Taurocholic  (which  is  the  choleic  acid  of  Strecker,  and 
is  nearly  the  same  with  the  bilin  of  other  chemists) ;  these  are  formed, 
according  to  Lehmann,  by  the  *  conjugation'  of  Cholic  acid  with  glycine 
(gelatine-sugar)  and  taurine  respectively ;  and  they  are  united  in  3ie  bile 
with  soda  as  a  base.  It  is  in  the  taurocholic  acid  that  the  sulphur  of 
the  bile  presents  itself,  no  less  than  25  per  cent  of  that  element  existing 
in  taurine ;  so  that  the  proportion  which  this  acid  bears  to  the  glyco- 
cholic (which  differs  greatly  in  different  animals)  may  be  estimated  by 
the  amount  of  sulphur  in  the  mixture  of  the  two.*  Besides  a  variable 
quantity  of  the  ordinary  Fatty  acids,  Bile  also  contains  Choleaterin^  a 
non-saponifiable  crystalline  &tty  substance,  various  products  of  disinte- 
gration, as  Leucine,  Tyrosine,  Xanthin,  and  Hypoxanthine ;  and  also  cer- 
tain colouring  matters,  Cholepyrrhin,  Bilifulvine,  and  Biliverdine,  whose 
relationship  with  the  colouring  matter  of  the  Blood,  first  suggested  by 
Virchow,f  has  been  rendered  still  more  probable  by  the  discovery  of 
Zenker^  of  crystals  of  Hsematoidin  in  inspissated  BUe,  by  the  circum- 
stances that  both  contain  iron,  and  by  the  observation  of  Gubler§  that 
Biliphaein  and  Haematin  give  the  same  play  of  colours  with  N  O^,  except 
that  the  green  colour  is  most  persistent  in  the  former  and  the  violet  in 
the  latter.  It  is  remarkable  that,  notwithstanding  the  comparatively- 
minute  proportion  in  which  these  last  substances  exist  in  ordinary  bile, 
cholesterin  should  usually  be  the  principal  ingredient  of  the  biliary  con- 
cretions which  are  frequently  found  in  the  ^11-bladder  and  bile-ducts ; 

*  The  soda  salts  of  these  acids  may  be  readily  obtained  by  eTaporating  Ox  bile  to  dry- 
ness, treating  the  residue  with  alcohol,  and  adding  ether  to  the  alcoholic  solution  till  a 
dense  precipitate  is  permanently  thrown  down.  After  some  hours  the  Glycocholate  of 
soda  crystallizes  out  in  silky  prisms  and  bundles,  whilst  the  Taurocholate  of  soda  remains 
in  the  form  of  oily  drops.  Both  are  hygrometric  and  yery  soluble  in  water,  and  the 
acids  can  be  separated  from  one  another  by  acetate  of  lead,  which  precipitates  the 
Glycocholic  but  not  the  Taurocholic.  The  formula  for  the  Cholic  acid  is  stated  to  be 
C.g  H^o  0,0.  In  Glycocholic  acid  it  is  in  combination  with  Glycine,  the  formula  for 
which  is  C4  H5  N  0^,  and  in  Taurocholic  acid  with  Taurine,  which  is  represented  by  the 
formula  G^  H^  N  S,  0,.  This  separation  of  Tauro-  and  Glycocholic  acids  is,  it  is  to 
be  remembiered,  purely  artificial,  and  the  result  of  the  action  of  reagents ;  and  though 
there  is  a  general  resemblance  in  the  characters  of  the  Bile  in  different  species  of  animals, 
yet  there  are  minor  differences  which  are  very  distinctive.  Thus  Dr.  Dalton  states  that 
he  has  been  unable  to  obtain  any  crystals  from  Human  bile  corresponding  to  those  of 
the  Glycocholate  of  soda  procured,  as  above  mentioned,  from  Ox  bile.  On  the  other 
hand,  the  entire  biliary  ingredients  of  human  Bile  are  precipitated  by  both  or  either  of 
the  salts  of  lead.  See  the  excellent  Section  '  On  the  Liver  and  its  Functions,*  in  Dr. 
Dalton's  "  Human  Physiology,"  1861. 

t  "  Arxjhiv  f.  Path.  Anat."  band  i.,  1848,  p.  421. 

t  "  Jahresbericht  von  der  Gesellsoh.  f.  Natur  and  Heilkundein  Dresden,"  1858,  p.  53. 

§  <*Gaz.  M^.  de  Paris,"  1859,  p.  469. 
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and  that  the  blle-pigniGnt  with  its  calcar^ti^base  iliould  oho  oGCadonallj 
accumui^itef  ao  as  to   form   solid  massoa  which    consist  of  little  ebe. 
Strecker*  haa  recently  found  in  the  bile  an  energetic  hiise  which  he  h^ . 
termed  Choline  (C^^  H^^  N0^)>  and  Lecithini  a  substance  allied  to  the  fats, 

375,  We  have  now  to  inquire  into  the  conditions  under  which  the 
Secretion  of  Bile  takes  place ;  and  one  of  the  most  important  of  these,  ii 
tlie  supply  of  Blood  which  the  Liver  receives.     How  far  the  blood  sup*  j 
plied  by  the  llei>atic  Artery  is  the  immediate  source  of  the  secretion  hm 
not  been  quite  aatiafactorily  determined.     Kottmeier|  and  KiitheJ  foand 
that  no  bile  was  secreted  after  ligature  of  this  vessel,  and  they  attribute 
tiie  result  to  an  alteration  taking  place  in  the  nutrition  of  the  cells  destined  ( 
to  form  the  bile.     Schiff,  however,  waa  unable  to  detect  any  diminutioa  j 
in  a  large  dog  upon  which  he  had  performed  tlie  same  opeiution.    It  is  oer*  | 
tain,  however,  tliat  the  Hepatic  artery  may  indirectly  fiirniah  the  supply 
of  blood  necessary  for  ^le  secretion ;  for  although,  if  the  Vena  Porti  be 
suddenly  tied,  the  i!ow  of  biJe  is  immediately  stopped,  and  death  ensues 
in  the  course  of  a  few  hours ;  yet  if  the  obliteration  be  slowly  effected, 
either  by  the  gradual  tightening  of  a  ligaturej§  or,  as  occsasionally  happeDS|,d 
from  disease^  the  secretion  of  bile  still  continueSj  though  in  dimimahed 
quantity.     In  audi  instances  it  probably  proceeds  from  the  blood  of  the 
hepatic  artery,  Uie  capillaries  of  which  discharge  themselves  into  the 
lobular  plexus  of  veins,  and  in  cases  of  mahbrmation  have  been  actually 
observed  to  pass  into  the  raniificationa  of  the  umbilical  vein,  forming 
a  plexus  in  the  lobules  that  exactly  resembled  the  ordinary  portal  plexus,  || 
It  may  also  soraetimea  be  due  t»  the  presence  of  the  accessory  VeniK 
Portarum,  which  have  been  noticed  by  Sappey-TT   According  to  Bernard,** 
the  engorgement  of  the  Vena  Portte  consequent  upon  its  alow  obliteration^  j 
is  relieved  by  the  presence  of  small  anastomotic  branches  with  the  Keitall 
Vein,  corresponding  to  the  Venous  system  of  Jacobson,  found  in  the  lower 
Vertebrate  claeses.f f-^The  ^t  that  the  secretion  of  Bile  is  normally 
formed,  in  great  part  at  least,  from  venotis  blood,  has  been  commonly 
connected  with  die  hydrocarbonaceoua  nature  of  its  chief  components, 
which  must  exist  (it  is  considered)  in  larger  proix^rtion  in  such  blood 
than  in  that  of  the  arteries.     But  it  must  be  borne  in  mind,  that  die 
urinary  excretion,  which  is  undoubtedly  formed  at  the  expense  of  the 
products  of  tlio  disintegration  of  tJie  tissues,  is  secreted  from  arterial 
blood ;  and  since  the  bile  Is,  as  it  were,  tlie  completnent  of  the  urine  (the 
ultimate  comjjonents  of  the  two  together  making-up  the  compoation  of 
bloodj,f  J  there  seems  no  reason  why  arterial  blood  should  not  fiimish  its 

•  P*  Sehiit«enberger,  "Chlmie  apptiqu^  4  b  P^jiiologie  Animale/'  1864,  p.  170 
etxq. 

+  "  Zur  Kenntuiaa  der  Leber,**  WanbuiK,  1B57. 

t  **Sttidieii  des  Fbysiolog.  laititafc.  za  AmHterdum,"  18^1* 

g  Or6,  **0otDpl08  E<?iid(ifl,"  1860,  p,  463. 

II  Such,  »i  laoBt,  Wild  fatuid  to  he  the  ciue,  in  tlie  oalj  in^taiiee  in  which  tbe  Litot 
WW  €!xarali]ed  with  aufGci^nt  dare.     Bee  Kietntitif  Idc;  cit, 

II  "  <Hi.  M^d."  IU9,  p.  48e. 

••  **  LegoDfi  8tir  lufl  liqnidea  de  TOrganisinfl,"  1859,  -^ol.  ii.  p»  ItS* 

+f  Fqt  nih^T  anaat<imotit:  bransihee,  see  ScbiiF  in  Scbweii,  '*  2eit«.  f.  HciJkande," 
band  I,  1S52. 

Xt  Itfaubeen  poiuteJ^outbj  Fraf,  Liebig^  t!iat  if  we  ivchl  to  bdf  tbeformuU  represent- 
ing  tbfl  ultiatcite  composltitpu  of  bUc,  the  farmal&  (if  urxUe  QfammQHia  (wiu<^h  h  the 
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materials,  as  abundantly  (or  nearly  so)  as  venous.  The  real  explanation 
of  the  peculiar  relation  of  the  Liver  to  the  Venous  circulation,  is  probably 
to  be  foTind  in  the  action  of  the  organ  upon  the  matters  newly  absorbed 
into  the  circulation  from  the  alimentary  canal.  That  this  action  is  not 
only  assimilative,  as  already  shown  (chap.  rv.  Sect*  3),  but  is  also  to  a 
certain  extent  depurative,  appears  from  the  fact  that  the  liver  tends  to 
remove  from  the  blood,  and  to  store-up  in  its  own  substance,  certain 
foreign  matters  of  an  injurious  kind, — such  as  copper  and  arsenic, — 
which  have  found  their  way  into  the  tributaries  of  the  portal  system. 
This  seems  also  to  be  the  case  with  respect  to  pus,  which,  when  taken-up 
from  ulcers  in  the  intestinal  walls,  is  stopped  in  the  liver,  and  not 
imfrequently  gives  rise  to  abscesses  in  its  substance.* 

376.  The  chief  constituents  of  the  Bile  appear  to  be  elaborated  in  the 
Liver  itself,  and  not  to  be  preformed  in  the  Blood;  since,  although  the 
tests  for  the  biliary  acids  are  far  more  delicate  than  those  employed  for 
the  detection  of  urea,  no  trace  has  been  discovered  of  them  in  the  blood 
of  animals  whose  liver  has  been  extirpated,  though  it  might  be  expected 
that  if,  like  the  components  of  the  urinary  secretion,  they  pre-exist  in 
the  circulating  current,  and  are  merely  eliminated  from  it  by  the  action 
of  the  liver,  they  would  accumulate  in  it  when  that  elimination  is  checked 
by  the  removad  of  the  secreting  organ.f  Biliverdine  (Harley)  and 
Cholesterine,  however,  appear  to  be  always  present  in  the  blood,  and  are 
therefore  probably  preformed. — Even  though  the  materials  of  the  biliary 
secretion,  however,  should  receive  their  complete  and  characteristic  form 
in  the  liver  itself,  it  is  not  less  certain  that  they  are  produced  at  the  ex« 
pense  of  substances  of  an  excrementitious  character,  whose  retention  in 
the  circulating  current  would  be  injurious ;  this  being  strikingly  demon- 
strated by  the  disturbance  of  the  functions  generally,  and  especially  of 
those  of  the  Nervous  system,  which  is  consequent  upon  the  suspension  of 
the  secreting  process.  When  the  suppression  is  complete,  the  powers  of 
that  system  are  speedily  lowered  (idmost  as  by  a  narcotic  poison),  the 
patient  suddenly  becomes  jaundiced,  and  death  rapidly  supervenes. f 
When  the  secretion  is  diminished,  but  not  suspended,  the  same  symptoms 
present  themselves  in  a  less  aggravated  form.  It  is  probable  that  much 
of  the  disorder  in  the  functions  of  the  brain,  which  so  constantly  accom- 

diaracteristie  component  of  the  urine  of  all  animals  save  Mammalia),  the  sum  gives  the 
proportionals  of  the  ultimate  components  of  dried  Uood  or  otfiak,  with  the  addition  of 
1  eqaiv.  of  oxygen  and  1  equiv.  of  water.     For  : — 

i  EqniT.  of  Biliary  matter  s38C,  33H,    N,  110 
1  Equiv.  of  Urate  of  Ammonia ^r  IOC,    7H,  5N,    60 

The  Sum  of  which  a48G,  40H,  6N,  170 
And  in  like  manner 

Formula  of  Blood »48C,  39H,  6N,  150 
1  Equiv.  of  Water  + 1  Equiv.  of  Oxygen  =  H,  20 

48C,  40n,  6N,  170 
Although  these  formuln  can  by  no  means  be  supposed  to  represent  the  process  which 
actually  takes  place,  yet  the  coincidence  is  so  close,  as  to  indicate  that  the  complementary 
relation  spoken-of  above  has  a  real  existence. 

*  See  Dr.  G.  Budd's  "  Treatise  on  Diseases  of  the  Liver,**  2nd  edit.,  chap,  ii.,  sect  1. 

fSee  Frerichs'  **Clin.   Treat,  on  Dis.  of  the  Liver,"  Syd.  Soc.  Trans.,  vol.  L, 
1860,  p.  81  e^  seq, 

X  See  Prof.  Alison  in  *'  Edinb.  Med.  and  Surg.  Joum.,*'  vol.  xliv. ;  and  Dr.  Budd,  Op. 
cit.,  chap.  iiL 

C  C 


586 


SECRETIOK   AND   IKCRETION. 


piim^  dorang^t  action  of  tlie  dig^fltlve  system^  in  due  to  llie  lene  sevefi 
operation  uf  tJie  same  causey  namely,  the  ptrtial  retention  within  tli( 
blood,  of  certain  constituents  ofthe  bilcj  w]ut!li  Kslionid  have  been  t^liniitiatod 
from  the  drctdating  fluid.  Such  un  rtbnorrnal  accun  mint  ion,  whiuli  m^y 
clepond  either  on  a  deficiency  in  the  fimctional  activity  of  the  Uver,  or  on 
an  excess  of  the  excrement! tioua  matters  brought  to  it  for  elimination,  is 
habitual  in  some  persons ;  and  it  producea  a  degree  of  india^ioaition  to 
bodily  or  mental  exertion,  which  it  h  difficult  to  counteract.  Morc^ 
probably,  is  to  be  gained  in  such  eases  by  the  regulation  of  the  diet, 
especially  the  reduction  of  its  hydrocarbonaceous  compc*uente,  and  by 
active  exercise  {which,  by  aiign^enting  the  Tespiration,  will  promote  tlie 
eliuiination  of  any  Hupertluity  of  thiB  kind  through  the  lungs),  than  hfj 
continually  inciting  the  liver  to  increased  functional  activit}'^,  by  mediciae 
wliieh  have  a  s|>eclal  fiower  of  teinitorarily  augmenting  its  energy, — The 
excrementitioua  character  of  the  Biliary  secretion  is  very  strikingly  indi- 
cated  by  its  formation  during  ftctid  Hfe;*  which^  as  it  can  tlieo  have 
reference  neither  to  the  function  of  Digestion  nor  to  that  of  Kespiration, 
must  be  regarded  as  having  for  its  piirj'koae  to  free  the  blood  of  matter 
whicii  would  be  injurious  to  it>  And  this  matter  can  hardly  arise  from  . 
any  other  source  thaii  the  *  waste '  of  the  tissues  (ooi)se<^lieiit  njjon  thsl 
limited  duration  of  their  eicistence),  which  takeet  plaoe  even  when  the  life^ 
of  the  organifiUi  is  most  purely  vegetative. 

377,  From  what  components  of  the  Blood  the  materiids  of  the  biliary 
secretion  are  immediatcdy  derived,  is  a  cpiestion  tJiat  cannot  yet  be 
answered  with  more  certainty  than  the  preceding.  The  close  reseio- 
blrnice  in  compoaitton  between  the  resinous  acids  of  bile  and  the  ordinary 
fats  (especially  olein)^  naturally  siLggests  the  Idea  that  they  are  drawn 
fi\>m  the  iatty  matters  of  the  blood;  an  opinion  which  was  supported  by 
LehmanUf  on  the  gromads — ^first^  of  the  diminished  pro[)ortion  of  fnt  con* 
tatned  in  the  Hepatic^  as  comjmred  with  the  Portal  Venous  bloiid ; 
secondly,  of  the  increase  in  the  quantity  of  bile  observed  al^er  ricli  fiit 
food ;  and  tldrdly,  ol'  the  emaciation  which  occurs  in  aniuials  as  a  eonae- 
cpience  of  the  fonuation  of  a  laliiiry  fistula,  in  spite  of  abtmdant  suj^p^y  of 
albmiiinous  food.  It  must  be  iicknowledged,  however,  thut  there  are 
varlouB  objections  to  this  view,  both  physiological  and  cliemieal.  Thus 
it  is  maintained  by  Bidder  and  Schmidt,  tliat  tlio  ilow  of  bile  m  not 
mcreased  by  a  predominance  of  tat  in  the  food,  and  that  animals  fed  ex- 
chisively  on  fat  do  not  secrete  more  bile  than  thase  entirely  deprived  of 
focKl ;  whilst  it  has  been  found  by  Nasae,  that  it  is  to  the  presence  of  a  large 
amount  of  albuminous  compounds  in  the  food  that  any  great  augnientation 
in  this  secretion  is  ducf  The  increase  of  the  secretion  afier  each  ordinary 
ingestion  of  food  (§  97),  and  ita  marked  and  progressive  diminution  in 
animals  entirely  deprived  of  aliment  (as  determined  by  MM,  Bidder  and 
Schmidt),  seem  to  indicate  that  its  materials  may  be  directly  derived  in 
part  irom  albuminous  materials  which  do  not  undeq^o  metamorphosia 
into  tissue ;  whilst  on  the  other  hand,  there  is  every  reason  to  beUeve,  that 

*  It  hoji  li^Q  ftbovD  bj  Simon  and  Frericlifl^  ttiat  ibo  mtcGmum  wtiidi  la  cont^^tneil  in 
tlie  tDtesiioiil  catiti]  at  Uirtb,  ib  diteffly  composed  of  ficcumukied  1>ili>  i  nud  P,  Hoppe 
hns rvoenUj (■  * Virchow'sArchiV  1863, p. 519)ii]n]nUiino[1  itittttbehilc is  tiot  re-nltsorljed, 
tot  tinderg(>6»  decompoiition  in  itn  course  through  the  alimentary  caiml,  iiito  butyric, 
baldriAnic,  cupronioj  and  capiyhc  ncidi. 

f  S^e  Frof.  Lebjimaa*s  *^  Fby^ialogiAcbcn  Chemte,'*  2tid  edit.,  band  a.  pp.  04-66. 
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the  production  of  the  components  of  bile  is  a  necessary  part  of  those  pro- 
cesses of  retrograde  metamorphosis^  by  which  the  materials  of  the  effete 
tissues  are  removed  from  the  system. — In  r^ard  to  the  influence  of  the 
Nervous  system  on  the  secretion  of  Bile,  it  has  been  observed  by  Grold- 
Bchmidt*  that  it  is  considerably  decreased  by  section  of  one  Vagus,  pro- 
viding the  respirations  diminish  in  frequency,  but  not  otherwise ;  when 
both  Vagi  were  cut  the  secretion  diminished  to  one-half,  which  was  probably 
attributable  to  the  embarrassment  of  the  lungs  and  heart,  consequent  upon 
the  operation,  producing  engorgement  of  the  liver,  a  condition  which, 
when  produced  by  other  causes,  is  also  accompanied  by  diminution  in  tlie 
secretion  of  Bile  ;f  and  this  explanation  is  supported  by  the  fact,  that  section 
or  irritation  of  the  Vagus  below  the  Diaphragm  exerts  no  influence  on 
the  amount  of  bile  secreted.  But  besides  the  secretion  of  Bile,  it  appears 
that  another  purpose  is  fulfilled  by  the  Liver — the  production  of  an 
amyloid  substance  termed  Glycogen ;  and  we  shall  now  proceed  to  con- 
sider the  chief  fects  which  have  been  ascertained  in  reference  to  this  so- 
called  *  Glycogenic  function  of  the  Liver.^ 

378.  It  had  long  been  well  known  that  Vegetables  were  capable  of  pro- 
ducing Starch  and  Sugar  from  the  inorganic  materials  of  their  food,  but  the 
presence  of  the  former  as  a  constituent  of  the  animal  body,  in  the  test  of 
one  of  the  Timicata,  announced  by  Dr.  Schmidt,  and  corroborated  by  the 
observations  of  Lowig  and  KoUiker,  J  was  considered  to  be  only  interesting 
because  it  destroyed  what  had  till  then  been  looked  upon  as  one  of  the 
most  important  means  of  distinguishing  the  tissues  of  the  animal  from 
those  of  the  plant.  In  1848,  however,  Bemard§  observed,  that  whilst 
the  Blood  of  the  system  generally,  and  that  of  the  Vena  Portae  in  parti- 
cular, in  an  animal  fed  exclusively  on  meat,  appeared  to  be  destitute  of 
Sugar,  a  very  notable  quantity  could  be  detected  in  the  blood  of  the 
Hepatic  Vein  and  right  heart — that  is  to  say,  in  the  blood  which  had 
passed  through  the  Liver.  He  immediately  inferred  that  a  new  function, 
the  formation  of  Sugar,  was  to  be  attributed  to  the  Liver ;  that  the  sugar 
so  produced  was  thrown  into  the  circulation,  and  then,  by  undergoing 
combustion,  ministered  to  the  maintenance  of  animal  heat.  He  was  sup- 
ported in  this  view  by  the  authority  and  analyses  of  Lehmann,||  who 
suggested  that  the  Sugar  might  proceed  from  the  decomposition  of  albu- 
minous compounds,  since  there  was  a  smaller  quantity  of  albiunen  in 
Hepatic  as  compared  with  Portal  Venous  blood ;  and  there  were  also 
good  chemical  grounds  for  supposing  that  albumen  might  split  up  into 
nitrogenous  compounds,  represented  by  the  conjugated  biliary  acids  (which 
also  contain  the  sulphur),  and  into  non-nitrogenous  compounds  repre- 
sented by  Starch,  Glycogen,  and  Sugar.  Bernard^  himself,  however,  was 
disposed  to  consider  that  the  Bile  and  Sugar  were  produced  independently 
of  one  another ;  first,  because  the  formation  of  Sugar  was  most  active  at 
a  much  earlier  period  afler  food  than  that  of  Bile ;  and  secondly,  because 
in  one  of  the  Mollusca  (Limax  flava)  he  found  that  the  liver  secreted  sugar 

*  Experiments  made  in  conjunction  with  Uausmann  and  Lissa  in  the  '*Prooeedinga 
of  the  Breslau  Institut,*'  Heidenbain,  1862. 

f  See  Korner  and  Strube's  Experiments  in  the  "  Proceedings  of  the  Breslau  Institnt," 
1862. 
J  "  Annales  des  Sciences  Naturelles,"  1846.  §  "Archives  G6n.  de  M6decine." 

II  "Comptes  Rendns  de  TAcad.  des  Sciences/'  1855,  p.  587. 
•I  "Lemons,"  1854-55,  p.  93  ei  seq. 
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and  bile  alternately,  the  former  during,  the  latter  after  digestion »  The  ob 
yatioiis  of  Bernard,  from  their  novelty  and  interest,  attracted  tlie  rittendcjn 
of  many  chemiata  and  physiologistB,  a»d  it  was  fioon  shown  that  angar, 
tliough  in  t'omparatively  am  all  proportion,  -wim  frequently  present  in  fh^ 
blood  of  the  general  circulation,  atid  of  Uie  Vena  Port^e,  aa  well  ;m  in  that 
of  the  Heptttic  vein.     Thus  .Chauveau*  foimd  in  the  arterial  blood  of  a 
Horse,  which  had  Bisted  for  aiJt  days,  0'06  per  cent  of  Sugar,  and  iti  the 
syatemic  venous  blood,  0'05  per  cent.     Colin  also  detected  tracei  of  Sugar 
in  the   Chyle  and   Lymph.     Very  careful  investigations  were  made  by 
Dr,  Harley»  PoisaeuiUe,  Lefort,|  and  otliera,  to  determine  the  proper- 1 
tion  of  Sugar  in  the  Liver,  and  in  the  hlo<>d  drawn  from  different  jmrtal 
of  fasting  animaJs.    In  one  of  the  experimenta  of  Poisseuille  and  Lefbrt,  »{ 
dog  which  had  been  kept  fasting  for  60  honra,  but  had  been  supplied 
with  a  moderate  quantitj?'  of  horseflesh  an  hotu-  and  a  hali'  before  death, 
was  found  to  contain — 

In  100  pjoia  of  the  PirM  flrSngw, 

hiver liST 

Thoracdc  Ljmph   .,*..,,,,..     O'Hl 

Hood  of  tbe  HepEbtic  Yeln 0*S21 

Nona  daavherit 

Again,  in  a  horse  in  full  digestion,  after  a  meal  of  oats^  they  found — 

In  im  pftrtu  of  i%B  Part!  of  Sngv, 

Liver     ....     * .     ,     .     2*292 

Blood  or  Hep&tk  Yeizi    . 1-12S 

Cbjie 0-222 

Lymph       .    * .     0*412 

Blood  of  the  Yeoa  Fart»  ftsd  elsewhere      ^     .     .     0*065 

Lastly,  in  examining  the  Liver  of  various  animali;,  they  obtained  Irom- 

1(K>  fNirtB  of  the  Lirfrr  of  the  Part«  of  Sufir, 

FiMk     .....,,.,,,  0-484  to  1-5 

Froga    .,....,..,.  0-315  „  0*63^ 

Birda 2^64  ,,   0-632 

Goat     .     .    .     , .  ^     „  1*002 

K&bblt 1-000  „   1-163 

Cftt 0*a07  „   2-S06 

Bernard  abo  found  that  the  liver  of  tlie  calf  usually  contains  from  2  to  4  j 
per  cent  of  migar;  of  the  rabbit,  from  2-2  to  2*7  ;  and  of  tlie  dog,  from 
]-0  to  1*3  per  cent;  whilst  in  his  examioatious  of  tlie  liver  of  the  human 
iubject,  he  found  from  1-79  to  2' 142  per  cent  of  sugar  in  criminals,  and 
in  the  fcGtus  of  six  months^  0^77  per  cent.     Stokviaf  also  obtained  0*54 
per  cent  of  sugar  from  the  Uver  of  a  feetus  at  the  6th  or  7  th  month,  but  J 
as  much  as  3-42  per  cent  from  that  of  a  stillborn  mature  infant     Thfl ' 
much  larger  proportion  of  sugar  obteined  from  the  liver  of  Herbivorous  aa 
compared  with  Garni voroua  animalaj  especially  after  a  meal  containing 
much  amylaceoua  or  saccharine  material,  naturally  led  to  the  auppoaitiou 
that  these  substances  were  derived  from  the  aliment,  and  were  merely 
deposited  in  the  tissue  of  the  liver;  and  we  accordingly  find  Sanson,!  ^f^** 
a  cJireful  r<5sum^  of  the  whole  subject,  arriving  at  the  concluBion  that 
vegetables  alone  are  capable  of  producing  starch,  a  part  of  which,  when 

•  **Qiw.  MM.r  1B67,  and  *'  VUnmn  MM.,"  1S57,  +  '*  Qui.  Mid.»"  1858, 

t  Henle  Kad  Meiesner,  ^'Biricht,''  I&57,  p.  254. 

§  *' Journ.  de  k  Fh^sioL/*  1858,  p.  244  ;  1859,  p.  104. 
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formed,  is  applied  by  the  plant  to  the  nutrition  of  its  own  tissues,  whilst 
another  part,  stored  up  in  cells,  becomes  subservient  to  the  nutrition  of 
Herbivorous  animals.  In  these  again,  a  portion  of  the  starch  is  consumed 
in  the  vital  processes,  whilst  anodier  portion  is  distributed  to  the  tissues, 
being  especially  abundant  in  the  liver ;  and  to  this  source  he  believed  the 
sugar  contained  in  the  blood  of  Camivora  to  be  traceable.  This  view, 
however,  became  untenable  when  it  was  shown  that  in  animals  fed  exclu- 
sively for  months  on  ordinary  butchers'  meat,  in  which  no  trace  of  starch 
or  sugar  is  present,  the  presence  of  sugar  in  the  liver  could  readily  be 
demonstrated.  In  such  cases  it  was  obvious  that  the  sugar  could  not 
be  derived  directly  from  the  aliment,  but  must  have  been  the  result  of 
metamorphoses  taking  place  in  the  liver  itself. 

379.  In  the  meanwhile  Bernard,  pursuing  his  investigations,  was  struck 
with  the  circumstance,  that  if  the  vesseb  of  the  Liver  were  thoroughly 
cleared  of  Sugar  by  the  injection  of  water,  a  fresh  supply  of  that  substance 
could  be  obtained,  after  the  lapse  of  a  few  hours,  upon  re-injection ; 
showing  not  only  that  the  production  of  sugar  must  be  extemsil  to  the 
vessels,  and  in  tlie  very  substance  of  the  organ  itself,  but  also  that  it  is 
capable  of  taking  place  quite  independently  of  all  vital  action.  From  a 
consideration  of  these  facts,  he  was  led  to  inquire  whether  there  might 
not  be  some  substance  formed  by  and  pre-existent  in  the  hepatic  tissue, 
from  the  metamorphosis  of  which  the  sugar  proceeded ;  and  he,  coinci- 
dently  with  Hensen*  and  Pavy,f  was  soon  successftd  in  obtaining  a  pecu- 
liar substance  possessing  properties  intermediate  between  those  of  starch 
and  dextrine,  and  capable,  imder  the  action  of  ferments,  of  being  readily 
converted  into  sugar,  and  of  ultimately  undergoing  alcoholic  or  lactic  acid 
fermentation.  This  substance  was  termed  Glycogene  by  Bernard ;  He- 
patine,  or  Amyloid  substance,  by  Pavy ;  and  Zo-amyline  by  Rouget.  It 
was  obtained  by  Bernard  by  immersing  the  liver  of  a  recently-killed 
animal  in  hot  water  to  coagulate  the  albumen,  then  bruising  it  in  a  mortar, 
and  filtering  the  liquid  through  animal  charcoal.  On  the  addition  of 
alcohol  or  of  glacial  acetic  acid,  the  new  substance  was  precipitated  as  a 
white  and  tasteless  amorphous  material,  soluble  in  water,  but  incapable  of 
effecting  the  reduction  of  the  salts  of  copper.  Iodine  coloured  it  of  a 
reddish  violet  tint,  which  disappeared  on  heating  it  to  176®  F.,  but  re- 
appeared on  cooling.  According  to  Pelouze,  its  chemical  formula  was 
Cj,  Hjj  Ojj.  In  all  essential  respects,  then.  Glycogen  resembles  starch — 
so  closely  indeed,  that  Nageli  considered  them  to  be  identical ;  and  since 
the  granules  of  this  substance  were  observed  within  the  hepatic  cells 
imder  the  microscope,  by  Bernard,  SchifE,  and  others,  whilst  the  quantity 
of  this  new  material  was  found  to  vary  with  the  amount  and  kind  of  food, 
as  had  formerly  been  shown  to  be  the  case  with  the  sugar,  it  was  very 
generally  supposed  that  a  double  origin  might  be  admitted  for  the  amy- 
loid material.  On  the  one  hand,  it  might  proceed  from  the  disintegration 
of  the  albuminous  constituents  of  the  food,  as  formerly  suggested  by 
Lehmann  for  the  sugar;  and  on  the  other,  it  might  be  due  to  the  accumu- 
lation and  metamorphosis  in  the  hepatic  tissue  of  the  amylaceous  and 
saccharine  materials  absorbed  in  digestion.    The  great  influence  exercised 

♦  "  ArehiT  f.  Path.  Anat.,"  band  xi.  p.  895. 

t  "Goy*8  Hospital  Eeporte,"  1868,  p.  291;  1869,  p.  204;  1861,  p.  197.  "PhiL 
Trant.,"  1860. 
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by  the  nature  of  the  food  on  its  amotmt  was  clearly  sLown  by  Dr.  Pavj,* 
who  found,  on  analysing  the  livers  of  dogs  fed  on  exclusively  anima]  diet, 
about  7  per  cent  of  amyloid  mibstance ;  whilst  on  tliose  fed  on  meat  and 
sngar  it  amounted  to  14*5  per  cent;  and  in  those  fed  on  Testable  diet 
alone  to  17  per  cent.  Bernard  and  Schmidt,  however,')'  ibund  tliat  tlie 
quantity  of  glycogen  and  sugar  obtained  Irom  the  liver  was  greatest  when 
the  food  was  highly  album inous,  and  fell  to  a  niiDimum  when  the  aniixiaL 
was  fed  on  atarch  or  fat.  And  the  experiments  of  Stokvia  on  the  effecte 
of  oleaginous  food  are  in  accordance  with  these  statements. | 

380.  The  presence  of  an  amyloid  mat^srial  having  been  thiis  shown  to 
be  constant  in  the  liver,  and  to  precede  the  formation  of  sugar,  it  waa 
supposed  that  some  termcnt  was  requisite  by  which,  either  in  the  hepatic 
cells  themselves,  or  aJter  the  absorption  of  the  starch  into  the  blood,  its 
conversion  into  sugar  could  be  rapidly  effected.  Many  efforts  were  mode 
to  ascertain  the  source  of  this  ferment ;  and  the  spleen,  thymus,  thyroid, 
suprarenal,  salivary,  and  pancreatic  glands,  were  soccessively  extirjiated 
by  Schiff',|  without,  however,  his  being  able  to  determine  whether  aiiy  of 
them  were  inslrtimeDtal  in  its  formation.  Hensea  maintained  that  the 
fennent  waa  thrown  down  with  the  amyloid  substance  on  the  addidon  of 
alcohol  to  the  cold  aqueous  iniuaion  of  the  liver ;  ttiat,  as  Bernard  had 
observed,  it  was  rendered  inoperative  by  boUing;  find  finally,  tJiat  it  w^ 
contained  in  ordinary  arteriid  blood  and  in  the  blood  of  the  vena  portasi 
the  addition  of  such  blood  to  a  scdution  of  glycogen  effecting  its  conversion 
into  sugar.  The  necessity  for  the  existence  of  this  ferment  lias  been  ren- 
dered veiy  doubtfiil  by  the  investigations  of  Dr.  Pavy,  wMch,  if  they 
receive  coniirnjation  from  subsequent  observers^  establieh  the  ibUowing 
important  points  :|| — 1.  That  the  liver  nonnally  and  during  life,  whatever 
may  have  been  the  nature  of  the  food,  contains  little  or  no  sug^,  but  a 


I 


*  "  Phil.  14UI1S.,"  1360,  p.  604.  t  "Comptea  B^nduu,"  1859,  p.  es. 

^  In  AdditioQ  Ui  tbe  two  bjpoilies^a  ^bovo  stated  as  U>  the  origiD  ot  Qljcogca,  a  Uilrd 
has  njcoQtly  beeo  put  furwj*rd  by  t.  Deea  ('^Donders'  Archiv,"  1860,  iii.  p.  49)^  Pog- 
giale,  and  otbefti,  th&t  it  la  thu  tmuM  o(  the  fu^tiimot-phusi^  of  the  tatty  snhsUooeyJ 
euDsutned  as  food  or  gooerated  m  tkQ  Livor  itaelf.  Riithe  and  Heytidu»  ( "  f^tudien  det 
Fbyslolo^.  Institut  en  Ameterdam^M  especially  adopt  the  latter  TioWi  maint/immg  ihut 
the  Qlyctogen  proceeds  fmni  tbe  decompcdtion  of  the  conjugated  biliary  n^kla  rts-abaorhed 
Id  thfl  inteutitie  ;  fur  in  dogs  ^'ith  hilijiry  lifftulffi,  Kiithe  foimd  that  the  Ih'er  eontainedi 
Olyecgen  and  a  very  small  pro^iortioa  (Q'2  pes'  oeat)  of  BUgiu*,  whether  thej  hid  i 
had  not  beeu  preYioualy  fed  with  meat;  wbHst  if  healthy  dDp;a,  afler  ed  any  days  uf 
fasting,  and  Id  whicli  tLiere  should  normally  hiive  heeii  but  a  small  proportioa  of  Glj* 
cogen  present,  were  fed  with  1  oa*  of  Taurine^  and  were  killed  after  two  or  three  hours, 
an  ahmndant  nupply  of  illyoegei)  e^uld  be  nbtaiued  from  the  liver.  And  again,  th«r>- 
retically,  Urea  and  Glyodgea  may  fexy  easily  be  derived  from  the  di^compuciitioti  «>f 
Gijfmn^,  thai  :— 

2  Bq,  af  Urea     2  (C,  H,  N,  0,)  =  C^  H,  N^  0^ 
1  Eq.  ufGlyisofien  (C,,  H^,  0„)^C„  H„  0„ 

4  Eq.  of  Glycine  4  (C^  H^  N  0^)  =  C^Th^'nTo" 

And  it  hae  already  been  shown  that  the  quantity  of  tJrna  riaed  In.  diabetes,  whllsl  the 
iaereased  eizo  of  tlje  Hvejr  in  thla  disease  is  indicatlTe  of  increaflfid  functioual  a<;liTfity, 
Thia  mode  of  aecoanbing  fur  the  origin  of  the  amyloid  sntwtanee  is  not,  buwerer,  a  veij 
Batie&ctui7  ur  pmbable  one^  aither  on  chemical  or  on  phyelological  grouDds. 

§  **  UnterB,  lib.  die  Zaclterbildung  der  Leber,"  Wunbiirg,  1859. 

If  See  hii  work  on  Diabeies,  1862.  li  h  right  io  add  that  the  correctneea  of  aome  of 
hlf  experiment  and  conelueions  has  b^en  railed  in  question  by  Dr.  Harlej^  o|Kifatiag 
in  conjuDCtloa  with  Dr.  Sharpey:  see  *^Med.  Times  and  Uai.,**  lSt50,  vol.  i,  p.  153« 
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considerable  proportion  of  amyloid  substance;  since  if  it  be  removed  firom 
the  body  instantly  after  death,  and  subjected  to  the  action  of  caustic  pot- 
ash, or  of  extreme  cold,  no  saccharine  reaction  can  be  obtained,  though 
the  presence  of  the  amyloid  substance  can  easily  be  shown.  2.  That, 
during  life,  there  is  under  ordinary  circumstances  very  little  difference  in 
the  amoimt  of  sugar  contained  in  different  specimens  of  blood,  whether 
withdrawn  from  the  systemic  arteries  or  veins,  tlie  portal  vein,  or  (by 
means  of  a  catheter  introduced  through  the  jugular  vein)*  from  the  right 
auricle ;  the  latter,  of  course,  containing  a  large  proportion  of  hepatic 
venous  blood :  the  quantity  of  sugar  present  in  all  instances  being  extremely 
small,  and  varying  from  47  to  73-lOOOths  of  a  grain  per  cent.  3.  That 
during  life,  therefore,  very  little  amyloid  substance  is  taken  up  by  the 
blood  in  its  passage  through  the  liver,  as  indeed  might  be  anticipated 
from  its  low  power  of  dialysing  through  animal  membranes.  On  the  con- 
trary, after  death,  and  frequently  from  various  disturbing  causes  during 
life,  a  conversion  of  the  amyloid  substance  into  sugar  takes  place  in  the 
substance  of  the  liver  itself,  and  the  sugar  so  formed  then  quickly  appears 
in  the  blood,  often  to  so  great  an  extent  as  to  occasion  diabetes. 

381.  At  an  early  period  of  the  history  of  the  glycogenic  function  of  the 
Liver,  it  was  found  that  the  formation  of  glycogen  could  be  influenced 
through  the  nervous  system.  Bernard,  for  instance,  observed  that  when 
the  floor  of  the  foiuiJi  ventricle  was  pricked  with  a  needle,  so  great  an 
increase  was  effected  in  the  quantity  of  sugar  generated,  that  that  sub- 
stance was  discharged  by  the  urine,  a  temporary  condition  of  diabetes 
being  established  ;  whilst  on  the  contrary,  section  of  the  spinal  cord  just 
below  the  origin  of  the  phrenic  nerves,  and  section  of  the  vagi  in  the  neck, 
appeared  to  check  its  production.  These  singular  facts  have  received  some 
elucidation  from  the  experiments  of  Schiff,"!"  who  has  shown  that  the 
vaso-motor  nerves  of  the  abdominal  organs  arise  from  the  Thalami  optici 
and  in  the  cerebral  peduncles,  from  whence  they  descend,  lying  side  by 
side  in  the  Medulla  oblongata,  and  subsequently  pass  down  the  ante- 
rior columns  of  the  cord,  emerging  at  the  roots  of  the  Sympathetic,  to 
supply  the  vessels.  When  the  floor  of  the  fourth  ventricle  is  pricked,  these 
nerves  are  irritated,  which  causes  enlargement  of  the  vessels  of  the  liver 
and  hjrpersecretion  of  glycogen ;  whilst  on  the  other  hand,  if  the  anterior 
columns  of  the  cord  be  cut,  tlie  irritation  produced  by  the  puncture  is  not 
conveyed  downwards,  and  no  diabetes  results.  Hensen  and  Grafe  have 
also  noticed  that  section  of  tlie  splanchnic  nerves,  or  irritation  applied  to 
the  cut  sur&ce  of  the  central  extremity  of  a  pneumogastric  nerve,  occa- 
sions an  increased  production  of  sugar,  in  both  cases  probably  as  a  conse- 
quence of  the  dilatation  of  the  abdominal  blood-vessels.  SimUar  results 
have  been  obtained  by  Pavy  after  division  of  the  sympathetic  cord  in  the 
neck,  and  after  division  of  the  sympathetic  plexus  accompanying  the 
vertebral  arteries.J 

382.  The  influence  of  medicinal  agents  upon  tlie  glycogenic  function 
of  the  Liver  lias  received  but  little  attention,  tliough  various  substances 
are  known  to  be  capable  of  inducing  diabetes.  Coz^§  found  the  pro- 
portion of  sugar  nearly  doubled  both  in  the  liver  and  in  arterial  blood 

*  See  on  this  point  also  MacDonnell,  "  Proceedings  of  the  Rojal  Irish  Society,'*  1860. 

f  "Archives  G6n.  de  M^decine,"  1861,  vol.  i.  p.  113 

;:  See  "  Guy's  Uusp.  Rep.,"  1859,  p.  2U4.  §  "  Comptes  Bendus,'*  1857. 


31)2  OF   SECHETIOM  AJTD   EXCRETWIf. 

aHer  tlie  admimstration  of  morpliia,  Pavy  •  observed  well -marked  dmb«t€S 
in  animala  after  the  administmtion  of  1  to  2  ox,  of  phosphoria  acid,  axid 
alio  after  poisonoiia  doses  of  strjchnia,  when  tlie  circulation  wa^  tn^iiii- 
tained  by  artilici<il  respiration*  Harley  obtained  the  sfime  result  in  hito- 
aelf  after  e4iting  freely  of  a^^paragus*  He  noticed  it  also  in  animals  Ail«£r 
the  injection  of  ether,  chloroform,  Uqiior  amnionise,  and  methylated  spirit, 
iwto  the  portal  %^em*t  ReyoosoJ  induced  dial^etes  by  cauaijig  animals  m 
respire  the  vapour  of  benzine  and  acetone^  and  found  that  it  ioUowed 
asphyxia,  alowly  produced  by  the  inhalation  of  carbonicj  bydroBUJ|>huric, 
and  hydrocyanic  acid  g^Be&  Whilnt  it  i^  getiarally  admitted  that  the 
phenomena  of  diabetes  in  most  of  these  cauea  are  due  to  disturbance  of 
the  glycogenic  function  of  the  liver,  tlie  apfjearanca  of  the  eugar  has  l^een 
attributed  bj  aome  to  paridyais  of  tlie  Sympatlietic,  occaeiouing  a  freer 
circulation  riirough  the  liver,  wliich  m  again  accompanied  by  an  aug- 
mented production  and  absorption  of  Uie  amyloid  substance,  and  a  cott- 
sequeut  increase  in  the  proportion  of  sugar  in  the  blood,  m  that  at  lengUi  \ 
it  appears  in  the  urine ;  whilst  others,  as  Eeynoso,  maintain  the  fia<!cha- 
rine  impregnation  of  the  urine  to  be  ref^rribie  to  tJie  grave  disturbance 
of  the  respiratory  ftmction  constantly  pr^ent,  which,  by  diminiahing  the 
proportion  of  oxygen  absorbed,  checks  Uie  combinrtive  operation  by  wbich 
the  sugar  derived  from  the  amyloid  substance  is  ehminated  from  iJie 
system.  The  admiaietratiofi  of  large  doses  of  caustic  potash,  or  of  ctirbo- 
nate  of  soda,  is  stated  by  Dr.  I'avy  to  prevent  the  occurrence  of  dinbeteaJ 
under  circumstances  in  which  it  would  otherwise  have  been  induced. 

383.  Taking  aU  these  considerations  into  account^  we  seem  entitled  to 
conclude,  tlmt  besides  its  operation  as  an  Assimilating  orgtm,  whereby  it 
helps  to  prepai'e  histogenctic  materials  lor  conversion  into  blood  and  solid 
tissue,  the  Liver  is  capable  both  of  produdui^  and  of  Hoi^ing-up  amylaceous 
mitterial  in  its  cells,  exerting  its  Secretive  action  in  the  former  case  in 
separating  tho  hydrot^arbonaceoua  portion  of  the  prot^n-oomixumds 
which  are  destined  to  undergo  retrograde  metamorphosis,  as  being  eitlier 
Huperfiumis  or  tjftte;  and  this  imder  the  three  forms  of  Amyloid  sub- 
stance^  Fat,  and  Bile*  The  two  fornier,  if  not  at  once  renjoved  by  the 
blood- current,  remain  stored-up  in  the  liver  itself,  as  a  pabulum  for  re- 
spiration; the  lattOT,  being  of  use  in  tlie  digestive  operation,  is  first  poured 
into  the  alimentofy  canal,  from  which,  however,  the  greater  part  is  sub- 
sequently reabsorbed,  its  components  being  oxidated  and  then  oliminated 
through  other  channels,  the  Hydrocjirbon  as  water  and  carbonic  acid  i 
through  the  Limgs,  the  Sulphur  i*s  sulphuric  acid  tlirougli  the  Kidneys, 
As  an  appendix  to  tJie  history  of  Glycogeny,  it  may  here  bo 
remarked  that  in  1659  Bernard  §  detected  tlie  presence  of  Amyloid  sub- 
stance  in  the  Placenta  and  in  various  embryonic  cellular  tissues;  and 
endeavoured  to  iihow  that  tJiese  periormed  the  functions  of  the  liver 
vicariously  d tiring  the  earlier  months  of  ftEtal  life.  Virchow  also,  in  a 
course  of  pathological  investigation  spread  over  many  years,  hi4s  shown 
that  die  productian  of  starch  in  the  animal  economy  is  not  limited  to  tho 

*  '*  Proceedings  of  tli«  Eoynl  Snciety,'*  No.  35* 

f  See  "Med^'Cbir.  R^vio<^  1857,  Oct.  18(5^,  and  '' Pr^^ceedurp  of  Rojfal  Societf/' 
1S60. 
I  **  Annal.  dea  Scl  Nat.**  iSfiS,  p.  131. 
i  Browfl-S6(iu*ra,  **Joamal  de  la  Ph>BbL,''  1869,  p.  30. 
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liver,  but  may  frequently  be  observed  in  the  nervous  system  and  spleen 
as  the  result  of  disease ;  whilst  Meckel  discovered  similar  degenerations 
in  the  kidneys,  muscles,  cartilages,  and  other  organs  of  the  body,  the 
amyloid  substance  making  its  appearance  partly  between  the  elements  of 
the  tissues  and  partly  within  them.  Upon  these  grounds  a  wide  and 
comprehensive  genersdization  has  been  made  by  Rouget,*  to  the  effect 
that,  seeing  imder  what  various  forms  the  amyloid  substances  present 
themselves  in  the  living  body, — as  the  true  starch  of  Carter,  the  corpora 
amylacea  of  Virchow,  and  the  glycogen  of  the  liver  and  embryonic 
membranes, — and  how  widely  they  are  distributed  through  the  intimate 
structure  of  different  tissues,  it  is  impossible  to  r^ard  their  development 
as  a  function  peculiar  to,  or  localized  in  the  liver,  or  any  special  organ ; 
nor  can  it  even  be  admitted  to  be  performed  exclusively  by  any  system 
of  tissues,  as  the  Epithelial.  On  the  contrary,  it  is  to  be  considered  as  a 
phase  of  life — a  property  belonging  to  cells  and  the  elements  of  tissues 
generally,  establishing  a  perfect  conformity  in  the  tissues  of  all  animals, 
and  representing  an  incipient  stage  of  disintegration  and  decay  of  cell- 
structure,  a  downward  tendency,  which  is  immediately  carried  further  by 
its  directf  or  indirect  oxidation  and  elimination  from  the  body  in  the 
form  of  carbonic  acid  and  water. 


3.  The  Kidneys. — Secretion  of  Urine. 

384.  The  Kidneys  cannot  be  regarded  as  inferior  in  importance  to  the 
Liver,  when  considered  merely  as  Excreting  organs ;  but  their  function 
only  consists  in  separating  from  the  blood  certain  effete  substances  which 
are  to  be  thrown-off  from  it,  and  has  no  direct  connection  with  any  of 
the  nutritive  operations  concerned  in  the  introduction  of  aliment  into  the 
system.     The  following  are  the  points  in  the  minute  structure  of  these 

Fio.  81. 


i    <£ 


Section  of  the  Coriieal  Sub$ianee  of  the  Human  Kidney .— ▲  a,  tabali  oriniferi  divided  trant- 
▼enely,  ■bowing  the  spheroidal  epitbeliam  in  their  interior;  b,  Malpighian  Capsule;  a,  its 
afferent  branch  of  the  renal  artery ;  6,  its  glomerulos  of  capillaries;  e  e,  secreting  plexus  formed 
by  its  efferent  vetisela ;  d  d,  fibrous  stroma. 

♦  «*  Journal  de  la  Physiol.,"  1869,  p.  88. 

t  The  direct  oxidation  of  grape-sugar  bas  been  effected  by  ▼.  Gorup-Besanez,  by  dia- 
solving  it  in  a  weak  alkaline  solution  and  passing  ozone  through  the  liquid,  when  car- 
bonic and  formic  acids  are  gradually  formed  without  the  appearance  of  any  intermediate 
compounds. 
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cagans,  which  ara  of  most  importance  in  their  Physiological  relations." 
Theii*  glandular  and  vasculai-  elements  are  imbedded  in  a  stroma  com- 
posad  of  interlaciiig  iihres  (Fig.  81^  d  d)^  thif^  ia  more  abundunt  in  tti@ 
raodullsry,  than  in  the  cortical  substance ;   bnt  at  the  siirlace  of  the  glasid 
it  18  condensed  into  a  continuous  menvbrano,  which  ia  loosely  coundcted  I 
with  the  proper  capsule.     The  diBtiaction  between  the  cortical  and  the 
mcduUartf  |>iirt  of  the  Kitlney  essentially  consists  in  this, — ^tliat  the  former 
is  by  far  tlie  moat  vaacukrj  and  t!ie  plexus  formed  by  the  tubuh  tiriniferi 
aeema  to  come  into  the  closest  rcliition  with  that  of  the  sanguiferoua 
capillaries,  so  that  it  is  probably  the  seat  of  the  greater  part  of  the  pro- 
cess of  secretion;  whilst  the  latter  is  principally  composed  of  tuljes,  jiassing 
in  a  straight  line  from  the  former  towards  their  [>oint  of  entnmee  into  the 
ureter.    The  tubuh  lU'iniferi,  in  |Mi3sing  outward^  from  the  Ca!ices,  divide 
luid  subdiyide  in  a  dichotomous  n^anner^  at  least  ten  or  twelve  times,  their  1 
number  becoming  thus  greatly  increased,  whilst  their  diameter  dimimshea  j 
trom  about  l-3QUth  to  about  1 -600th  of  an  inch.     Each  tu!H3  on  arriving  \ 
at  the  cortical  portion  becomes  nnich  convoluted,  and  teiminates  in 
dikfcition  which  baa  received  tlie  name  of  tlie  Malj)ighian  Corpuscle,    The 


FiQ.  S3.t 


U. 


•  Purtton  otihQ.  ^Unff  of  a  new-bora  infhnt:— Ai  nnturiil  nln^s  a^  n^  Corpora  Mft!pisr1jiftn;w 
||P(  di.jjK!Tiwd  points  In  ilic^  ciirtknl  eubitou^'e^  b,  papillu. — v,  ii  fiUHktlcr  x^arL  ninittilllcd;  u^  a, 
LVrrpura  Mitlpigbiai^/^,  tubull  urltilf^^ri. 

t  t'onku  of  Que  uf  tlw  inlitli  nriMiffri^  from  tbfi  Mcdalloir  iabirtanoe  of  &e  Iddnej  of  asi 
Eidult;  Bhuwinff  i|a  teaukted  epithulmm. 

total  number  of  the  tubes  is  estimated  by  Huschke  at  about  two  milliona 
(Fig.  8A).  They  are  lined  witJi  polygonal  epithelimn  (Figs,  83,  tiS),  the 
cells  of  which  contain  round  nuclei  and  a  finely-granular  albuminous  fluid, 

*  S6e  especltdlf  Mr*  Bowman^fl  Memoir  ia  the  "  Phllusophlcftl  Trans^tioda,"*  1842  ; 
also  GcKXJBif  m  *' Edlob.  Mcnthlj  Jouitial,^*  1842;  Gerlaeh,  Bidder,  and  KiillLker,  in 
''MilUec'a  Archiv/*  IU5  j  Toynbec  m  *'  Med.-Chir,  Trana.;'  1846 ;  Joliuson  in  "Cyclop* 
<)f  Anat.  &ad  Fhya*,"  iirt»*Eeii/;  GAirdnor  in  **  K(iiul>»  Mcinthly  Joirraal/*  1848; 
Frerielia,  *' Dits  BrighCficLa  Kiereokntnklieit  iind  ilerea  Behaudlting/^  1851  ;  and  Kol- 
Mketj  '^  MikroskopiaeliB  ADntitmle/'  and  **Marj,  of  Hniiip  Hlatol,"  (Sydenham  Soc.) ; 
"Mienoi.  Aimt.,**  1800  ;  Iiaatia,  "Trana,  N,  Y.  Acad,  of  Med./'  toL  L  iSfiT  ;  Ileale, 
"  lldtyngen  ALhandinnuen^"  1^62, 
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with,  in  many  instances,  small  dark  &t-drops  and  a  little  pigment.   They 
are  very  prone  to  alteration,  and  when  immersed  in  water  rapidly  become 


'2Mii 


A  flmaD  portion  of  the  Kidney^  msfniifled  aboat  00  times  i—Oy  supposed  cipcal  extremity  of  a  tubnlos 
nrinilcrui ;  6,  h^  recurrent  loops  of  tubuli ;  c,  c,  bifiircations  of  tubull ;  <l,  t.f^  tubuH  converging  towards 
the  papilU ;  g,  g,  a.  Corpora  Malpighiana,  seen  to  consist  of  convoluted  knots  of  blood-vessels,  oou* 
nocted  with  a  capillary  network ;  k,  arterial  trunk. 
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dist<?nded  and  pale.  The  eel  I -wiUl  is  remarkable  for  its  delicacy ;  and 
after  its  destruction  &ee  nuclei,  iuters|jeraed  among  amorphous  granule^ 
alone  remain  in  the  interior  of  the  tubnle^^     The  cells  lijiiug  the  torfcuoiui 

jjortion  of  the  tubuJea  are  aome- 
Fkj.  85.  what  larger  tlian  tlioae  in  the  in- 

terior of  the  straight.  On  examin- 
ing one  of  tlie  C<}r|)ora  Malpighiana 
with  a  high  magnifyiDg  power,  it 
l&  found  to  constEt  of  a  eon  vol  u  ted 
U1BS&  of  minute  blood -veasela  (Fig, 
84,  ^) ;  and  this  is  included  in  a 
Hask-liJce  dilatation  of  one  of  the 
tiibuli  uriniieri  (Figs.  8X,  a,  85, 
c,  c^).  According  to  Jilr.  Bowman, 
this  dilatation  proceeds  only  Jroiu 
the  termi nation  of  the  tubulua; 
iind  this  seems  to  be  usually  the 
case^  although  it  appears  not  im- 
probable til  at  it  may  sonietimea  be 
a  lateral  diverticulum^  as  described 
by  Gerlach  (loc.  cit,)*  ^^^  *?I:*^- 
thelium,  wliifh  elsewhere  lines  ib© 
tube,  is  altered  in  afipearance  where 
the  tube  is  continuous  witlt  ibis 
capsular  dilatatioii  (Fig.  85,  ^'); 
being  there  n>ore  transjTtwent,  and 
fUrniBhed  with  cilia  (as  sliown  at 
A"),  whicli,  in  the  Frog  and  other 
Keptilea,  may  be  seen  for  many 
hours  alter  death,  in  very  active 
motion,  directing  a  current  down 
the  tube.  Further  withm  the  capside,  this  epithelium  becomes  exceaaively 
delicate,  and  sometimes  disappears  altogether.* 

385,  The  absolute  quantity  of  blood  traversing  tlie  kidneys  is  wonder- 
fblly  great,  amounting^  according  to  the  calculations  of  M,  Brown -Sequard,f 
to  nearly  2000  lbs.  per  diem.     The  Circulation  of  Blood  through  the 

*  Another  uid  a  yerj  dilferetit  fuscouQt  of  tbe  Eitructure  of  the  Kidney  ban  recenllj 
beeD  gi?ea  hy  Heule  f'Guttiiig^D  AbhAndLung^n/"  1862*  p.  2i7).  He  describes  two 
^ateiiiB  of  tub«e  ;  od«  commeDcliig  by  a,  network  Id  the  cortical  snbstAnce^  wblcb  ijt  Itest 
marked  near  tbe  free  sorfat'e,  tbe  tubes  of  wbJch,  collecting  into  bundles,  rno  to^^rda 
tbe  pyrami[!d.|  aiid  uniting  two  and  two,  ultiiaately  open  ou  tbe  apes:  of  the  {inpiliiis, 
Tba  tnbefl  of  the  eecond  ^jfitem  alAO  commence  In  Ibe  cortex  of  tbe  kidney,  wher^  tbej 
form  blind  terminal  diLatatiang  enclosing  ibe  gb»ineriitL  They  intertwine  with  ibtt  ] 
ptexQB  formed  by  tbe  &rat  set,  tbea  run  panUJel  witb  tbe  bundles  of  tlie  Imtter  nntiL  tbey 
rettcb  the  njedullary  partiou^  m  wbicli  they  umte  two  by  two  into  loaja,  Tbi»  ait  hii« 
ao  opeaings  on  the  py  ram  ids  or  else  wb  ore ;  it  const!  tales,  tbi^rt^ure^  a  closed  ay  stem  i»f 
tabe«,  Tbe  epitLelium  of  tbe  trsi  set  ia  &Lwuys  clear  aod  dij^linet^  of  the  eidomnAr 
Toritty,  Lucreafiing  m  si^e  towardsi  tbeir  free  or  papillary  tcrmimition^  tbe  epttbeUum  of 
the  Hecood  mi  la  mucb  lesa  diatLnct,  &ud  mu^siM  of  eomewhat  l!aLi«iie<l  ceUs,  wbi<«lt 
often  reaemble  nacleL  Tbo  diameter  of  the  fint  set  vith  opea  muuih^  which  HeoJe 
lielieTes  to  he  destined  for  the  sepAration  of  the  urinary  B&lts,  ke.,  is  two  or  three  times 
greater  than  that  of  til e  aeoond  or  clwed  variety^  whose  function  is  the  elimiiir^tioti  of 
the  water,  though  it  Is  difficult  to  anderatand  bow  it  eecapea. 

t  '*  Journ.  de  la  PhyaioL,"  18^,  t.  L  p,  SOS, 


tJrifilferoQi  Tube,  Mal[)ighiAn  lull,  nnd  Cap- 
dale,  fn5tn  JTiJflry  qf  ^Fraff  z—u^  cuvilj  of  the  tube ; 
b^  cpithcUuru  ol  the  tube;  A',  cfliatv<]  ciilEhdl'mL 
of  th«  aeek  of  tho  capfale  t  lf'%  ^ctauhtd  e]ji- 
tbelinm^cale ;  c,  batemeot-membraiiL'  ul'  laUi,  k\ 
baMement-membrimt  Of  cii{wulo ;  f%  convulmcd 
capUlariw  of  tke  Malplgtikn  tojft. 
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Kidney  presents  a  very  remarkable  peculiarity.  The  supply  is  derived 
in  Man  (as  in  other  Mammalia)  direct  from  the  arterial  system ;  though 
in  Fishes  and  Reptiles  the  urinary  apparatus  is  connected,  as  well  as  the 
biliary,  with  the  portal  venous  system,  and  even  in  Birds  a  portion  of  its 
blood  is  derived  from  the  latter.  But  although  this  organ  is  supplied 
from  the  Renal  Artery,  yet  it  is  not  to  its  proper  secretory  apparatus  that 
the  blood  of  the  artery  is  distributed  in  the  first  instance ;  for,  on  entering 
the  kidney,  this  vessel  speedily  and  entirely  divides  itself  into  minute 
twigs,  which  are  the  afferent  vessels  of  the  Malpighian  tufts  (Figs.  81,  a, 
86,  af).  After  it  has  pierced  the  capsule,  each  twig  dilates;  and 
suddenly  divides  and  subdivides  into  several 
minute  branches,  terminating  in  convoluted  ca- 
pillaries, which  are  collected  in  the  form  of  a 
ball  (Figs.  81,  ft,  86,  TO  w);  from  the  interior 
of  the  ball,  the  solitary  efferent  vessel,  efj  arises, 
which  passes  out  of  the  capsule  by  the  side  of  the 
single  afferent  vessel.  This  ball  was  supposed  by 
Bowman  to  be  loose  and  bare  in  the  capside,  being 
attached  to  it  only  by  its  afferent  and  efferent  ves- 
sels ;  but  the  more  recent  examinations  of  Kolli- 
ker,*  and  of  Dr.  Isaacs,f  appear  to  prove  that 
it  is  covered  with  oval  nucleated  cells.  The 
efferent  vessels,  on  leaving  the  Malpighian  bodies, 
separately  enter  the  plexus  of  capillaries  (Figs. 
81,  c,  86,  p)  surrounding  the  tubuli  uriniieri 
(st),  and  supply  that  plexus  with  blood ;  from 
this  plexus  the  renal  vein  arises. — Thus  there 
is  a  striking  analogy  between  the  mode  in  which 
the  tubuli  uriniferi  are  supplied  with  blood,  for 
the  piurpose  of  elaborating  their  secretion,  and 
the  plan  on  which  the  hepatic  circulation  is 
carried-on.  For  as  the  secretion  of  the  Liver 
is  formed  from  blood  conveyed  to  it  by  one  large 
vessel,  the  portal  vein,  which  has  collected  it  from  the  venous  capillaries 
of  the  chylopoietic  viscera,  and  which  subdivides  again  to  distribute  it 
through  the  Hver,  so  the  secretion  of  the  Klidney  is  elaborated  from  blood 
which  has  already  passed  through  one  set  of  capillary  vessels,  those  of 
the  Malpighian  tufts ;  this  blood  is  collected  and  conveyed  to  the  proper 
secreting  surface,  however,  not  by  one  large  trunk  (which  would  have 
been  a  very  inconvenient  arrangement),  but  by  a  multitude  of  small  ones, 
the  efferent  vessels  of  the  Malpighian  bodies,  which  may  be  regarded  as 
collectively  representing  the  portal  vein,  since  they  convey  the  blood 
from  the  systemic  to  the  secreting  capillaries.  Hence  the  Kidney  may 
be  said  to  have  a  portal  system  within  itself. — This  ingenious  view  of 
Mr.  Bowman  finds  support  from  the  fact,  that  in  Reptiles  the  efferent 
vessels  of  the  Malpighian  bodies  (which  receive  their  blood,  as  elsewhere, 
from  the  renal  artery)  unite  with  the  renal  branches  of  the  Vena  Portse,  to 
form  the  secreting  plexus  around  the  tubuli  uriniferi.  Here,  therefore, 
the  blood  of  the  secreting  plexus  has  a  double  source,  the  vessels  which 

♦  "Man.  Mic.  Anat.,"  1860,  p.  408. 

t  "Trans,  of  N.  Y.  Acad.  Med.,"  vol.  L  1867. 


Distribution  of  the  Renal  Tet- 
sels;  from  Kidnejf  qf  Hone:— 
flk  branch  of  Benal  artery:  <tf, 
afferent  veBsel;  m,  m,  MalplKrhian 
tofts ;  tf,  9ft  efferent  ▼esaels ;  p, 
▼ascmar  pfexos  surrounding  the 
tubes ;  «<,  straight  tube ;  c^  con* 
▼oluted  tube. 
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BQpplj  it  receiving  their  bleed  in  part  from  tKe  aipilJmea  of  the  organ 
itself,  and  ifi  part  firom  those  of  Yiacera  exteriml  to  it;  just  a^  in  the 
Liver,  the  secretang  plexus  is  gapplied  m  part  hy  the  nutritive  capi 
of  the  organ  itself,  which  receive  their  blood  from  the  hepatic  artery, 
and  in  pirt  by  the  blood  conveyed  Ixom  the  cbylopoietic  riacem  through 
the  veua  porta?. 

386,  These  admirable  reaearches  of  Mr.  Bowman  on  the  stmcttire  of 
the  Malpighiau  bodies,  and  on  the  vascular  apparatus  of  the  Kickteji 
have  thrown  great  light  upon  the  mode  in  which  tlie  Urinary  seoretioii 
16  elaborated.  One  of  the  most  remarkable  circumstaaces  attendiog  this 
excretion^  in  the  Mammalia  particularly,  ia  the  large  but  variable  quantity 
of  watcfy  which  is  thus  eliminated,^ — the  araoiznt  of  which  baai^  no  con- 
stant proportion  to  that  of  the  eohd  matter  dissolved  in  it.  The  quantity 
of  water  which  ia  passed-off  by  the  Kidneys  depends  in  part  upon  that 
exhaled  by  the  Skin^  being  greatest  when  tlua  is  least,  and  vice  versd  : 
but  the  quantity  of  soUd  matter  to  be  conveyed-away  in  the  secretion 
has  little  to  do  with  this,  being  dependent  ttpon  the  amoxmt  of  wdfite  in  . 
the  system,  and  upon  tlie  quantity  of  stirplus  azotized  aliment  which  has  I 
to  be  discharged  through  this  chminel,^ — The  Kidney  contains  two  veij 
distinct  proviaionalbr  these  purposes.  The  celts  lining  the  tubidi  urinifefri 
are  probably  here,  as  elsewhere,  the  instrumenta  by  which  the  soiul  matter 
of  the  secretion  is  ehminated ;  whilst  it  can  scarcely  be  doubted,  that  the 
chief  office  of  the  Corpora  Malpiglmna  is  to  allow  the  transudation  of  the 
HUperiluoiia  fluid  through  the  thin- walled  capillarieet  of  which  they  me 
eom posed.  "  It  wouJd  indeed^"  IVIr,  Bowman  remarks,*  *^  be  difficult  to 
conceive  a  disposition  of  parts  more  calculated  to  favour  the  escape  of 
water  from  the  blood,  than  that  of  the  Malpighiau  body.  A  large  arteiy 
breaks-up  in  a  very  direct  manner  into  a  number  of  minute  branchy; 
each  of  which  suddenly  opens  into  an  fisBembljige  of  vessels  of  fer  greater 
aggregate  capacity  than  itself ^  and  from  which  there  is  but  one  narrow 
ejdt.  Hence  must  arise  a  very  abrupt  retardation  in  the  velocity  of  the 
current  of  blood/*  The  vessels  in  which  this  delay  occurs,  lie  in  a  caj^ssule, 
from  which  there  is  but  one  outlet,  the  orifice  of  the  tube,  **  This  orilice 
is  encircled  by  cilia,  in  active  motion,  directing  a  current  towards  the . 
tube.  These  exquisite  organs  must  not  only  serve  to  ciirry  forward  the  I 
fluid  which  is  akeady  in  the  cell,  and  in  which  the  vascular  tuft  is  Imthedj  ( 
but  must  tend  to  remove  pressiu'e  irom  the  free  surface  of  the  vesgek,  and 
so  to  encourage  the  escape  of  their  more  fluid  contents/^^ — Here  we  aee 
the  essential  difference  which  exists  between  the  vital  agency  concjeraed 
in  the  tme  Secreting  process,  and  tlio  physical  power  which  occasions 
fluid  exhalation  or  transudation*  This  difference  is  precisely  the  same  as 
that  which  e^ttsts  between  the  vital  act  of  selective  absorption,  and  the  I 
phifrnzal  operation  of  endosmose  or  imbibition.  By  Imbibition  and 
Transudation,  certiiin  fluids  may  pass  through  organic  membranes,  in  tho 
dead  as  well  as  in  the  living  body  ;  and  this  pissage  depends  merely  upon 
the  pliyaicfd  condition  of  the  part,  in  regard  to  the  amount  and  the  nature 
of  the  Huid  it  contains,  and  tlie  i>enneability  of  its  tissues.  If  the  views 
of  KilLLikcr  and  Isaacs  are  correct,  however,  the  Glomerulus  itself  pos- 
sesses, in  the  ceDs  which  cover  it,  a  gkndular  stnicture,  and  m  thereifore  i 


*  L@c.  olt,  p.  70* 
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adapted  for  the  separation  not  only  of  water,  but  also  of  the  proximate 
constituents  of  the  urine ;  in  corroboration  of  which,  it  may  be  stated  that 
large  numbers  of  the  Malpighian  tufts  are  distributed  through  the  kidneys 
of  both  Birds  and  Reptiles,  though  it  is  well  known  that  these  animals 
secrete  semi-solid  urine;  whilst  in  the  examination  of  the  kidneys  of  those 
who  have  used  strong  diuretics,  the  tufts  have  been  found  much  con- 
gested, and  the  vessels  in  some  instances  even  burst ;  lastly,  in  cases  of 
jaundice,  the  capsule  of  the  Malpighian  tuft  has  been  found  stained  with 
yellow  bile-pigment — all  circumstances  tending  to  show  that  they  dis- 
charge a  secretory  function.*  The  transudation  of  the  watery  portion  of 
the  blood  is  much  increased  by  any  impediment  to  its  flow  through  the 
vessels,  and  also  by  any  causes  that  produce  a  diminished  resistance  in 
their  walls. 

387.  The  Klidney  is  liable  to  undergo  alterations  of  its  normal  struc- 
ture, from  a  perversion  of  its  ordinary  formative  processes,  which  are  of 
a  nature  very  analogous  to  those  occurring  in  the  Liver,  though  with 
differences  arising  out  of  the  specialities  of  its  conformation.  Several 
difEerent  kinds,  as  well  as  degrees,  of  such  alteration,  have  been  described 
(as  it  now  appears)  under  the  general  term  *  Bright's  disease,'  which  has 
been  applied  almost  indiscriminately  to  almost  every  kind  of  chronic  disease 
of  the  structure  of  the  KJdney,  whether  produced  by  congestion,  inflanuna- 
tion,  or  fatty  degeneration,  that  is  attended  with  die  presence  of  albumen 
in  the  urine.  It  must  not  be  supposed,  however,  that  any  of  these  lesions 
are  invariably  coincident  with  the  presence  of  Albumen  in  the  Urine :  for 
it  has  been  fUlly  proved,  on  the  one  hand,  that  albumen  may  present  itself 
in  this  excretion,  without  any  alteration  in  the  structure  of  the  kidney ; 
whilst  it  has  also  been  shown,  that  various  forms  of  Bright*s  disease  may 
exist,  even  in  an  advanced  stage,  without  any  albumen  being  detectible 
in  the  urine.f  These  variations  may  probably  be  attributed  to  two 
classes  of  conditions ;  viz.,  the  state  of  the  albumen  in  the  blood  itself, 
and  the  state  of  the  capillary  circulation  in  the  kidney.  We  have  seen 
that  the  weak  form  of  albumen  which  is  first  taken-up  by  absorption 
from  the  alimentary  canal,  is  distinguished  by  its  proneness  to  transuda- 
tion (§  112)  ;  whilst,  on  the  other  hand,  the  strong  albumen  of  the  eggj 
if  injected  into  the  systemic  blood-current,  or  even  if  introduced  in  large 
quantities  into  the  stomach,^  finds  its  way  out  again  by  the  urine,  as  a 
foreign  substance  (§  92)  ;  an  assimilating  action  being  required,  in  the 
case  of  each,  to  give  it  tiie  normal  characters  of  blood-albumen.  It  is 
probably,  in  part  at  least,  to  the  want  of  such  perfect  assimilation  of  the 
newly-absorbed  albumen,  that  we  are  to  attribute  the  increase  of  albu- 
men in  the  urine  passed  soon  afler  meals,  by  patients  suffering  under 
Bright's  disease ;  something,  however,  may  be  due  to  the  simple  aug- 
mentation of  the  bulk  of  the  blood,  and  especially  of  its  solids.  But, 
again,  any  cause  which  produces  congestion  of  the  vessels  of  the  kidney, 

•  See  Isaacs,  Op.  cit. 

+  See  Dr.  B^bie  in  the  "Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  xii.  p.  46. 

tSee  Hammond  (**  Experimental  Researches,"  Philad.  1857,  p.  31),  who  fonnd 
on  restricting  himself  to  a  purely  albuminous  diet,  that  his  urine  first  contained  a 
great  excess  of  urea,  and  on  the  8th  day  albumen  made  its  appearance.  Bernard  also 
observed  its  presenoe  in  his  urine  after  eating  six  eggs  fasting  (**  Lemons,"  1859,  vol.  ii. 
p.  138). 
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favours  the  passage  of  the  normal  albumea  of  the  blood  into  the  imne;* 
and  thus  we  see  bow  ulbuininous  urine  mhy  be  produced  by  the  repulsioa 
of  blood  from  the  cutaneoufi  surface  to  the  kidney,  or  by  the  detemiining 
influence  of  eantharidea  or  other  irritant  diuretics,  or  by  any  obstnictiou 
to  the  return  of  blood  from  the  capillary  plexua  by  the  renal  veinsLf 

368.  The  nature  and  purposes  of  the  Urinary  secretion^  and  the  altem- 
tions  which  it  ia  liable  to  undergo  in  various  conditions  of  the  systein. 
are  much  better  under sftood  than  are  those  of  the  Bile  :  this  is  owing,  in 
great  part,  to  the  two  circiirastancesj  that  it  may  be  readily  collected  in  a 
state  of  purity,  and  that  its  ingredients  are  of  such  a  nature  as  to  be 
easily  and  definitely  separated  from  each  other  by  simple  chemical  meias.  J 
There  can  be  no  doubt  that  the  chiei'  purpose  of  this  excretion,  h  to 
remove  from  the  system  the  effete  azotunl  matters,  which  the  blood 
tflkee-up  in  the  course  of  its  circulation,  or  which  may  have  been  pnj- 
duoed  by  changes  occurring  in  itself.  This  is  evident  from  the  large 
proportion  of  Nitrogen  in  the  solid  matter  dissolved  in  tlie  urine ;  and 
from  the  crystalline  form  presented  by  much  of  this  solid  niatter  when 
separated,' — a  form  which  indicates  tliat  its  state  of  combination  is  such,  | 
as  to  prevent  it  from  conducing  to  the  nutrition  of  the  e^atem.  The 
injurious  effects  of  the  retention  of  the  components  of  the  Urinary 
secretion  in  the  Blood,  are  ftdly  demonatrated  by  the  results  of  its  ces- 
sation ;  whether  this  he  made  to  take  place  experimentally  (as  by  tying 
the  renal  arteiy),  or  be  the  consequence  of  a  disordered  condition  of  the 
kidney.  Tlie  symptoms  of  Urcpmia  {as  this  condition  has  l>een  appro- 
priately termed)  are  altogether  such  aa  indicate  the  a^jtion  of  a  specific 
poiflon  upon  tlie  Nervous  system ;  affecting  either  the  Brain  or  the 
Spinal  Cord  ieparately,  or  both  togetlier.  In  the  first  form,  a  state  of 
stupor  comes  on  ratlier  suddenly,  out  of  which  the  patient  is  with  dif- 
ficulty aroused ;  and  this  gradually  deepens  into  complete  coma,  with 
fixed  pupils  and  stertorous  brea tiling,  just  as  in  ordinary  kinds  of 
narcotic  poisoning*  In  the  second  ibrm,  convulsions  of  an  epileptic 
character,  frequently  affecting  the  whole  muscular  system,  suddenly 
occur ;  but  there  is  no  loss  of  consciousnoM,  In  the  diird  form,  coma 
and  cou^nilsions  are  combmed. — It  has  l>een  generally  supposed  that 
these  results  are  attributable  to  the  accumulation  of  urta  in  the  blood ; 
but  clinical  observation  affords  sufficient  evidence,  that  there  is  no  con- 
stant relation  between  the  severity  of  tlieae  symptoms  and  the  amount  of  1 
nrea  in  the  circulating  ^^stem;|  and  experiment  hs&  determined  that  the 

*  SeeHobiDfioD  in  "Med.*Chir,  TraDSttcli**  toI.  xxvi,  p*  51, 

f  Manendi e,  iode^d,  found  that  tlie  more  idj^ctJou  of  about  a  pint  of  water  into  ih$ 
TeiDB  of  a  i^rge  dog  was  snlitiGient  to  eauae  the  urine  quickly  to  become  albDmtnouB,  tbe 
eff^g^st  reraainmg  for  10  of  12  honri  (Bemwd,  "  Le^ona,"  1350,  vol.  ii.  p,  139)>  Over- 
bock  {'' Sitmn^berichi  d.  k.  Akad.  d.  Wias.  sn  Wku,"  lS6;i,  p.  139)  hai  also  made  the 
ctirious  obs^rratlon,  tbat  ctrniprtmrni  of  the  reual  arteKca^  vhUat  It  rapidly  diminiab^ 
the  qnastitj  of  urine  and  of  urea  Eecrebed^  also  oocaaionB  the  dificbarge  of  albumen  in 
the  ttrise  ;  though  if  at  tb(^  same  time  a  ligatnre  be  applied  to  the  ureters,  th«  appear- 
anoe  <>f  albumen  is  completely  prereuM.  Albany inons  urine  has  beeo  obserred  ia  eertaJn 
forma  of  heart-diRea^  (Rayer),  and  after  eortaia  lefliona  of  the  nenroua  fifstem,  as  intn^ 
firania)  section  of  the  fifth  pair  of  nerrea  (Longet,  **  Pbjaiologie,**  p.  ©fiS),  and  afl«r 
Hctloti  of  the  cerebral  peduoelea  (Schifif). 

:^  Iti  hati  Neti  rtuiarked  bj  Bright,  Chriitison,  Q,  0.  ILees,  and  Frerichs,  that  uren  maj 
often  1)e  obtained  In  oooBiderahle  qoantitj  fram  the  blood  of  patienta  au  Her  log  uodi^r 
*  Bright 'a  diaease,*  who  were  at  the  eame  time  free  from  all  Derrooa  £jmpboiiis. 
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Other  constituents  of  the  urine  do  not  exert  any  more  potent  influence.* 
It  seems  probable,  then,  that  some  substance  formed  at  the  expense  of 
the  normal  constituents  of  urine,  rather  than  either  of  these  substances 
themselves,  is  the  real  poisonous  agent  in  cases  of  Ursmia ;  and  very 
cogent  evidence  has  been  adduced  by  Prof.  Frerichs,  in  proof  of  his  idea 
that  the  symptoms  of  this  disorder  arise  from  the  conversion  of  the 
Urea  in  the  circulating  current  into  Carbonate  of  Ammonia,  by  the 
agency  of  a  suitable  ferment ;  so  that,  however  great  may  be  the  accu- 
mulation, it  does  not  give  rise  to  any  serious  consequences  unless  this 
ferment  be  also  present.  Two  series  of  experiments  are  described  by 
him  as  supporting  this  doctrine;  the  first  showing  that  in  cases  of  ursemic 
intoxication,  a  resolution  of  urea  into  carbonate  of  ammonia  is  actually 
taking  place,  ammonia  being  found  in  the  expired  air  when  the  first 
symptoms  make  their  appearance,  and  in  the  blood  and  in  the  contents 
of  the  stomach  after  death  ;'|'  and  the  second  proving  that  the  injection 
of  carbonate  of  ammonia  into  the  circulating  current  induces  a  train  of 
symptoms  essentially  corresponding  with  those  of  ursemia,  stupor  and 
convulsions  occurring  either  separately  or  conjointly. { — It  seems  not 
improbable  that,  as  in  the  case  of  the  retention  of  Bile  in  the  Blood 
(§  376),  many  of  the  minor  as  well  as  of  the  severer  forms  of  sympa- 
thetic disturbance,  connected  with  disordered  secretion  from  the  kidney, 
are  due  to  this  directly-poisonous  operation  of  the  decomposing  consti- 
tuents of  the  ludne  upon  the  several  organs  whose  function  is  disturbed ; 
and  that  many  complaints  in  which  no  such   agency  has  been  until 

*  Thus  Frerichs  (as  Bichat^  Courten,  and  Gaspard  had  before  done)  repeatedly  injected 
from  20  to  40  grammes  of  filtered  human  nrine,  sometimes  even  with  the  addition  of  area, 
into  the  veins  of  animals,  without  any  ill  eflfects  resulting. 

f  It  is  the  condusion  of  MM.  Bernard  and  Barreswil, — from  the  experiments  which 
they  have  performed  to  determine,  why,  after  the  extirpation  of  the  kidneys,  a  period  of 
from  twenty-four  to  forty -eight  hours  always  elapses,  befora  the  blood  shows  any  decided 
increase  in  the  quantity  of  Urea, — ^that,  under  such  circumstances,  the  urea  is  eliminated 
by  the  secretions  of  the  intestinal  tube,  and  chiefly  by  the  gastric  juice,  in  the  form  of 
an  ammoniacal  salt ;  and  that  no  urea  can  be  detected  in  the  blood,  unUl,  by  a  progres- 
nve  diminution  of  the  vital  powers,  the  intestinal  fluids  become  more  and  more  £mi- 
nished  in  quantity,  and  the  metastatic  channels  for  the  elimination  of  urea  are  dosed. 
Betention  of  urea  in  the  blood,  as  they  argue,  is  thus  a  result,  not  directly  of  the  sup- 
pression of  urine,  but  rather  of  the  loss  of  vigour  which  follows  it.  (*'  Archiv.  G6ndr. 
de  M6decine^"  4me  S6r.,  torn.  xiii.  p.  449).  See  also  Bernard,  **  Lemons,"  1859,  vol.  ii. 
chap.  ii. 

t  On  this  subject,  see  the  Chapter  on  '  Unemia*  in  the  Treatise  of  Frerichs  just  cited. 
His  conclusions,  however,  though  quite  in  harmony  with  the  observations  of  Lehmann, 
have  been  disputed  by  other  pathologists.  Thus  it  has  been  affirmed  ("  Brit,  and  For. 
Med.-Chir.  Rev.,"  vol.  xiL  p.  268)  that  the  cause  of  the  symptoms  of  ursemic  poisoning, 
in  oases  of  advanced  *  Bright*B  disease,*  **must  be  looked- for  in  an  impediment  of  the 
metamorphosis  of  the  tissues,  in  a  destruction  of  the  process  of  endosmose  and  exosmose 
between  blood  and  tissues,  and  perhaps  in  a  generally-diminished  oxidation-power  in  the 
blood;**  which  is  certainly  in  accordance  with  the  fact  now  generally  admitted,  that  whilst 
there  is  usually  a  ereat  diminution  in  the  elimination  of  urea,  there  is  also  a  defident 
formation  of  it  within  the  system.  Thus  the  analyses  of  Bosenstein  give  a  mean  amount 
of  only  112  grains  of  urea  excreted  in  24  hours  in  this  disease,  and  the  uric  acid  appears 
to  undergo  an  equal,  if  not  a  greater,  diminution  (see  Parkes  '*  On  the  Urine,**  p.  385, 
1860). — It  is  difficult,  however,  to  believe  that  the  narcotic  symptoms  following  upon 
fudden  and  complete  suppression  of  the  urinary  excretion,  with  accumulation  of  urea  in 
the  blood  (as  shown  by  analysis),  and  abating  with  the  elimination  of  the  urea  by  the 
re-establishment  of  the  secretion  (as  happened  in  the  interesting  case  recorded  by  Dr. 
Shearman  in  the  "  Edinb.  Monthly  Journal,"  March,  1848),  can  be  due  to  anything  else 
than  the  direct  toxic  influence  of  the  urea,  or  of  some  product  of  its  metamorphosis. 
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rftceotly  snspect-ed, — eapecially  Convulsive  affcctiongj  arising  from  a  cIIb* 
ordered  action  of  the  nervous  centres, — are  thuja  due  to  the  inffufiicieiit 
elimination  of  Urea  (rom  the  Blood, 

389,  In  order  to  fomi  a  correct  opinion  of  the  state  of  the  UruiaiT 
se<!retion  in  morbid  condittona  of  the  ajstenij  it  is  desirable  to  bo  ac- 
quiiinted  with  every  leading  jmrticular  regarding  ita  normaJ  eJiajacter* — 
Fresli  heiihliy  Urine  is  a  perfectly-transparent,  anaber-yellow -coloured 
liquid,  exhaling  a  peculiar   but  not  disagreeable  odour,   and  having  a 
bitterish  saline  taste.     The  oidy  morphological  elements  which  it  nor- 
mally contains,  are  pavement  epithelium-cella  and  mucus- corpuscles  from 
the   hning   of  the    urinary  passages ;    which^    however,  are  present  in 
healthy  urine  to  only  a  very  snmU  amoimt.      But  in  certain  morbid 
atates  of  tlie  urine,  minute  cylindrical  bodies  are  seen,  in  greater  or  less 
abundaiice,  which  are  obviously  d^ved  from  the  tubuli  uriniferi  ;   the.se 
are  sometimes  composed  almost  exclosivelj  of  the  epithelial  litjing  of 
the  tubes,  of  which  tlie  cells  remain  adherent  to  each  other,  notwith- 
atandmg  their  detachment  Irom  the  basement- membrane  beneath  ;  wliilst 
fionietimes  t!iey  are  fibrinous  moulds  of  the  interior  of  the  tubes,  formed 
by  exudation  of  pUistic  material,  and  containing  blood-  or  pus-corpusclea ; 
and  in  otlter  instances,  again,  they  seem  to  consist  of  nothing  else  iban 
the  basement- membrane  of  tlie  tubes  themselves.     The  first  of  the^ 
forms  occurs  chieHy  in  desquamative  irritation  of  the  kidneys  \  the  second 
as  a  consequence  of  acute  indammation,  and  the  last  iu  the  advanced 
stages  of  '  Bright^s  disease/ — In  all  natural  conditions  of  the  Human 
system  (even  when  a  veget^ible  diet  is  used),  the  urine  possesses  a  well- 
marked  acid  reiiction.     Wlien  it  is  left  to  itself  for  some  time»    ^^Rht 
nebulae,  consisting  of  mucus,  are  formed  in  it;    and   these  gradually 
descend  to  the  bottom,     8oon  afterwards  an  unpleasant  odour  is  deve- 
loped ;  instead  of  an  acid,  an  alkaline  reaction  is  presented^  in  consequence 
of  the  decompoiition  of  the  urea  into  carbonate  of  ammonia;  and  a  preci- 
pitation of  earthy  phosphates  then  takes  place.     A  turbidity  may  b©  piro- 
dueed,  however,  by  the  preci  pi  tuition  of  urates  of  soda  and  ammonia^  on 
the  siniple  cooling  of  the  urine,  witliout  any  such  departure  from  its 
normal  composition  as  would  properly  constitute  disease,  but  imder  some 
of  the  conditions  hereafter  to  be  specitied  (§  t¥J2).     But  if  the  urine 
be  turbid  wdien  it  has  first  passed  from  the  Iwdy,  and  has  a  temperature 
of  tJH"^  or  100"^,  it  muHt  be  considered  as  abnormal. 

390,  Qw«//^%.  — Dr,  Parkes,*  who  has  collected  the  averages  of 
many  diiFercnt  observ^ers,  states  that  52J  fluid  ounces  may  be  con- 
sidered to  represent  the  mean  quantity  of  urine  disdiarged  in  24 
hours  by  healthy  male  adidts  between  20  and  40  years  of  age.f  The 
extremes  given  by  different  experimenters  are,  35  oimces  (Prout),  and 
SI  ounces  (Biicker).  Almost  every  intervening  number  between  thase 
two  remarkably- different  quantities  has  been  stoted  by  one  observer  or 
another  to  be  die  usual  average.  Great  dLfferencea  therefore  exist,  even 
in  healthy  adults ;  and  die  amount  will  vary  with  the  quantity  of  fluid 
ingested,  the  external  temperature  and  consequent  activity  of  the  cuta- 
neous transpiration,  the  nature  and   quality  of  the  ibod,  the  tempera- 

*  "  On  the  Vnne;'  p.  5, 

t  Thi^  nuuib^r  agrees  Tsrj  exactly  with  the  careful  eiiperiiDfiata  of  Dr,  Ed.  Smith 
and  Kaupp,  '*  Arahiv  f.  Fhyi,  HciJk./'  himd  xit. 
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ment  of  the  body,  and  perhaps  even  with  national  peculiarities.  Dr.  Ed. 
Smith,  from  daily  experiments  made  throughout  the  year,  has  shown 
that  during  a  cold  summer  (half-year  from  May  to  October)  the  average 
quantity  was  somewhat  more,  whilst  during  a  hot  summer  it  was  some- 
what less,  than  during  the  winter  six  months.  With  alcohol  given  to 
prisoners,  there  was  an  average  decrease  of  20  ounces  per  day  for  three 
days,  the  quantity  of  water  drank  being  unchanged.  With  a  day  of  rest 
the  quantity  was  less  than  on  days  of  labour,  and  there  was  more  on 
treadwheel  days,  notwithstanding  that  the  quantity  of  water  drank  was 
the  same,  and  there  was  more  perspiration  with  the  hard  labour.  It  has 
been  clearly  shown  by  Bernard,*  Ludwig  and  Goll,f  that  the  rapidity 
with  which  the  secretion  of  urine  takes  place,  is  to  a  very  important  ex- 
tent dependent  upon  the  pressure  of  the  blood  in  the  vascular  system.  In 
one  of  the  experiments  recorded  by  M.  Goll,  the  lu'ine  being  discharged  by 
the  ureters  at  the  rate  of  30  or  40  grains  per  minute,  the  animal  was  bled, 
when  the  iiow  immediately  diminished  to  12  grains  per  minute;  but  upon 
transfusing  into  its  veins  some  blood  taken  from  another  animal,  it  rapidly 
rose  to  188  grains  per  minute.  In  like  manner,  an  increased  flow  of 
urine  occurs  when  the  pressure  of  the  blood  is  either  increased  generally, 
as  during  digestion  (Bernard),  or  locally  in  the  renal  capillaries,  as  by 
ligature  of  the  renal  veins,  or  of  some  of  the  larger  systemic  arteries,  as 
the  crural  and  axillary,  or  by  division  of  the  pneumogastric  nerves,  or 
after  certain  lesions  of  the  fourth  ventricle ;  whilst  a  diminution  is  ob- 
served after  the  pressure  has  been  diminished  by  bleeding,  or  by  irrita- 
tion of  the  pneumogastrics,  which  depresses  the  action  of  the  heart,  or  by 
compression  of  the  renal  arteries.  It  is  on  this  principle  that  the  effect  of 
cold  in  increasing  the  flow  of  urine  can  to  some  extent  be  explained ;  for 
by  contracting  the  cutaneous  capillaries  of  the  body  generaUy,  the  pressure 
in  the  renal  vessels  must  obviously  be  increased.  Women  secrete  some- 
what more  urine  than  men,  J  and  children  nearly  twice  as  much  in  pro- 
portion to  the  weight  of  the  body.  Some  time,  however,  usually  elapses 
after  birth  before  the  kidneys  begin  to  discharge  their  fimction  with  acti- 
vity ;  the  urine,  up  to  the  third  day,  being  usually  scanty,  albuminous, 
destitute  of  urea,  and  containing  but  a  small  proportion  of  solid  ingre- 
dients. When  a  great  excess  of  fluid  has  been  ingested  within  a  short 
space  of  time,  it  is  rapidly  discharged  by  the  kidneys,  nearly  all  having 
escaped  at  the  expiration  of  2^  hours  afl^r  the  last  portions  have  been 
taken.  § — That  the  secretion  of  urine  is  influenced  to  an  important  degree 
by  the  nervous  system,  is  sufficiently  indicated  by  numerous  physiological 
as  well  as  pathological  considerations.  The  exact  origin  and  nature  of 
that  influence  is  still,  however,  a  subject  of  controversy.  Amongst  mental 
emotions,  fear  is  the  one  which  most  powerfully  stimulates  the  kidneys  to 
act,  and  the  eflect  is  equally  observable  in  animals  and  in  man.  It  may 
act  like  cold,  by  producing  congestion  of  the  abdominal  viscera  generally, 
since  diarrhosa  is  also  frequently  induced.  The  large  flow  of  urine  in 
hysteria,  as  the  attack  is  passing-ofl*,  is  well  known ;  and  occasionally  this 
occurs  also  as  a  critical  discharge  in  some  febrile  aflections.     Krimer||  was 

♦  "  Lemons,"  1859,  vol.  ii.  p.  165. 

t  "  Zeitachr.  f.  Rat.  Med.,"  t.  ir,  p.  98.  t  Donders,  "  Phys.,"  485. 

§  Thadichum,  "On  the  Pathology  of  the  Urine,"  p.  26,  1858. 

n  "  Phyg.  Unterauch.,"  1820. 
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the  first  who  tnado  niiy  direct  experlmetita  upon  the  uerrea  supplying  the 
kidney  ;    i>a  observes]  tliat  ujjon  section  of   the  rensd  nerves,  albumca 
niade  its  appeiirance  in  the  urine  wiUi  the  colour ing  matter  of  the  bloody 
whilst  the  proper  c<>nstitiient9  diniiniahed  in  quantity,*     Kenioval  of  the 
cerebrum »  cerebellum,  or  spiD;il  cord,  produoea  but  slight  change  in  the 
quality  of  the  tiriue.     The  most  interesting  obiervationa,  Iiowever,  that 
have  yet  been  made  upon  this  aubject  are  those  of  Bernard,  "vvho  haal 
shown  that  if  a  particular  point  of  the  fourth  ventricle  be  injured  by  the 
introduction  of  a  fine  needle,  sugar  makes  its  appearanee  in  the  urine ;  and 
that  if  this  spot  be  not  exactly  stmck,  there  is  still  a  considerable  increase 
m  the  quantity  of  the  urine.     It  is  a  matter  of  common  observatii>ti  that 
injuries  of  the  spinal  cord  are  followed  by  changes  in  the  constttution  of  J 
the  urine,  which  becomes  ammoniacal  and  precipitates  phosphates ;  but  it  * 
appears  to  be  doubtftd  whether  these  changes  are  not  the  result  of  dis- 
ordered secretions  from  the  walla  of  the  urinary  bladder,  the  urine  being 
secreted  norm  ally  ^  but  undergoing  in  its  course  through  the  urinaiy  pas- 1 
sftgea  a  kind  of  Jeri«entation,  which  induces  decomposition  of  the  urea  and 
the  formation  of  carbonate  of  amnjonia* 

391.  The  Speeijk  Grnvift/  comes  to  be  a  very  important  character 
in  various  morbid  conditions  of  the  urine;  and  it  is  therefore  deajnible 
to  estimate  it  correctly.  This  also  is  of  course  subject  to  the  like 
causes  of  variation ;  sincej  when  the  same  amount  of  lolid  matter 
IS  disiiolved  in  a  larger  or  smalJer  quantity  of  water,  the  specific 
gravity  will  be  proportionably  lower  or  higher;  or,  the  quantity  of 
water  remain injs^  the  same,  an  increase  or  diminution  in  the  amount  of 
solid  matter  will  raise  or  lower  the  specific  gravity.  It  haa  been  com- 
monly supposed  that  the  amount  of  solid  matters  in  the  urine  bears  iuch 
a  constant  ratio  to  its  specific  gravity,  tlmt  the  former  ma}'  be  approxi- 
matively  deduced  from  the  latter  ;  tliis,  however,  is  now  ascertained 
to  be  by  no  means  the  cdise.f  Still,  the  determination  of  tJie  specific 
gravity  is  of  sufficient  importance  for  tUagnoatic  purposes,  to  make  it 
desirable  to  possess  an  average  standardj  as  nearly  approaching  to  accuracy 
as  ctrcum stances  wQl  permit.  The  average,  according  to  Dr*  Prout,  in  a 
healthy  person,  taking  the  whole  year  round,  is  about  102iJ;  the  stiuidard 
rising  in  summer  (on  account  of  the  greater  discharge  of  fiuid  by  perspi- 
ration) to  1025;  and  being  lowered  in  winter  to  1015,  Simon,  however, 
states  the  average  speciiac  gravity  at  no  more  than  1012,  Dr»  RolxirtaJ 
observed  the  sjxicific  gravity  of  his  own  urine,  while  iu  a  healthy  state,  j 
to  vary  from  1001  to  103C.  That  the  specific  gra^^ty  does  not  l»ear  any* 
constant  relation  to  the  quantity  di Recharged,  has  been  shown  liy  Dr. 
Hammond;  who  noticed  that,  although  the  atlemoon  and  evening  urine 
%vrLB  most  abundant,  its  specific  gravity  was  very  high,  in  consequence  of 
its  containing  a  hirge  projxirtion  of  solid  ingredients.  The  specific  gravity 
of  the  urine  probably  depends  mainly,  in  each  individual  case,  upon  the 
amount  of  azotized  solids  and  of  aqtieous  fiiiids  habitually  ingested^ 
aDowing  for  the  portion  of  tlie  latter  that  is  dissii>ated  by  cutameous  ex- 

*  Hermanti,  however,  waa  niiabte  to  uWnre  a.uy  filt«mtion  ]»  either  the  qcukntitf  Ot| 
qnnlity  of  tbnj  urint)  is^retecl  after  sectioa  of  the  nerves  jiccompanj'iiig  tho  rem}  ftrtcfifi^f 
— "  Constat t*fl  BencH"  1^62,  p.  128, 

+  Sec  Lehmaimfl  "  Pby^io logical  Chemuitrj''  (Careadifth  Society),  tqL  li.  p.  4S^, 

t  •*Edmb,  WecL  J^jtim.,^*  1S60. 
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halation ;  and  it  will  also  vary  with  the  period  that  has  elapsed  since  the 
last  introduction  of  liquid  into  the  stomach.  From  these  and  other  causes, 
the  amoimt  of  solid  matter  in  1000  parts  of  urine  may  vary  from  20  to  70 
parts ;  and  hence  the  various  recorded  analyses  of  this  liquid  present  very 
wide  diversities  in  the  proportions  of  its  solid  constituents.*  These  dis- 
crepancies, however,  being  chiefly  due  to  the  fluctuating  amount  of  water, 
become  very  much  less  (as  Simon  jxjinted  out)  when  we  calculate  the 
proportion  which  each  principal  component  bears  to  100  of  solid  residue ; 
as  is  shown  in  the  following  Table : — 

Berzeliiu.       Lehmann.       Bimon.       Marchand. 

Urea 45*10  49*68  83*80  48*91 

Uric  acid 1-50  1*61  1*40  1*59 

*^r^i:j,rid':*:^'8Sdr^'^-!^*r'i  '"-^o    ^s-as    42-6o    82« 

Alkaliiie  Sulphates 10*80  11*58  8*14  10*18 

Alkaline  Pbospbates 6*88  5*96  6*50  4*57 

Pbospbates  of  Liiue  and  Magnesia    .       1*50  1*97  159  1*81 

We  shall  presently  find  the  causes  of  some  of  the  variations  even  here 
shown,  to  lie  in  the  nature  of  the  ingesta,  and  in  the  amount  of  exercise 
taken  by  the  individual. — The  following  Tablef  will  sliow  the  usual  con- 
stituents of  healthy  urine,  and  the  quantities  excreted  in  24  hours : — 


Average  quantity  excreted 

Urinary  Conatitoento. 

Average  quantity  excreted 
in  :S4  hours,  in  grains. 

for  each  1  lb.  avoird.  of 

body.weight  (estimating 

this  at  160  lbs.),  per 

diem,  in  grains. 

Urea 

612 

8*5 

Uric  Acid 

8-5 

0-057 

HipporicAcid 

15 

01 

Creatinine 

15 

01 

Xanthine 

Phenylic    .... 
Damolic     .... 

1            Traces. 

— 

Pigment 

Macns 

^                7 

— 

Inorganic  Salts 

140  to  880 

0-933  to  2*53 

(Taryioff  greatly  in  their  rdative 
proportions  according  to  t  he  nature 
of  tlie  food,  and  composed  oQ 

Sulphuric  Acid 

17-84  to  41-14 

0-116  to  0-27 

Phosphoric  Acid 

81  to  79 

0-207  to  0-526 

Chlorine 

51-87  to  173-2 

0-345  to  1  164 

Potash 

26-36  to  107-7 

0-175  to  0-718 

Soda 

79-76  to  171-0 

0-631  to  1-14 

Lime 

2-33  to  6-36 

0-016  to  0-042 

Magnesia 

2-53  to  4-21 

0-016  to  0-028 

Silicic  Acid 

Traces. 

— 

*  It  is  remarked  by  Lehmann  (Op.  cit.,  p.  447),  that  the  urine  of  the  French  is 
poorest  in  solid  constituents,  especially  in  urea  and  uric  add,  and  that  of  the  English 
the  richest,  that  of  the  Germans  being  intermediate  between  the  two  ;  the  ratio  in  each 
nation  being  in  conformity  with  theproportion  of  animal  food  entering  into  its  ordinary  diet. 

t  Chiefly  dnwn  up  from  the  works  of  Parkes,  **  On  the  Urine,"  1860,  Lond.; 
Thudichnm,  *'  On  the  Pathology  of  the  Urine,'*  1868,  Lond.;  and  Neubauer  and  Vogel, 
**0n  the  Urine/'  Lond.  1863,  New  Sydenham  Society's  Translation;  to  which  excellent 
treatises  the  leader  desirous  of  further  information  is  referred. 
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It  i&  difScult,  if  not  impoaaibk,  to  determine  the  escact  mode  in  wKicli  the 
acida  are  distributed  amongst  the  bases,  but  tlie  Chlorides  and  Phosphates 
seem  to  be  eliminated  in  the  following  proportions  ; — 

GnlnR  fn  24  hoort, 

CHilorlde  of  SodiTim about  150 

Chloride  of  Atnraajiium     «     .     «     .     ^     •        „       35 

Fhaapb&te  of  MagDeHta       .     .     .     .     ^     ,        „         5\  Leliniiuin  fttid 

Phosphate  of  Lime „       IQ\    Khtihkakf. 

l^he  filiation  between  the  two  t&at  ia  reTfOBod  bj  Neubaner. 

The  urine  contains,  in  addition,  free  carbonic  acid,  oxygen,  and  nitrogen 
gases;  together  with  a  certain  and  not  inconsiderable  quantity  of  extracliv© j 
inatteTB,  cotii*iating  of  aiibstances  whose  nature  has  not  I»een  accumtely  de 
termined,  &b  in  the  case  of  those  containing  siilphiir  and  phoBphoniSp  the 
substance  termed  Oxide  of  Omichmjl  by  Scharling  (which  is  apparently 
of  a  resinous  nature),  and  others.   The  aggregate  amount  of  the  extra ctiyea 
is  eijtimated  by  Dr.  Parkes  at  154  grains  ]yer  diem,  and  constitutes  a  wide 
and  very  important  field  for  future  investigationfi.     It  will  tlnia  be  seenj 
that  the  total  quantity  of  sohd  material  eliminated  by  tlie  kidueya  doe»l 
not  fall  far  short  of  900  gniins  in  the  24  hours  for  a  healthy  adult  maul 
weighing  150  lbs.,  the  proportion  of  organic  compoimda  being  about  550 
grains,  and  of  inorganic  abotit  300  grains, — Under  the  head  of  consti- 
tuents not  constantly,  or  not  certainly  present,  or  perhaps  present  only  iu 
disease,  may  be  enumerated  albumen,  librin,  sarkin,  grape-sugar,  lactic 
and  oxalic  acids,    fiitty   substances,  biliary   colouring  matter,  salts  of 
the  biliary  acids,  allantoin,  leucin,  and  tyrosin,  cystin,  inoaite,  tanxin, 
hGematin,  pus,  spermat^jzoa,  carbonate  of  ammonia,  phosphate  of  ammonia^ 
and  mti^eaia  and  sulphuretted  hydrogen,*  besides  various  substances 
conaunied  as  food  and  eliniinaied  by  the  kidneys,  as  the  colouring  and 
odorous  matters  of  various  vegetables  and  certain  mottvls, 

392.  The  most  im  jK>rtimt  of  those  organic  constituents  of  th  e  Urine,  whose 
formation  has  already  (§§  32G,  327)  been  traced  to  the  metamorphosis  of 
the  azotized  components  of  tlie  tisauee  and  of  the  blood,  is  evidently  tl^iat 
which  J  from  its  being  the  principal  source  of  the  characteristic  properties 
of  ^e  secretion,  is  termed  Urea.'f  Its  chemical  relations  are  statetl  to  lie 
best  explained  upon  the  hypotlieais  that  it  ie  the  diamide  of  carbonic  acid.J 
This  substance,  as  already  mentioned  (§§  141, 160),  exists  preformed  in  th@ 
blood  in  the  proportion  of  from  2  parts  (in  renal  venous)  to  4  parts  (in 
renal  arterial  blootl)  in  10,000.  It  possesses  the  power  of  diidyzing 
through  animal  membranes  with  remarkable  facility^  almost  equallinfl 
carbonate  of  potash  in  this  re^f>ect*§  The  absolute  qimntity  of  ure 
eliminated  in  ^4  hours,  varies  w^th  age,  season,  weight  of  bmly,  food,  and 
occupation,  and  has  l>een  made  a  subject  of  examination  by  various 
chemists.  The  subjoined  Table{|  gives  the  reaulls  of  some  of  tJio  more 
recent  analyses : — 

•  V,  Gornp-Bcsiaos,  *'P1ijb.  Cbemj^**  p.  510. 

f  Urea  (C,  H^  N,  O^)  contataA^d'T  per  ceai  of  Ditrogen^  and  la  isomerio  with  dj 

of  ^[iiinoQi&  (N  H^  0|  C,  NO),  and  with  earbamide     H*  >  N,. 

HiJ 
t  "Milkr*!  Chemistry."  toL  iiL  p.  615. 

S  See  WeikArt,  "  Wagner* »  Archiv  d.  Hmlknodp.*'  1862,  p.  119, 
II  Parti  J  Ukea  from  Br.  Daj'a  "  Phjeiolog.  Chemistrj,"  ISaO. 
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Girl.  . 

Boy.  . 

Man.  . 

Man.  . 

Boy.  . 

Boy  .  . 

Girl.  . 

Youth  . 

Man.  . 

Man.  . 

Boy  .  . 

Tooth  . 

Girl  .  . 
Woman . 

Man.  . 


Age  in 


22 

88 

8 

4 

5 

18 

81 

65 

3 

16 

18 

43 

45 

42 


Weight  in 
lbs.  avoird. 


85-7 
49-2 

137-8 

153-7 
29-8 
81-7 
86-9 

129-1 

163-7 

127-9 
85 

107 

145 

107 

237 

196 


Grains  of 
Urea  ex- 
creted in 
24  boors. 


199-8 
281-8 
415-8 
459-2 
207-7 
240-2 
280-2 
5621 
604-9 
295-2 
65-7 
805-8 
810-9 
389-9 
579-5 
519 


Proportion 
of  Urea  ex- 
creted to  1000 
parts  of  body- 
weight  in  U 
boors. 


0-79 
0-81 
0-48 
0-42 
1-03 
1-08 
1-08 
0-62 
0-51 
0-33 
0-53 
0-41 
0-30 
0-28 
0-35 


Ditto  for 

every  1  lb. 

of  boily- 

weigbt. 


5-67 
5-72 
2-94 

8 
6-96 
7-57 
7-59 
4-36 
8-69 
2-31 

1-9 
2-85 
2-14 
8-63 
2-44 
2-73 


>  Scherer. 

-  Riimmel. 

Biflchoff. 
Ed.  Smith. 


From  an  examination  of  such  tables  as  this  we  may  draw  the  conclu- 
sions, that  the  average  quantity  of  urea  discharged  by  a  man  of  good 
bodily  health,  is  about  500  grains  per  diem ;  and  that  children  of  from  3 
to  7  years  of  age  excrete,  proportionately  to  their  weight,  about  double  the 
quantity  of  urea  per  diem  excreted  by  men  in  adult  life,  the  quantity  still 
further  diminishing  in  old  age. 

Season. — Dr.  Ed.  Smith,*  in  the  course  of  the  year,  found  that  the 
daily  quantity  (in  himself)  varied  from  219  to  upwards  of  700  grains, 
the  average  upon  the  whole  being  519  grains.  The  proportion  to  each 
1  lb.  of  body- weight  was,  on  the  whole  average,  2*76  grains.  But  in 
experiments  in  prisons,  either  with  or  without  hard  labour,  the  propor- 
tion varied  from  3-72  to  5-82  grains  to  each  1  lb.  of  body-weight ;  so 
that  he  is  of  opinion  that  the  relative  proportion  is  of  no  scientific  value. 
There  was  increase  with  diminished  temperature  and  with  increased 
atmospheric  pressure,  and  hence  variations  in  the  relations  of  these  two 
agencies  varied  the  results.  The  increase  in  the  elimination  of  urea  with 
cold  was  often  deferred  until  the  following  day.  The  period  of  elimina- 
tion ifl  not  that  of  production,  and  whatever  increases  elimination  of  urine 
increases  that  of  urea  also. 

Period  of  the  day, — The  greatest  hourly  elimination  of  urea,  in  Dr. 
Smithes  experiments,  occurred  after  the  breakfast  and  tea  meals ;  whilst  it 
was  least  during  the  hours  of  the  night  and  early  morning. 

Sex, — According  to  Dr.  Parkes,  the  quantity  of  urea  excreted 
every  24  hoiurs,  for  1  lb.  of  body-weight  is,  for  men,  about  3J 
grains;  for  women,  about  3  grains.  During  menstruation,  accord- 
ing to  Beigel,  the  excretion  of  urea  diminishes,  but  subsequently  it  is 
increased. 

Food, — ^Variations  in  the  quantity  and  quality  of  the  food  occasion 
great  differences  in  the  proportion  of  the  urea.  The  following  Table  gives 
the  results  of  some  of  the  best  observers : — 

*  **  ProoeedingB  of  the  Royal  Society**  fur  Mi^  80, 1861,  a  private  commanioation. 
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L  Mixed  Dtet     .    .     .     . 
It  Highly  Ammal  Dtert ,     . 
tn.   VegeUble  Dkt     «     »     , 
IV»  Noii*aiiitUed  Diet     .     * 

LebCDftQat* 

Hfta9hloii.t       WAmeoke4 

601*7fi 
521S7 
347-10 
237*90 

670 
S94 

H^tLi     Woroin. 
520         414 

asd-d    310 

586-7 
1420 
4417 

2d2'4S 

The  quantity  of  urea  always  Increases  after  food,  attatmng  ite  maxmmi 
tiflimlly  abotit  tlie  3rd  or  4tli  hour*  Wlien  an  animal  is  fed  on  fat  and 
water  exclimh^ely,  or  on  starch  and  iat,  with  a  very  small  admixture  of 
albuminous  oonifjoundsj  or  on  sugar,  the  excretion  of  urea  ikLLs  eveu 
below  the  projwrtion  found  in  absolute  starvalionj||  apparently  becauH© 
when  no  food,  or  an  inadequate  quantity  of  tiesli-food,  m  given,  the 
animal  consumes  some  of  its  own  desli  in  order  to  maintain  its  tempera- 
tiu^,  and  thtis  more  Mtrogen  is  eliminated  than  when  ikt  is  supplied ;  for 
this,  by  combining  with  the  Oxygen,  keeps  op  the  tempera tm-e,  and 
spares  the  tissues  of  the  animal.  Genth^  has  shown  that  an  increa^  in 
the  quantity  of  water  drank  was  followed  by  a  marked  increase  in  the 
quantity  of  urea  eliminated^  and  tliia  especially  if  the  water  were  taken, 
not  between,  but  at^  meal-tinies.  Certain  substances  consumed  with  tbe 
food  increase  the  quantity  of  urea  excreted ;  amongst  these  are  Urea  itself 
and  Uric  Acid,  common  Salt  (Voit),  Phosphoric  Acid  (Bocker),  Glycine, 
Guanine,  Theobromine,  Cubebs,  and  Cantharides.**  On  the  other  hand, 
it  is  diminished  by  Digitalis^  Arsenic,  Turpentine,  and  AlcohoL 

Exertion. — With  violent  labour,  as  tliat  of  the  trcadwheeli  there  was 
in  Dr,  Ed*  Smith's  experiments  only  an  increase  of  1^  grains  daily  over 
that  of  light  labour.  On  Sunday  there  was  an  increase  with  increase  of 
food ;  but  in  prisoners  without  variation  of  food,  with  spare  systems,  and 
with  increase  in  the  ikces,  there  was  a  decrease.  Similar  results  have 
been  obtained  bj  Voit,tt  who,  in  consequence  of  the  very  small  differences 
which  he  found  to  occur  in  the  quantities  of  urea  eliminated  in  fasting 
animals  (Dogs)  with  and  without  work,  believes  that  such  slight  increase 
of  ureit  as  re; illy  occurs  after  severe  labour,  ia  due  to  increased  thirst  and 
ingestion  of  water,  together  with  increased  rapidity  of  the  movements 
the  heart  and  lungs.  Lehmann*s  experiments  J  J  showed  also  tlmt  no  in- 
crease of  urea  took  place  in  those  engaged  in  active  exerciae. 

Frequency  of  MicturUiQii. — Kaupp§§  has  shown  that  with  iucreiused 
frequency  of  micturition  there  is  an  increase  in  the  quantity  both  of 
urine  and  of  lu'ea  discharged  in  24  houra, 

Diseaae. — The  am  omit  of  urea  eliminated  increases  in  the  earlj  stages 
of  nearly  all  acute  disease!^, — meningitis,  pneumoniai  typhus,  iX:c,,^indi» 
eating  the  rapid  diaiategnition  of  tlie  iiitrogenous  tissues,  and  coinciding  wltii 
the  period  during  which  increased  heat  of  skin  is  usually  compkined-of, 

*  Lefamaun,  **  Phya.  Chem.'^  (Cav,  Sw,  ed-),  toL  ii,  pp,  450-62, 

t  Haaghton,  '*  Dublin  Quart.  Jaum./'  185&.  t  '"  B«K  Med.  PreM,"  1859. 

I  Yierotdt.  **Phjjj.,"  ISdO.  j|  Ltadwig,  p.  381,  voL  ii. 

II  ^*  LTiitef^uoh.  liber  dGii  Ei  Dallas  dea  Wasaertriak,  no  f  da  a  StoffwecbB@I/'  1856. 
*♦  r.  Ooriip'Bestttioi,  *^Pbyaiolt)g,  Chem./' p,  640,  ]862. 
tt  Henk  and  Mc^iEener,  18@0,  p.  373, 

tt  **  Archiv  dm  Yereim  ftlr  Wiasenacbaft.  ileilkiuide,'^  val  It.  p.  484,  1800* 
^   **  Arabiv  f.  PhfB.  HtUk./'  IS56. 
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During  convalescence  it  gradually  subsides,  and  may  even  fall  below 
the  normal  amount.  The  proportion  appears  to  be  remarkably  diminished 
in  some  forms  of  hepatic  disease.  Thus  Frerichs,*  in  a  case  of  acute 
atrophy  of  the  liver,  found  no  trace  of  urea  in  the  urine,  but  in  its  place 
leucin  and  tyrosin.  In  another  case,  recorded  by  Vogel,  of  cancer  of 
the  liver,  scarcely  one-fourth  of  the  normal  quantity  of  urea  was  found  in 
the  urine ;  and  Heller  has  shown  that  the  proportion  of  urea  is  diminished 
in  chronic  nervous  affections,  and  in  ansemise,  however  produced,  f 

393.  Next  in  importance  to  urea  among  the  organic  products 
of  the  metamorphosis  of  the  a^otized  constituents  of  the  tissues  or  of  the 
blood,  but  ordinarily  bearing  a  very  small  proportion  to  it  (1 :  50  or  60) 
in  quantity,  is  Uric  Acid  (C^^  H^  N^  O^).  This  compound  contains  33 
per  cent  of  nitrogen.  The  variations  in  the  daily  quantity  eliminated 
are  considerable ;  and,  according  to  Eanke,  whilst  in  great  measure  in- 
dependent of  differences  in  age,  sex,  height,  weight,  or  temperature,  stand 
in  close  relation  with  the  ingestion  of  food,  diminishing  with  abstinence, 
and  materially  rising  soon  after  meals.  Prof.  Haughton  found  the  average 
quantity  eliminated  by  those  consuming  animal  food  to  be  %*55  grains 
per  diem,  whilst  vegetarians  discharged  only  1  *48  grains.  It  is  diminished 
after  the  use  of  Alcohol  (Hammond),  and  after  the  administration  of 
Quinine  (Ranke),  and  is  totally  absent  when  large  draughts  of  water  have 
been  taken  (Genth).  It  is  increased  after  the  free  use  of  Tobacco  (Ham- 
mond), and  after  the  consumption  of  certain  substances  introduced  into 
the  fo<>d,  as  Glycin.  A  marked  increase  has  been  observed  in  intermittent 
fevers,  in  Leukaemia,  in  Peritonitis,  Phlebitis,  and  some  chronic  renal  and 
spinal  affections.  Uric  Acid  is  found  in  the  spleen-pulp  in  considerable 
quantities,  and  also  in  the  lungs,  liver,  pancreas,  and  brain ;  in  the  juice 
of  muscles,  and4n  small  quantities  in  the  blood  (Garrod)  in  the  form  of  an 
acid  urate  of  soda  or  anmionia.}  It  seems,  therefore,  to  be  very  gener- 
ally present  where  active  interstitial  changes  are  taking  place.  The  pre- 
cipitation of  Uric  acid  (usually  in  combination  with  potash,  soda,  and 
ammonia,  and  perhaps  sometimes  with  lime),  which  frequently  takes 
place  on  the  cooling  of  the  urine,  must  not  be  regarded  as  indicative  of 
the  presence  of  an  unusual  amount  of  this  substance;  since  it  may 
depend  upon  other  conditions.  It  seems  to  have  been  clearly  proved  by 
Dr.  Bence  Jones,  §  that  there  is  no  relation  whatever  between  the  acidity 
of  the  urine,  and  die  absolute  amount  of  Uric  acid  which  it  may  contain ; 
for  in  the  urine  which  is  most  acid,  and  which  deposits  the  largest  uric- 
acid  sediment,  very  little  uric  acid  may  really  exist ;  whilst  that  which 
contains  most  uric  acid  may  hold  it  in  periiect  solution,. and  may  have 
but  a  feeble  acid  reaction.  The  main  cause  of  the  deposit  of  Uric-acid 
sediments,  is  doubtless  the  presence  of  some  other  acid ;  for  the  addition 
of  any  acid  to  healthy  urine  passed  soon  after  food,  is  always  sufficient  to 
produce  it.  But  the  deposit  takes  place  less  readily  if  the  temperature 
of  the  fluid  be  high,  since  the  solvent  power  of  the  acid  phosphate  of  soda 
is  then  more  strongly  exerted ;  so,  on  the  other  hand,  a  deposit  often  takes 
place  in  urine  which  would  not  otherwise  exhibit  it,  through  an  imusual 
reduction  in  its  temperature,  as  by  exposure  to  the  cold  air  of  a  sleeping- 

♦  "DeutMli-Klimk,"  1855,  p.  81.  f  Gmelin,  vol.  viii.  p.  825. 

X  Tbudicham,  **  Pathology  of  the  Urine,"  p.  97. 

§  See  his  *  ConiribqtioDB  to  the  Chemistry  of  the  Urine/  in  **  Philos.  Trans./*  1849. 


410 


OF   aECRETlOK   AMD   EXCRETIOK. 


room  in  the  winter.  Again,  the  deposit  of  uric-a<^ld  aediment  h  (kvoured 
by  concentration  of  the  liquid^  which  thus  angnieiits  the  profMjrtiQTi  of  the 
urate  to  the  water^  and  at  the  same  time  intensifies  the  aeki  reaction ; 
and  thns  nrine  whose  conBtitnenta  are  otherwise  normal,  may  tlirow 
down  a  copioujs  deposit  of  this  kind,  merely  from  deficiency  of  water; 
whilst  an  unnsnal  amount  of  uric  acid  may  be  reidly  present  without 
being  deposited, — the  urine,  ton,  exhibiting  its  ordinary  aciditjr, — if  the 
proportion  of  M-'iiter  be  large*  Thus  the  iiric-acid  sediment  may  b©  ( 
regarded  as  dependent  upon  three  concurrent  conditions: — (1)  Decrease 
of  temperature ;  {2)  Increased  pro5K>rtio;i  of  uric-acid  oompoond  to  the 
water,  positively  or  relatively ;  (3)  Increased  aciditj  of  the  urine.  Some- 
times one  condition  is  most  influentialn,  eometimes  anodier;  but  thej  are 
all  usually  concerned  in  some  degree, — There  are  many  diseases^  especially 
^ose  of  a  febrile  natnre,  in  which  the  presence  of  an  txciM  of  nric  aoid 
is  a  very  marked  ajmiptom ;  there  is  oilen,  at  the  same  time,  a  reduction 
in  the  proportion  of  urea ;  and  thus  it  would  aeem  that,  with  perliapa 
an  augmen|ed  tendency  to  disintegration  of  the  tissueaT  there  is  an  incu* 
pacity  Jbr  the  performance  of  that  higher  process  of  oxidation^  wliich  is 
requisite  for  the  genesis  of  iu*ea  \  so  that  a  larger  proportion  of  the 
products  of  the  *  waste'  paases-off  in  the  state  of  nric  add,  as  in  animals 
M-^hose  respiration  is  feeble.  —  The  proportion  ol'  Hipptiric  Arid 
(Cj^  H  NO^  +  HO)  present  in  the  urine  api>eiira  to  be  in  great  measure 
depenaent  upon  the  nature  of  the  fcMxl  and  upon  the  amoimt  of  ejcereise. 
According  to  the  researches  of  Weissmann  and  Thudichum,  it  amounts 
to  between  30  and  40  grains  per  diem  on  a  mixed  diet.  On  a  purely 
animal  diet,  it  falls  to  about  12  grains  per  diem ;  whiiiit  it  rises  coDsider- 
ably  when  vegetables  alone  are  consumed.  As  might  be  anticipated^ 
therefore,  a  large  quantity  of  this  acid  is  constantly  present  in  the  urine 
of  Herbivora,  but  only  traces  exist  in  tliat  of  Camivora,  Both  Mack  and 
Koussin  found  that  Horses  at  rest  posa  much  urea  and  little  Hippuric 
acid ;  but  when  at  work,  the  quantity  of  Plippuric  acid  equalled  or  ex- 
ceeded that  of  urea,  the  absolute  quantity  of  the  latter  imdergoing  n. 
diminution  equal  to  the  increase  of  the  Hippiu'ic  acjtL  As  urea  is  one 
of  the  ultimate  products  of  oxidation  in  the  body,  w^hilst  Hippiuric  acid 
is  very  imperfectly  oxidized,  it  would  eeem  that  during  violent  exertion 
the  due  oxidation  of  the  secondary  nitrogenous  compounds  produced  by 
the  disintegration  of  the  tissues  is  interfered  with,  perhaps  by  the  diversion 
of  the  oxygen  to  form  carbonic  acid,  the  quantity  of  which  has  been 
shown  by  Dr.  Ed.  Smith  to  be  so  notably  increased  by  all  kinds  of*  mus- 
cular exertion ;  or  we  may,  with  more  probability,  suppose  that  the  lungs 
are  unable  to  eliminate  the  whole  of  the  carbon  of  the  disintegrated  tissues 
in  the  form  of  CO^,  and  that  a  pail  of  the  carbon  is  consequently  dis^ 
charged  by  the  kidneys  in  tlie  form  of  the  richly-carbonized  comixjunda, 
Hippuric  or  Benzoic  ocidi.  The  quantity  of  Hippiu*ic  acid  eliminated  can  be 
grejitly  increased  by  the  administration  of  Benzoic,  Succinic,  Cinnamic,  or 
Kiaic  acids,  or  of  Oil  of  bitter  almonds.*  The  transibrmation  of  Benzoic 
into  Hippuric  acid  appears  to  take  place  at  the  Hver,  as  it  does  not  occur  in 
jaundiced  patients,  or  in  dogs  in  whoni  the  ductus  commnnis  choledochui 
iias  been  tied,  the  Benzoic  acid  then  |iaaaing-off  michanged. — CtTntittg 
and  Cnatimne  may  be  obtained  by  tlie  action  of  Chloride  of  Zinc  on 
^  See  Malttslienkjr,  '*  VlrcliowV  Archlv,*'  1S63,  p.  £28. 
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concentrated  urine ;  but  the  researches  of  Heintz*  have  shown  that  no 
Creatine  is  present  in  fresh  urine,  that  which  was  formerly  obtained  being 
in  feet  produced  by  the  decomposition  of  the  Chloride  of  Zinc  compound, 
the  Creatinine  of  which  takes  up  water  and  is  converted  into  Creatine.f 
The  quantity  of  Creatinine  daily  eliminated  by  a  healthy  man,  living  on 
a  good  mixed  diet,  was  found  by  Neubauer  to  vary  from  9  to  20  grains. 
Creatinine  is  the  most  powerful  organic  base  in  the  body.  Creatine  can 
be  readily  converted  by  boiling  with  Baryta  water  into  Sarcosine  and 
Urea.  J — Scherer  and  Neubauer  fotmd  a  small  quantity  of  Xanthine  was 
usually  present  in  human  urine.  From  600  lbs.  of  Urine  the  latter 
obtained  15^  grains,  and  from  the  same  quantity  247  grains  of  Benzoic 
acid. — The  colouring  matter  of  the  urine  has  been  shown  by  Dr.  G. 
Harley  to  proceed  from  the  Haematin  of  the  blood.  He  terms  it 
Urohflsmatin.  It  contains  iron,  is  insoluble  in  the  strongest  mineral 
acids,  but  dissolves  in  solutions  of  ammonia,  potash,  and  soda,  and  in 
alcohol,  ether,  and  chloroform.  He  has  resolved  Urohsematin  into  a 
resin  and  two  other  substances.  Schunck  and  Carter§  consider  the 
colouring  matter  of  the  urine  to  be  a  modification  of  Indigo,  and  believe 
that  the  terms  employed  by  Heller  ||  of  Uroglaucin,  Urrhodin,  and 
Uroxanthin,  indicate  respectively  Indigo-blue,  Indigo-red,  and  Indican. 
All  these  substances,  as  well  as  those  included  under  the  general  term  of 
Extractives,  contain  considerable  proportions  of  carbon,  whilst  they  are 
comparatively  poor  in  nitrogen ;  so  that  their  increase  will  be  favoured 
by  an  excess  of  carbonaceous  food,  an  imperfect  action  of  the  liver,  and  a 
low  d^ree  of  respiration  ;  whilst,  on  the  other  hand,  a  highly-azotized 
diet,  especially  if  combined  with  active  exercise,  will  tend  to  their  reduc- 
tion.— The  odour  of  the  iirine  appears  to  be  due  to  the  presence  of 
minute  quantities  of  the  volatile  acids,  termed  by  Stadeler  Phenylic  (or 
Carbolic,  C„  H,  0„  HO),  Taurylic  (C,,  H,  O,),  Damaluric  (C,,  H,^  0„  HO), 
and  Damolic,  die  composition  of  which  last  is  unknown. 

894.  Besides  its  organic  materials,  the  Urine  contains  a  considerable 
amount  of  Saline  matter ;  the  excretion  of  which,  in  a  state  of  solution, 
appears  to  be  one  of  the  principal  offices  of  the  Kidney.  Various  saline 
compounds  are  being  continually  introduced  with  the  food ;  and  others 
are  formed  within  the  system,  by  the  oxidation  of  the  Sulphur  and 
Phosphorus  of  the  tissues  or  of  the  food,  and  by  the  combination  of  the 
sulphuric  and  phosphoric  acids  thus  formed,  with  alkaline  and  earthy 
bases  which  the  food  may  contain,  usually  in  a  state  of  combination  wilii 
weaker  acids  which  are  otherwise  disposed-of.  Thus  the  saline  com- 
pounds found  in  the  urine  are  to  be  regarded  as  partly  proceeding  from 
the  retrograde  metamorphosis  of  the  materials  of  the  tissues,  after  these 
have  served  their  purpose  in  the  economy,  and  partly  from  that  of  such 
components  of  the  food  as,  being  superfluous,  do  not  undergo  organization. 
But  the  Kidney  also  serves  as  the  channel  for  the  elimination  of  saline 
compounds  introduced  into  the  system  per  se ;  these  being  sometimes 

♦  Vogel  and  Neubauer,  "On  the  Urine,"  New  Syd.  Soc.  Trans!.,  1863,  p.  18. 
t  Creatinme  C.  H,  N,  0,  +  4H0  becoming  Creatine  C,  H,,  N, 0,. 
t  Creatine  Cg  H.,  N,  0,  becoming  Urea  C,  H^  N,  0,  and  Sarcosine  C,  H,  N0<. 
§  **  Memoirs  oi  Manchester  Med.  Soc.,"  vol.  xiv.  p.  293.      See  also  Kletzinskj, 
"  Heller's  ArchiT,"  vol.  vi.  p.  414. 
II  "  Archiv  f.  Chem.  undMikroskop.,"  band  ii.  pp.  161-173. 
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fiormally  present  in  the  body,  but  ingested  in  too  krg^  »n  amount,  u&  la 
often  the  case  with  common  Salt ;  whilst,  on  the  otiier  hand,  they  may 
be  altagetlier  tbreign  to  the  composition  alike  of  its  solids  and  its  JluidJi. 
— The  Alkaline  Sulphates  usually  constitute,  as  we  have  seen  (§  891), 
at  least  10  per  cent  of  the  wliole  solid  matter  of  the  Urine*  Bemg  always 
in  solution,  however,  they  never  make  their  presence  known  by  the  forma- 
tion of  sediments,  and  are  on\^  to  be  detected  by  chemical  tests*  The 
eanaes  wliloh  inHuence  their  amount  have  l>een  carefully  studied  by  Dr, 
Bence  Jones ;  who  has  shown  that  they  vary  (hke  uxea)  with  the  amount 
of  food  ingeatedj  and  with  the  d^ree  of  nervo-mnscular  activity  put- forth 5 
as  might  be  anticipated  irom  the  fact,  tlmt,  under  ordinary  circumstances, 
the  Bulphuric  acid  is  entirely  formed  within  the  system,  by  the  oxidation 
of  the  aulplmr  of  the  protein -compounda,  the  bases  being:  fiu-nished  by  the 
alkahne  cfirbonates  or  phoephatea  of  the  blood.  When  sulphuric  acid  or 
soluble  sulphates  are  taken  into  the  system  per  se^  tltey  partly  iiud  tlieir 
w^ay  out  of  it  by  the  Kidneys ;  the  proportion  of  sulphuric  acid  in  the 
urine  being  for  a  time  angment^^^  although  the  increase  is  not  consider* 
able  until  some  hours  have  elapsed  after  the  introductLon  of  these  sub- 
stances into  the  stomach,* — Tbe  amount  of  Aikulhie  Phosphates  m  the 
Urine  is  usually  about  half  that  of  the  alkaline  sulphates.  The  acid  of 
tlicae  also  is  ordiaarily  generated  witliin  the  system,  by  the  o3cidation  of 
the  phosphorus  originally  introduced  in  the  protein -com  pounds;  and  thus, 
as  in  the  case  of  the  sul[}hateSj  the  quantity  of  them  wluch  is  excreted 
by  the  urine  bears  a  certain  relation  to  the  amount  of  these  compounds 
ingested  as  fbod^  and  also  to  tlie  amouut  of  muscular  ti^ue  which  has 
undergone  disintegration  by  exercise.  But  it  further  appears  tliat  tliere 
is  a  special  relation  between  the  (juantity  of  the  alkaline  phosphatea  in 
the  urine,  and  the  amount  of  disintegration  of  the  riervous  tissue ;  as 
might  liave  been  suspected  from  the  iltct,  that  this  tissue  is  distinguished 
by  the  very  large  proportion  of  phosphorus,  united  with  fatty  acids, 
which  it  contains.  And  a  marked  increase  of  these  salts  is  observed  in 
those  inflammatory  diseases  of  tlie  brain,  in  which  there  is  reason  to  be- 
lieve tluit  an  unusually-rapid  disintegration  of  its  texture  is  taking  place,^ 
— The  Earthy  Phosphates  usually  bear  but  a  snmll  proportion  to  tlic 
Alkahne ;  but  their  presence  in  the  urine  comes  to  be  of  great  import- 
ance with  reference  to  the  precipitates  which  they  form  in  particular 
conditions  of  tlmt  secretion.  From  the  researches  of  Dr,  Bence  Jonea 
(loc.  cit,)  it  appears,  that  the  quantity  of  these  phosphates  in  the  uriue 
chiefly  varies  with  the  amount  of  them  contained  in  the  food,  into  many 
articles  of  which  they  enter  largely ;  but  he  haa  also  ascertained  that 
their  formation  within  the  system  is  determined  by  Hie  presence  of  their 
bases  ;  for  if  any  earthy  salt,  a  Littte  chloride  of  calcium  or  sulphate  of 
magnesia  for  instance^  be  taken  into  the  system,  the  quantity  of  eartliy 
phosphatea  in  the  lU'lne  undergoes  an  increase.  The  small  quantity  of 
carbonate  of  lime  taken  into  the  system  with  the  food,  or  set- free  by  the 

*  Dr.  Bence  Jones  in  '*  PLiloaftpbical  Tmnsactlons/'  1849. 

t  Soe  Br.  BeDce  J^mes'S  valtiiible  fierics  of  Papers  in  the  '  *  Fhilosopbical  TnmB&etiooa" 
for  1345,  1347«  and  18a0,  and  in  the  '^Medico^ChlTTirgical  TnLnAaolioDfl''  for  1847  aild 
1650. — 1 1  It  curio  UB  to  observe,  that  whiiai  the  Inoreiue  in  the  alkatiae  pbotpluititt  in 
iDdanim&torx  afectiona  of  the  nerTous  oetiiri2«  Is  Ytxy  marked,  there  Appe^^  to  be  a 
IMfflitiTe  dlmiatitioii  uf  them  m  Delir-iuiu  TrL^menH,  A  corULiJi  oJlowance  must  be  ru&de, 
iiuwever,  fi>r  the  ab^tUionee  from  (ood^  which  will  ef  iteelf  occaiSloa  a  reductiuu  iu  the 
quAOtity  excreted. 
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slow  disintegration  of  the  osseous  tissue,  is  probably  excreted  in  Man 
almost  entirely  in  the  form  of  phosphate ;  although  of  the  much  larger 
amount  ingested  by  herbivorous  animals,  a  considerable  proportion  is 
excreted  in  the  urine  in  its  original  state.  The  Earthy  Phosphates, 
although  insoluble  in  water,  are  soluble  in  all  acid  liquids ;  and  they  are 
held  in  solution  in  Urine,  like  the  urates,  by  the  acid  phosphate  of  soda. 
Their  precipitation  in  an  alkaline  state  of  the  urine  is  owing  to  the  want 
of  this  solvent,  not  to  an  excess  in  their  production ;  for,  as  Dr.  Bence 
Jones  has  pointed-out,  that  excess  of  alkaline  and  earthy  phosphates  in 
the  urine  which  constitutes  the  true  *  phosphatic  diathesis,'  is  generally 
coincident  with  a  highly-acid  state  of  the  urine. — The  only  other  inor- 
ganic saline  constituent  of  the  Urine,  whose  quantity  gives  it  import- 
ance, is  Chloride  of  Sodium,  By  far  the  larger  proportion  of  this  is 
doubtless  derived  directly  from  the  food ;  but  little  being  furnished  by 
the  disintegration  of  muscle,  which  will  set-free  potash  rather  than  soda. 
The  amount  eliminated  by  the  urine  is  consequently  subject  to  great 
variation,  it  being  the  function  of  the  Kidneys  to  remove  whatever  is 
superfluous,  so  as  to  prevent  the  blood  from  becoming  overcharged  with 
this  substance.  Of  the  chloride  of  sodiiun  introduced  as  food,  a  part 
appears  to  undergo  decomposition  in  the  system,  whereby  hydrochloric 
acid  is  furnished  to  the  gastric  fluid,  and  soda  to  the  bile  ;  much  of  this 
acid,  however,  must  reunite  with  its  base  in  the  alimentary  canal,  so 
that  the  chloride  of  sodium  thus  regenerated  will  be  absorbed  with  the 
products  of  the  digestive  operation. — Although  Nitric  Acid  can  scarcely 
be  r^arded  as  a  normal  constituent  of  the  Urine,  yet  the  investigations 
of  Dr.  Bence  Jones*  appear  to  show  that  it  is  formed  by  a  combustive 
process  within  the  body,  whenever  ammoniacal  salts  are  introduced  into 
the  system ;  its  amount,  however,  being  very  small.  He  has  also  found 
that  it  is  generated  afler  the  ingestion  of  small  quantities  of  urea ;  a  &ct 
which  affords  some  confirmation  to  the  doctrine  of  Frerichs  (§  388),  that 
urea  may  imdergo  decomposition  into  carbonate  of  ammonia,  whilst  still 
circulating  in  the  current  of  blood. — The  presence  of  Oxalic  Acid  in  the 
urine  (in  combination  with  Lime)  has  been  usually  regarded  as  a  patho- 
logical phenomenon,  consequent  upon  an  irregular  performance  of  the 
retrograde  metamorphosis  of  the  tissues ;  but  there  can  be  no  doubt  that 
it  may  also  result  from  the  presence  of  soluble  salts  oi  oxalic  acid  in 
certain  articles  of  vegetable  food.f — The  Gases  found  in  the  Urine  have 
been  examined  by  Planer  J  and  Bernard.  §  Planer  found  in  one  instance 
7,  and  in  another  16  per  cent  of  gas.  The  following  Table  gives  the  per- 
centage composition  of  the  gases  obtained : — 


C&rbonic  Acid     .     .     . 
Oxygen 

Planer. 

Bernard. 

84-2 

16-2 

0-5 

92-3 
72 
0-6 

78-81 

18-64 

2-66 

100 

100 

100 

*  "Philosophical  Traosactioiia/'  1851.— It  is  right  to  state,  however,  that  this  doctrioe 
has  beeo  called  in  qaestion  by  some  eminent  anthorities,  who  deny  the  validity  of  the 
teat  for  nitric  acid  employed  by  Dr.  Bence  Jones.  • 

t  See  Dr.  Golding  Bird  on  **  Urinary  Deposits." 

Jv.  Gomp-Besanez,  •^Physiolog.  Chem.,"  1862,  p.  626. 

§  "Lcgons,"  vol.  i.,  1859,  p.  347. 
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About  one-third  of  the  carbooic  acid  was  combined,  the  remaimog  two- 

thirda  were  free. 

SMiJ.  The  ordinary  acid  reaction  of  the  Urine  nppeats  to  be  dne,  not  to 
the  iiresence  of  any  free  aeid,  but  to  the  conversion  of  the  baste  phosphate 
of  aotia  into  the  aad  phos|ihate,  by  the  subtraction  of  a  part  of  the  base, 
which  occurs  when  iu*icj  hippuric^  lactic,  or  other  free  acids  come  into 
eont.ict  with  the  ibrnier  substance.  There  is  no  adequate  r^son  to  be- 
lieve, tlmt,  in  the  healthy  stiite,  there  is  ever  any  other  cause  than  this ; 
although  in  morbid  urine,  free  organic  acids  are  almost  certainly  present,* 
It  has  been  shown  by  the  researches  of  Dr,  Bence  Jones^f  with  whose 
observatdons  those  of  Roberts}  gefnerjilly  agree,  tJmt  the  acid  reaction  is 
far  from  being  constant  in  its  degree,  even  when  an  ordinary  mixed  diet 
18  steadily  employed ;  for  that  it  varies  at  different  periods  of  the  day, 
increasing  and  decreasing  iaversehf  with  the  aciditt/  of  the  stomach  (§  4^5)*  f 
Thus  the  acidity  of  the  Urine  decreases  soon  after  taking  food,  whiJ 
tliat  of  the  Stomach  ia  increasing,  and  attains  its  lowest  limit  about  threal 
to  five  hours  ailer  a  meal,  when,  therefore,  absorption  is  being  mofil^ 
actively  performed.  An  alkaline  reaction  is  often  observed  in  the  urine 
at  this  period,  which,  aecordiiig  to  Dr.  Roberts,  is  due  to  tlie  preeence  of 
fixed  alkali ;§  this  o»'*.i  iii-  a  precipitation  of  earthy  phosphates,  ren- 
dering the  urine  tiu*bidj  thijugh  the  quantity  of  uric  acid  at  thts  i>eriod 
is  always  large.  The  acidity  then  gradually  increases,  whilst  that  of  the 
stomach  ia  decreasing ;  and  attains  its  highest  limit  after  a  fast  of  somja. 
hours,  when  the  stomach  ia  quite  empty,  and  its  secretion  neutral, 
no  food  be  taken j  llie  acidity  does  not  decrease,  but  remains  at  nearly  the^ 
same  point  ibr  ten  or  twelve  hours.  When  animal  food  was  alone  em- 
ployed»  the  diminution  of  the  acidity  after  a  meal  was  more  naarked  and 
continued  longer  than  when  a  mixed  diet  was  eaten  (apparently  on  account 
of  the  greater  demand  for  acid  in  the  stomach) ;  and  the  acidity  did  not 
rise  quite  so  high  after  fasting,  as  with  a  mixed  diet.  On  the  other  hand, 
when  tlie  diet  was  purely  vegetahU^  the  diminution  of  the  acidity  of  the 
urine  was  never  such  as  to  render  it  absolutely  alkaline,  although  its 
acidity  was  reduced  to  tlie  point  of  neutrality ;  and  the  increase  of  its 
acidity  after  fasting  was  soniefcinjes  very  considerable,  though  by  no  means 
HO  marked  as  the  decresae  of  alkalescence. — These  diurnal  variations  ia 
the  acidity  of  the  urine  make  it  higlily  prob^ible,  that  corresponding 
variations  occur  in  the  alkalescence  of  the  blootl ;  stich  diurnal  variations 
being  produced  by  the  quantity  of  acid  aejianited  from  it,  and  poured 
into  the  etomach  for  the  purpose  of  dis&oiving  tjie  food.  The  introdyction 
of  dilute  sulphuric  acid  into  the  stomach,  even  in  large  doses,  was  not 
found  to  produce  any  decided  change  in  the  acidify  of  the  uruie ;  t!ie 
onJy  perceptible  effect  being  a  alight  diminution  of  the  decrease  which 
takes  place  after  taking  food,  and  a  slight  augmentation  of  the  increase 
after  tksting.  On  the  other  hand,  the  use  of  Uquor  [xitassffi  in  large  doses 
lessens  the  acidity  of  the  urine^  preventing  it  from  rising  after  fasting  to 
the  height  it  would  otherwise  attain,  and  increasing  its  alkalescence  after 
a  meal  \  but  it  does  not  render  the  urine  by  any  means  constantly  alka- 

*  See  prof'  t«linijum*8  ^*  Flijeiological  Cbemifitrj*  -  {QiveufHEli  Society's  ed.),  voL  ii« 
pp.  401-400. 
t  "  Fbiloi*  Transact,/*  I8i&. 
t  **  MemairB  of  Maaohester  Phil.  Society,''  135D.  §  Ihlrl. 
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line,  nor  does  it  hinder  the  variations  produced  bj  the  state  of  the  stomach 
from  being  very  evident.     Tartaric  acid  in  large  doses  temporarily  in- 
creases the  acidity  of  the  urine,  causing  it  to  rise  considerably  higher  than 
usual  after  a  fast,  but  not  preventing  that  which  is  passed  a  few  hours 
after  food  from  becoming  alJcaline.     Tartrate  of  potash  in  large  doses,  on 
the  other  hand,  has  a  marked  effect  in  rendering  the  urine  alkalescent ; 
still,  it  does  not  prevent  the  usual  recurrence  of  the  acidity  some  hours  after 
a  meal. — The  Urine  of  Herbivorous  animals  is  almost  invariably  alkaline; 
partly  because  their  food  contains  a  large  quantity  of  alkaline  and  earthy 
bases,  in  combination  with  citric,  tartaric,  oxalic,  and  other  acids,  which 
are  decomposed  within  the  system ;  and  partly  because  the  amount  of 
sulphuric  and  phosphoric  acids,  generated  as  products  of  the  oxidation 
of  the  elements  of  the  tissues  or  of  the  surplus-food,  is  not  sufficient  to 
neutralize  them.     Such  is  the  condition  which  occasions  the  alkalinity  of 
Human  Urine,  when  a  portion  of  the  acid  which  would  otherwise  show 
a  predominance  is  directed  into  another  channel ;  and  it  is  exaggerated 
in  those  states,  in  which,  either  from  the  irritating  nature  of  the  food, 
or  from  the  irritable  condition  of  the  stomach,  an  undue  quantity  of  acid 
is  poured-out  into  that  viscus ;  so  that,  its  reaction  being  habitually  acid, 
that  of  the  urine  becomes  habitually  alkaline.     Such  a  state  of  the  urine 
must  be  carefully  distinguished,  as  Dr.  Bence  Jones  has  pointed-out,* 
frx)m  that  in  which  the  alkalescence  is  due  to  the  presence  of  volatile^ 
and  not  to  that  oi  fixed  alkali ;  the  difference  being  easily  recognizable 
by  the  inHuence  of  the   liquid  upon   reddened  litmus-paper,  for   the 
restoration  of  its  blue  colour  is  permanent  in  the  latter  case,  but  only 
transitory  in  the  former.    The  alkalescence  due  to  the  presence  of  volatile 
alkali  is  due  to  the  decomposition  of  urea,  whilst  the  urine  is  yet  within 
the  bladder,  through  the  agency  of  morbid  secretions  of  that  viscus ;  and 
it  disappears  when  this  organ  returns  to  its  healthy  state.     On  the  other 
hand,  the  alkalescence  from  fixed  alkali  proceeds  from  disordered  action 
of  the  stomach,  which  is  usually  connected  with  disorder  of  the  general 
system ;  and  it  persists  until  this  can  be  remedied.     In  both  forms  of 
fdkalescence,  there  is  a  precipitation  of  earthy  phosphates ;  but  in  the 
alkalescence  from  fixed  alkali,  the  precipitate  usually  consists  almost 
entirely  of  phosphate  of  lime ;  whilst  in  that  from  volatile  alkali,  the 
amorphous  sediment  of  phosphate  of  lime  is  mingled  with  prismatic 
crystals  of  the  phosphate  of  ammonia  and  magnesia.     These  precipitates 
may  be  obtained  from  healthy  .urine,  by  adding  to  it  a  solution  of  potash 
or  of  ammonia ;  and  the  decomposition  of  such  urine,  which  begins  to 
take  place  very  soon  after  it  leaves  the  body,  gives  rise  to  the  same  precipita- 
tion, by  the  production  of  carbonate  of  ammonia  at  the  expense  of  its  urea, 
396.  Thus,  then,  we  have  seen  that  the  Kidneys  serve  as  the  special 
instnunents  for  depurating  the  Blood  of  those  highly -azotized  compounds, 
which  are  formed  in  the  system  by  the  decomposition  of  the  materials  of 
the  albuminous  and  gelatinous  tissues,  and  also  by  that  of  the  non-assi- 
milated components  of  the  food.     We  have  seen  also,  that  they  serve  for 
the  removal  of  certain  excrementitious  compounds,  of  which  carbon  is  a 
principal  ingredient ;  and  these,  although  normally  present  in  but  small 
amount,  may  undergo  a  marked  increase  in  disease,  especially  when  the 

*  "Medical  Times,"  Dec.  13,  1861. 
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Ever  m  inmiilicleutly  perform] tig  its  functioni|  or  the  mspirataiy  \ 
13  obstructed.  Further,  we  have  been  led  to  regard  the  Kidneys  ns  the 
emunctory,  not  ooly  ibr  the  auperHuous  water  of  the  bloody  but  also  for 
tho^  saline  oompoundSf  which,  having  been  introduced  into  the  sy statu 
or  generated  within  it,  in  larger  amount  than  is  compatible  with  tlie 
normal  conatitutiou  of  the  blooii^  or  tlian  is  required  for  the  reparation 
of  the  aolids  of  the  body,  or  ior  the  production  of  its  fluid  secretions,  are 
only  fitted  for  eliiaination  (§330).  On  this  point  a  very  elaborate  series 
of  r^earches  was  made  by  Wohler,*  who  showed  that  of  the  soluble  salts 
taken  into  the  circulation,  those  are  most  readily  excreted  which  produce 
a  determination  of  blood  towards  the  kidneys,  whereby  an  increas^ 
quantity  of  liquid  is  filtered-oif  through  the  outlet  which  they  aSordi 
This  statement  is  to  be  ext^snded  from  saline  oompoundii,  to  such  other 
soluble  nnitters  as  are  not  eliminated  by  preference  through  other  clmo- 
nela,  or  are  present  in  too  large  an  amotmt  to  find  their  way  out  thence 
with  KufHcient  rapidity,  as  Sugfir  and  Lactic  acid.  In  like  mminer,  too, 
the  system  makes  an  effort  to  free  itsell'  (so  to  speak)  from  various  sub- 
stances altogether  Ibreign  to  it,  which  have  been  introduced  into  the  eir- 
cuJating  current  by  absorption,  and  which  would  be  injurious  if  retained ; 
the  rate  at  which  it  does  so^  being  in  a  great  degree  dependent  upon  the 
functional  activity  of  the  Kidneys  (§§  202,  203), 

397*  It  is  a  most  important  fact,  in  a  Dietetic  and  Therapeu^c  point 
of  view,  that  the  metamorphic  process,  of  which  the  greater  part  of  the 
constituerita  of  the  urine  are  the  products,  should  be  capable  of  retai^- 
tion  or  of  acceleration  by  the  presence  of  other  substances  in  the  blood. 
The  former  appears  to  be  the  operation  of  thtinty  which  is  the  active 
principle  of  Tea  and  Coffee ;  for  according  to  the  observations  of  Dr. 
Biickert  upon  the  former,  and  of  r>r,  Julius  Lehmann  j  upon  tlie  latter,  a 
very  decided  decrease  shows  itself  in  the  amount  of  urea  and  of  phos* 
phoric  acid  excreted  in  the  lurine,  when  these  beverages  are  employed,  aa 
coni|ijired  with  the  amounts  of  the  same  substances  when  the  general 
regimen  was  as  nearly  as  possible  identical  in  other  respects,  but  plain 
water  was  substituted  as  a  drink.  The  difference  is  much  greater  in 
the  case  of  Coffee  tlian  in  that  of  Tea^  amounting  generaKy  to  as  ranch  as 
one-fourth;  thus: — 

Urfift,       Fhoiphdrid  add,  Cmnfluin  mJI, 


n.  S.t  without  eofee^  voided    .     *     .     , 
,1     witb  coffbii  from  1  ^  oi.  of  bo&aB    # 


entmmm, 
SI -298 
21^883 

9-410 


1*421 
S^OOl 

1-420 


8-819 
1-046 


It  appeared  from  other  ex|iertments,  that  neither  caffeine  nor  the  empy- 
reumatlc  oil,  separately  administered^  produce  the  same  effect  aa  coffee 
itself.  Hence  it  appears  that  the  use  of  Tea  or  Coffee,  by  retarding  tlie 
^  waste*  of  the  system,  diminishea  tlie  demand  for  food^  and  makes  a 
limited  amoimt  ol'  it  go  further ;  §  and  this  conclumon  seems  fully  borne 

•  Miillcr^B  "  ElemeDts  of  Fbyaiology,"  tmnfllated  by  Baly,  p.  539. 

f  **  Archiv  dca  Vcre'iQH  fjir  g^m^inficliftftlichea  Arbelten  mt  Pdrdenmg  der  WiBseQ* 
9chapftIich^D  Heilknnde,*'  1854, 

X  "  Annaltfo  der  Cbem,  uud  Fbarin,,*'  band  IxixviL 

§  Dr.  Ed.  Smith  (** Proceed,  of  Rflj.  Soc.,"  1S61)  foand  the  dEcrease  in  the  elimi- 
Qstif^n  of  urea  after  the  use  of  tea  (which  had  the  greatest  effe^ft)  aad  co3ee^  to  be  hut 
allghtt;  moj'ked  after  the  firat  day  or  two. 
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out  by  experience.* — The  like  results  happen,  according  to  Dr.  Bocker,f 
under  the  use  of  small  quantities  of  Alcohol  frequently  repeated ;  as 
much  as  13|  grammes  less  urea  being  excreted  daily,  when  a  tea-spoonful 
of  proof-spirit  was  taken  seven  or  eight  times  a  day,  than  when  water 
alone  was  drank.  It  does  not  hence  follow,  however,  that  Alcohol  can 
be  used  as  advantageously  for  this  purpose  as  Tea  or  CofFee ;  in  fact,  it 
may  be  doubted  whether  it  is  so  much  by  diminishing  the  *  waste'  of 
matter,  as  by  interfering  with  the  due  elimination  of  its  products,  that 
Alcohol  occasions  a  diminution  in  the  weight  of  the  urinary  solids.  For, 
although  it  does  not  appear  to  effect  any  marked  diminution,  but  rather 
an  increase  in  the  elimination  of  certain  forms  of  excrementitious 
matter  which  have  been  received  back  into  the  blood,  and  especially  of 
the  hydrocarbonaceous  products  (§  288,  vi.),  yet  very  cogent  evidence  is 
supplied  by  the  experience  of  Zymotic  diseases,  that  the  very  same  cause 
produces  an  accumulation  of  fermentible  azotized  substances  in  the 
blood  (§  52). — It  seems  not  unlikely  that  the  almost  instinctive  craving 
for  Tobacco  among  a  large  proportion  of  mankind,  arises  out  of  its  pos- 
session of  a  power  of  retarding  the  metamorphosis  of  the  tissues ;  since 
we  find  that  men,  when  supplied  with  this  article,  can  far  better 
sustain  being  put  upon  a  short  allowance  of  food,  than  when  destitute 
of  it. 

398.  Of  the  substances  that  accelerate  the  metamorphosis  of  the  tissues, 
and  thus  augment  the  solids  of  the  urine,  the  Alkalies  and  their  car- 
bonates and  Chloride  of  Sodium  are  those  whose  action  is  best  known  ; 
these  (with  such  of  their  salts  as  are  formed  by  acids  which  are  decom- 
posed in  the  blood  into  the  carbonic,  such  as  the  acetates,  tartrates,  and 
citrates)  have  a  powerful  solvent  action  on  the  albuminous  compounds 
generaUy,  and  tend  to  break-up  these  compoimds  into  simpler  forms  of 
combination.  Hence  it  seems  likely  that  their  presence  in  the  Blood  in 
increased  amount,  will  tend  to  hasten  the  retrograde  metamorphosis  of 
the  tissues ;  their  chemical  force  being  exerted,  not  merely  upon  those 
which  are  already  in  a  state  of  disintegration,  but  also  upon  those  which, 
being  disposed  to  degenerate,  cannot  exercise  that  resisting  power  which 
they  possess  when  in  a  state  of  complete  vital  activity.  The  operation 
of  Liquor  Potassce  in  health,  in  acute  rheimiatism,  and  in  chronic  dis- 
eases, has  been  carefully  studied  by  Dr.  Parkes;J  and  he  has  given 
satisfactory  evidence  that  it  causes  an  increase  in  the  solids  of  the  urine 
generally,  but  especially  in  the  urea  and  in  the  amoimt  of  the  sulphuric 
and  phosphoric  acids  ;  thus  clearly  showing  that  it  hastens  the  me- 
tamorphosis of  some  of  the  albuminous  structures  of  the  body.  The 
increase  was  more  marked,  as  might  be  expected  from  what  has 
been  just  stated,  in  the  cases  of  chronic  disease,  than  in  ordi- 
nary health.  The  following  comparative  Tables  show  the  relative 
amounts  before,  during,  and  afler,  the  employment  of  liquor  po- 
tass®, in  (i.)  a  case  of  chronic  Eczema,  and  (ii.)  a  case  of  chronic 
Phthisis : — 

^  Voit,  from  experiments  with  coffpe  on  a  dog,  was  led  to  a  different  result ;  and  con- 
aiders  that  this  sabstance  possesses  bat  little  influence  on  the  excretion  of  nrea.  See 
Henle  and  Meiasner,  "  Bericht,''  1860,  p.  347. 

t  Op.  dt.,  1858. 

J  "  Brit,  and  For.  Med.-Chir.  Review,"  vols,  xi.,  xiii.,  xiv. 
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h  aatd*.  Urta.  Acid.  JfuT, 

Ikfona  Liq*  Fot.     .     ,    .    .     e»0"l  371-5  29*2  10^6 

During  ,.,,.,,     ess-e  454-5  33*5  15'4 

After     . ear -2  372-8  21*0  iO*» 

n. 

Before  Liq.  Pot.    ....     60a'-2  36S-@  13*6  @'9 

Buriag  , 781 7  408*5  20  &  14*5 

After     *.-.,.,     643-9  271*6  16  "9  &-T 

A  sitriilar  Table  has  ]>eeii  givco  by  Dr.  Golding  Bircl»*  of  the  ontlro  cr>ii* 
stiitieiita  of  the  secretion  passed  during  24  hourn,  betWo  and  tiller  th^ 
ndminigtration  of  tliree  dradinia  of  acetate  of  ]jotaah  : — 

Bafbrt  Medkime.  AJttr  M*diei^, 
Quantity  of  tJrmo  ,     ,     .     .     .     fl  5  %v\.  fl  5  xivi. 

SyeciJie  Gmvily     ,     ,     .     .     .         1025  I'OlT 

TolalSolldfi 416  grs.  7B2  grs. 

Uric  Add ,  2*6  gn,  5"5 

Ur^     ...,..,,  130-5  „  202*4 

Qth«r  Orgame  Compounds  .     *  189*3  ,,  295*5 

Soluble  Suits   ......  72-0  „  24S*4 

luikPluble  Salts     .....  21-3  „  322 

The  ittcrcage  (17(>'4  grains)  in  the  quautitj'  of  'soluble  salts,'  is  to  lio 
chiefly  set-down  to  the  accour^t  of  the  medicine  taken -in;  but  the  irhole 
remainder  of  the  augmentation  se^ns  fisiirly  attril>utuble  to  the  incre^ist'd 
metamorplioaia,— It  does  not  appear,  however,  that  the  exL*retion  of  the 
urinary  solids  is  augmented  by  tliose  '■  diuretic*  medicineSj  whicli  cause  li 
larger  amount  of  liquid  to  be  passed-ofT  through  the  Kidneys,  merely  by 
determining  an  increased  ilow  of  lilood  to  them*  On  the  coritmry,  it 
would  seem  aa  if,  by  producing  congestion  and  irritation,  tliey  sometimes 
interfere  with  the  normal  process  of  aecretion ;  so  that  tlie  qujintity  of 
solid  constittients  is  actuaUy  decreaaed,  notwithstantling  the  large  aug- 
mentation in  the  watery  part  of  the  urine*  This  very  importjint  fjict 
has  been  demonstrated  by  Prof»  Krahmer,^  who  gives  the  followjug  aftj 
the  result  of  bia  observationa  upoo  the  amoimts  excreted  in  24  houra^l 
aAer  the  admimstratiou  of  diuretics  to  persons  in  healtli ; — 

Total  Solid*  Organic  Jiiorgmnf 

Noae 2*40  qz,  1*2S  ok.  1-13  os. 

Jumper 2*12  „  0&4  ,,  1  IS  ,» 

Venice  Turpentine      .  1'04  „  1"11  »,  0-83,^ 

Squill 2-25  „  1*04  „  l'2l  „ 

DigjtAlia     ....  2^45  „  1^28  „  1*17  ,, 

GunlJicum  .     ,     .    .  2'43  „  1*38  „  1-06  ,, 

Colchicum   ....  2*32  „  1-36  „  0*96  „ 

Similar  results  have  been  obtained  by  Dr.  Ckvlding  Bird. — It  seems  liighly 
probable  that  the  *  critical  evacuations*  of  urine^  as  of  sweat,  or  iiecii] 
matterj  on  whicli  the  older  physicians  were  accuatomed  to  lay  great  streM, 
are  really  charged  with  noxious  subBtancea,  of  which  the  blood  is  thus 
depiurated ;  and  that  great  benefit  would  frequently  arise  in  practice  from 
the  use  of  the  *  alterative  diuretics/  as  suggested  by  Dr.  G*  Bird,  where 
(as  in  chronic  rheumatism,  gout,  &c.)  there  Is  reason  to  believe  that  a 
quantity  of  ma! -assimilated  matter  exists  in   the  system,  of  which  it  is 

*  Soe  hiB  '  Lectures  od  the  luflueuoe  of  Hesaarchea  in  Orgwiie  CljeBQiwtry  oa  Ther»- 
petttics,*  in  ''Mcaical  Qax&ti£,''  1818;  vnl  !cliL  p,  230. 
t  "flelJer^f  Archjv;^  Dec.  1847. 
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secretions, — as  the  Sebaceous, 
Fio.  87. 


'Mm-' 


important  to  get-rid.  In  many  such  cases,  indeed,  clinical  observation 
had  already  established  the  benefit  derivable  from  such  medicines,  with- 
out afiEordmg  the  rationale  of  it. 

4.  Of  the  Skin ; — Cutaneous  Transpiration, 

399.  The  Skin  is  the  seat  of  various 
Ceruminous,  and  Odoriferous, — ^for  each 
of  which  it  is  provided  with  special  organs ; 
but  these  have  reference  chiefly  to  its  own 
protection,  or  to  some  other  local  pur- 
pose ;  and  the  only  one  which  can  be  re- 
garded as  truly  excrementitious,  is  the 
Transpiration  of  aqueous  fluid,  holding 
certain  matters  in  solution.  The  elimi- 
nation of  this  fluid  from  the  blood  is 
efEected  by  the  Sudoriparous  glandules 
(Pig.  87),  which  essentially  consist  of 
long  convoluted  tubes  (a,  a),  rarely  single, 
but  usually  multiplied  by  repeated  dicho- 
tomous  subdivision  (5),  sometimes  also 
giving-off  short  c®cal  processes  before 
their  termination.  These  are  seated  rather 
beneath  the  Corium,  in  the  midst  of  the 
subcutaneous  adipose  tissue,  than  in  the 
substance  of  the  ^n  itself.  All  the  tu- 
buli  of  each  gland  unite  so  as  to  form  but 
one  duct;  and  this  passes  upwards  through 
the  Cutis  and  Cuticle,  in  a  somewhat 
corkscrew-like  manner  (c),  to  open  upon 
the  surface  of  the  latter  (d),  which  it 
usually  reaches  obliquely,  so  that  the 
outer  layer  of  the  Epidermis  forms  a  sort 
of  little  valve,  whicJi  is  lifted  by  the  se- 
creted fluid  as  it  issues  forth.  These 
glanduls  are  diffused  in  varying  propor- 
tions over  the  entire  surface  of  the  body. 
According  to  Mr.  Erasmus  Wilson,*  as 
many  as  3528  of  them  exist  in  a  square 
inch  of  surface  on  the  palm  of  the  hand  ; 
and  since  every  tube,  when  straightened- 
out,  is  about  a  quarter  of  an  inch  in 
length,  it  follows  that,  in  a  square  inch  of 
skin  from  the  palm  of  the  hand,  there  exists 
a  length  of  tube  equal  to  882  inches,  or  73  ^ 
feet.  The  number  of  glandulce  in  other 
parts  of  the  Skin  is  sometimes  greater,  but 
IS  generally  less  than  this ;  and,  accord- 
ing to  Mr.  Wilson,  about  2800  may  be 
taken  as  the  average  number  of  pores 


Sudoriparous  GUxnd  from  the  palm  of 
the  hand,  magnified  40  diam. : — a,  a,  con- 
torted tubes,  composing  the  gland,  and 
uniting  in  two  excretory  ducts,  6, 6,  which 
unite  into  one  spiral  canal  that  perforates 
the  epidermis  at  e,  and  opens  on  its  sur* 
face  at  d ;  the  gland  is  imbedded  in  &t* 
Tesicles,  which  are  seen  at  <*,  e. 


''On  the  MaDagemeut  of  the  Skin/*  3rd  edit.  p.  37. 
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in  eacli  scjuare  inch  througJiout  tlic  b<xiy.     Now  the  number  of  sqiiare 
incbea  of  surlkce,  in  a  man  oi'  ordinary  Btature,  ia  about  2500  ;  tlie  tcital 
ttiunbeT  of  pores,  therefore,  may  be  about  sepen  miUions;  and  the  length  of 
the  perspiratory  tubing  would  thus  he  1,570,000  inches,  or  nearly  28  miles, 
400.  Altbough  a  separation  of  iiuid  by  this  extensive  glandular  appa* 
ratu^  IB  coiitimiaUy  taking-place,  yet  this  fluid,  being  usually  carried'olf 
in  the  forni  of  vapour  as  fust  as  it  is  separated,  does  not  ordinarily  accu- 
mulate BO  as  to  become  aeusible.     If,  however,  from  the  increaBcJ  amount 
of  the  iecretion,  or  from  the  condition  of  the  siurounding  air,  the  whole 
fluid  thus  poiired-out  should  not  evaporate,  the  residue  fanuB  minute 
drops  upon  the  suHaca  of  the  akin.     Thus  tljc  Sudoriparous  excretion 
may  take  the  form  either  of  aenstble  or  of  in^senstbie  transpiration ;   tlie 
latter  being  constant,  the  former  occasional     "Wlien  collected  in  the  Huid 
state,  sweat  is  a  col  our  less  liquid,  possessing  a  peculiar  odour  according 
to  the  part  of  the  skin  frojn  winch  it  is  obtained,  and  more  or  less  turbid 
from  the  presence  of  sebaceous  matter  and  epidermai  scales,  which  consti- 
tute from  0*2  to  0*3  per  cent  of  the  whole  amount  of  tbe  excretion.     Its 
reaction  is  usually  acid,  though  GUlibort  and  Favre  found  that  after  pro- 
tracted sweating  it  became  neutral  or  even  alkaline-     Its  acidity  appefirs 
to  be  due  to  the  presence  of  certain  volatile  acids,  as  the  acetic,  but^-ric, 
and  formic ;  to  wliich,  and  possibly  to  the  metacetonic  and  capric  acids, 
we  are  probably  to  attribute  the  sour  smell  which  it  poa&esses  in  some  dis* 
ordered  states  of  the  system*    The  substances  which  have  been  found  to 
constamt  constituents  of  tlie  sweat  are,  water,  fat,  various  volatile  fatty  acii 
in  addition  to  those  already  mentioned,  urea  and  inor^ganic  salts,  amongst 
the  chief  of  wliich  are  the  chlorides  of  sodium  and  jiotafisimn,  the  alkalina 
phosphates  and  sulphates,  the  earthy  phosphates,  and  iron.     That  it  Is  a 
true  secretion,  and  not  a  mere  transudate,  is  shown  by  the  entire  absence 
of  albumen.     Other  constituents  of  the  sweat,  whose  presence  is  not  con* 
etant,  or  the  nature  of  which  has  not  been  satisfactorily  determined,  are, 
die  B^ts  of  ammonia,  of  lactic  acidj  and  of  the  hydrotic  acid  of  Favre,  and 
cert-iin  pigmentary  substances  of  various  shades.     In  diseasej  uric  acidf 
grape-sugar,  albumen,  and  biliary  colouring  matters^  have  been  found ;  and 
when  taken  with  the  food,  benzoic  acid  (partly  converted  into  hippuric), 
succinic,  cinnamiCj  and  tartaric  acids,  witli  iodine  and  iodide  of  potassiuTOj 
have  been  recovered  in  the  sweat.    Funke  cidculates  that  about  1 1  grains 
of  nitrogen  are  daily  eliminated  by  the  skin  tlirougli  the  desquamation  of 
the  epithelial  scales.  He  also  found  urea  (the  presence  of  which  was  first 
observed  in  the  sweat  by  Dr.  Landerer*)  to  be  a  constant  constituent.    In 
one  experiment,  the  entire  quantity  of  perspiration  ibr  tlie  whole  body  for 
1  hour,  being  3320  grains,  6^  grains  were  found  to  be  present.     If  the 
secretion  had  continued  at  the  same  rate  for  24  hours,   157  J  grains  of 
ureii  would  have  been  eliminated,   containing  73^  grains  of  nitrogen. 
Under  ordinary  ctrcumstancesj  however,  it  is  probable  that  a  very  mtieb 
smaller  quantity  is  thus  cUminated.     From  the  general  uniformity  in  the 
proportion  of  sohds  to  100  parts  of  swo-at,  observed  by  Funke,  it  is  obvi- 
ous that,  with  an  increase  in  rfie  quantity  of  fluid  excreted  by  the  skm^ 
there  is  also  an  augmented  excretion  of  solids;  and  to  the  deficiency 
which  is  thus  produced  in  the  salts  of  the  blood  may  be  partly  assigned 
the  debilitating  effects  of  profuse  perspirations.     Other  causes,  however^ 
♦  "  Heller^i  ArchiF,"  Uad  if.  p.  196, 
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probably  concur  in  producing  those  effects.  Thus  the  great  fatigue  which 
is  experienced  as  a  consequence  of  muscular  exertion  in  a  heated  atmo- 
sphere, may  fairly  be  set  down  to  the  diminished  activity  of  the  respira- 
tory process  at  high  temperatures  (§  316,  i.),  and  the  colliquative  sweating 
of  hectic  fever  is  obviously  not  a  cause  but  a  consequence  of,  though  it 
may  also  react  upon  and  increase,  the  debilitated  state  of  the  general  system. 
The  proportion  of  solid  matter  contained  in  different  specimens  differs  very 
greatly;  thus,  according  to  Anselmino,  it  varies  between  5  and  12*5  parts 
in  1000 ;  the  observations  of  Favre*  give  4*43  parts  per  1000  as  the 
proportion  contained  in  nearly  nine  gallons  which  he  had  collected ; 
whUst  those  of  Schottinf  raise  it  as  high  as  22*4  parts  per  1000,  of  which, 
however,  12  parts  consisted  of  epithelium  and  insoluble  matters. 

401.  The  entire  amount  of  fluid  which  is  *  insensibly'  lost  from  the 
Cutaneous  and  Pulmonary  surfaces  was  estimated  by  Seguin  at  18  grains 
per  minute ;  of  which  11  grains  pass-off  by  the  skin,  and  7  by  the  lungs. 
Funke,}  with  two  students,  made  numerous  experiments  upon  the  amoimt 
and  characters  of  the  Sweat  secreted  from  the  hand  and  forearm  imder 
different  circumstances.  In  these  experiments  the  arm  was  enclosed  in  a 
caoutchouc  bag,  and  each  experiment  lasted  for  one  or  two  hours.  It 
was  found  that  the  largest  quantity  of  sweat  obtained  from  the  forearm 
and  hand  under  favourable  circumstances,  in  1  hour,  was  740  grains, 
which  would,  in  24  hours,  supposing  the  secretion  to  continue  at  the  same 
rate,  amount  to  about  2  J  lbs.  But,  from  accurate  measurements,  Fimke 
ascertained  that  the  ratio  of  the  superficies  of  the  forearm  and  hand  to  that 
of  the  body  generally  was  as  1 :  1 7 ;  so  that  if  the  perspiration  took  place 
continuously  and  at  the  same  rate  from  the  whole  surface  of  the  body, 
upwards  of  42  lbs.  might  be  discharged  in  24  hours.  On  the  other  hand, 
the  minimum  quantity  excreted  by  the  hand  and  forearm  was  48  grains  per 
hour,  which  would  amount  to  1152  grains  in  24  hoiu^,  and  this,  multi- 
plied by  17,  would  give  2|  lbs.  for  the  amount  eliminated  from  the  whole 
body  in  24  hours.  It  was  foimd,  however,  that  different  regions  of  the 
body  gave-off,  in  proportion  to  their  surface,  very  different  quantities  of 
fluid :  thus,  in  no  instance  was  the  amoimt  discharged  by  the  leg  equal  to 
that  given-off  by  the  arm.  Moreover,  the  three  experimenters  ftimished 
very  different  proportions  of  sweat  imder  the  same  circumstances :  thus, 
with  active  exercise  in  the  sim,  the  proportion  between  them  was  as 
1 :  2*3  :  4*4,  and  in  another  experiment  as  1 :  1*7  :  2*06.  Funke 
draws  the  conclusion  from  his  experiments,  that  the  entire  amount  of  per- 
spiration from  the  whole  body  may  fluctuate  from  about  2  oimces  (819 
grains)  to  about  29  oimces  (12,588  grains)  per  hour,  the  quantity  of  solid 
residue  varying  from  14*25  to  107*57  grains  per  hour.  It  is  diflicult  to 
give  an  average  for  the  24  hours  when  the  variations  are  so  great;  but  it 
may,  perhaps,  be  estimated  at  about  2  lbs.,  the  exhalation  of  aqueous  vapour 
by  the  lungs  being  rather  less  than  1  lb.  (§  293).  An  interesting  series 
of  observations  has  recently  been  published  by  Dr.  Victor  Weyrich§  upon 

♦  "Archives  G6n6r.  de  M6d.,"  1853,  5me  S6r.,  torn.  ii.  pp.  1-12. 

t  "  Archiv  fttr  Physiol.  Heilkunde,"  band  ii.  pp.  73-104. 

t  "  Beitr&ge  zor  Eenntniss  der  Schweiss  Secretion ;"  Moleschott^s  **  Untersuchnngen 
inr  Naturlehre,"  a.  b.  w.  iv.  p.  36. 

§  "  Die  nnmerkliche  Wasserwerdunstang  der  Menschlichen  Haut ;"  Leipzig,  1862. 
See  Abatract  in  "  Med.-Chir.  BeT./'  1863,  vol.  ii.  p.  359. 
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the  relative  amounts  of  insensible  perapiration  under  diiTerGnt  condidona. 
The  instrument  he  employed  was  a  modification  of  DonielFs  hygrometer; 
and  liis  exp^ments  extended  over  more  than  a  year.  He  found  tJiat  varia- 
tions of  tempeTature  between  55^  and  70''  F.  produced  little  effb^t;  but 
every  T  C,  {  =  1J°F.)  above  70*  F.  occasioned  an  increaae  of  2  per  cent 
in  the  total  amount  of  vapour  exhaled,  and  for  every  1°  C.  below  65°  F. 
there  was  a  diminution  of  from  1  to  1^  per  cent.  He  observed  that  the 
afiecta  of  the  relative  moisture  of  the  air  were  in  great  meiaure  concealed 
by  variations  in  temperature ;  so  that  the  highest  averages  of  insensible 
perspiration  occurred,  not  with  the  lowest,  but  with  moderate  amounts  of 
moisture  in  the  air.  The  minimum  amount  of  perapi ration  always  occurred 
on  rising  in  the  morning,  being  then  25  per  cent  below  the  average.  The 
maximum  amount  was  elirainated  at  noon,  when  it  rose  to  52  above  the 
minimum.  Food  invariably  increased  the  cutjmeous  transpiration,  coffee 
and  tea  having  a  particularly  powerful  influence.  The  increase  oconrred 
soonest  after  breakfast,  but  was  greatest  and  most  permanent  afler  dinner. 
Moderate  mnscular  or  mental  exertion  aOghtly  increased  the  amount  of 
[lerajjiration,  but  fatigue  and  exbanBtion  produced  a  conaiderable  diecareBse. 
Violent  muscular  efibrt  raised  it  to  77  per  cent  above  the  mean ;  se- 
vere intellectual  labour,  42  per  cent.  During  sweating,  the  rise  was 
equal  to  116  per  cent  over  the  mean,  but  after  sweating  it  fell  even 
to  26  per  cent  below  the  mean*  It  varies  greatly^  according  to  the 
conditions  of  the  atmosphere,  and  that  of  tiie  body  it^eh',  in  resj>ect 
to  exjiositrCi  food,  e3;erci8e,  and  activity  of  otl^er  secretions ;  and 
these  variations,  as  we  shall  hereafler  see  (§  408),  have  a  most  im* 
portant  share  in  the  regulation  of  the  temp^ature  of  the  body.^ — ^The 
whole  amount  of  Cutaneous  transpiratioii,  ^  sensible^  and  ^  inaeuslble,* 
is  greatly  increased  by  heat  and  dr)iiess  of  the  surrounding  air  \  for  ibo 
heat  occasions  the  determination  of  an  augmented  amount  of  blood  to  tho 
cutaneous  vegacis  \  and  of  the  fluid  which  thus  tranmidea,  a  large  portion 
is  carried -off  in  the  state  of  vapour.  The  more  tho  heated  atmosphere  m 
already  charged  with  watery  vapour,  the  smaller  will  be  the  proportion 
of  the  transuded  fluid  that  will  thus  *  insensibly^  pass  away ;  and  the 
more  wiQ  accumulate  us  *  sensible'  perspiration.  Exact  obaervationa  on 
this  jjoint,  however,  are  much  %vanting,  in  which  not  merely  the  tempera- 
ture, hnt  the  hygrometrie  state  of  tho  air  should  be  precisely  determined  j 
the  best  hitherto  recorded  being  tliose  made  by  Dr,  South  wood  HmitJi*  at 
the  Phoenix  Gas  Works,  in  wliich  the  former  element  only  was  carefidly 
noted.  These  observations  were  made  upon  eight  of  the  workmen  em- 
ployed in  *  drawing'  and  *  charging'  the  retorts  and  in  making-np  the 
Hies,  during  which  they  are  exposed  to  intense  heatj  the  men  were  accu- 
rately weighed  in  their  clothes,  immediately  before  they  began,  and  ailer 
they  had  Bniahed  their  work  ;  and  in  the  interval  between  the  first  and 
second  weighings,  they  were  not  allowed  to  partake  of  any  solid  or  liquid 
ingest  ft  ^  nor  to  {lart  with  urine  or  fajces. 

Experiment  L  Nov,  18,  18SG.  Day  bright  and  clear.  Temperature 
of  the  air  in  w^hlch  the  men  worked,  60°  Fahr,  Barometer  29 '25  in.  to 
29'4  in.  Duration  of  Jahour,  45  minutes, — ^Average  loss  of  weight, 
3  lbs,  6  oz, ;  nuiximura,  4  lbs,  3  oz, ;  minimum,  2  lbs,  8  oz* 

•  "  Pbilofii-ijbj  uf  ll^lllj/*  rol.  0.  ppn  391-300. 
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Experiment  11.  Nov.  25, 1836.  Day  foggy,  with  scarcely  any  wind. 
Temperature  of  the  air,  39**  Fahr.  Barometer  29*8.  Duration  of  labour, 
75  minutes. — ^Average  loss  of  weight,  2  lbs.  2  oz. ;  maximum,  2  lbs.  15  oz. ; 
minimimi,  14  oz. 

Experiment  III.  Jime  3,  1837.  Day  exceedingly  bright  and  clear, 
with  little  wind.  Temperature  of  the  air,  60**.  Duration  of  labour, 
60  minutes. — Average  loss  of  weight,  2  lbs.  8  oz. ;  maximum,  3  lbs. ; 
minimmn,  2  lbs. 

Experiment  IV.  On  the  same  day,  two  other  men  worked  in  an 
unusually  hot  place  for  70  minutes ;  the  loss  of  weight  of  one  of  these 
was  4  lbs.  14  oz. ;  and  of  the  other  5  lbs.  2  oz. 

Although  the  individuals  subjected  to  these  experiments  were  not  in  aD 
instances  the  same,  yet  there  was  enough  of  identity  among  them,  to 
admit  of  the  certain  inference,  that  the  amount  of  fluid  lost  must  be  in- 
fluenced by  the  state  of  the  individual  system,  as  well  as  by  that  of  the 
surrounding  medium.  Thus  in  the  second  experiment,  Michael  Griffiths 
lost  2  lbs.  6  oz.,  and  Charles  Cahell  2  lbs.  15  oz. ;  whilst  in  the  third, 
Michael  Griffiths  lost  3  lbs.,  and  Charles  Cahell  only  2  lbs.  It  is  pro- 
bable that  the  amoimt  of  liquid  ingested  not  long  previously,  might  have 
a  considerable  influence  on  the  quantity  lost  by  transpiration  under  such 
circumstances. 

402.  That  the  Cutaneous  excretion  is  to  a  certain  extent  vicarious  with 
the  Urinary,  in  regard  to  the  amoimt  of  fluid  eliminated,  has  been  gene- 
rally admitted,  and  is  probably  true ;  but  the  observations  of  Wejrrich 
have  shown  that  under  similar  conditions,  avoiding  extremes,  both 
excretions  rise  and  fall  together,  and  that,  consequently,  no  deductions  can 
be  drawn  as  to  the  amoimt  of  perspiration  given-ofl*  from  any  estimates 
of  the  volume  of  urine  discharged.  We  must  not  disregard  the  circum- 
stance, however,  that  these  two  excretions  are  to  a  certain  extent  vicarious, 
in  regard  to  the  elimination  of  the  products  of  the  *  waste'  of  the  system.  The 
share  which  the  Skin  has  in  this  office  has  probably  been  generally  under- 
rated. As  we  have  seen  (§  400),  there  is  reason  to  believe  that  at  least  100 
grains  of  azotized  matter  are  excreted  ifrom  it  daily ;  and  any  cause  which 
checks  this  excretion  must  throw  additional  labour  on  the  kidneys,  and  will 
be  likely  to  produce  disorder  of  their  function. — From  the  experiments  of 
Scharling  and  Hannover,  it  would  appear  that  the  proportion  of  Carbonic 
acid  eliminated  by  the  Skin  is  to  that  discharged  by  the  Lungs  as  1 :  38. 
— ^The  secreting  action  of  the  Skin  is  influenced  by  general  conditions  of 
the  vascular  and  nervous  systems,  which  are  as  yet  ill  understood.  It  is 
quite  certain,  however,  that  through  the  influence  of  the  latter  the  secretion 
may  be  excited  or  suspended ;  this  is  seen  on  the  one  hand  in  the  state 
of  syncope,  and  in  the  effects  of  depressing  emotions,  especially  fear,  and 
its  more  aggravated  condition,  terror ;  and  on  the  other,  in  the  dry  con- 
dition of  the  skin  during  states  of  high  nervous  excitement.  It  is  very 
probable  that,  in  many  forms  of  fever,  the  suppression  of  the  perspiration 
is  a  cause,  rather  than  an  effect,  of  disordered  vascular  action ;  for  there 
are  several  morbid  conditions  of  large  parts  of  the  surface,  in  which  the 
suppression  of  the  transpiration  appears  to  be  one  of  the  chief  sources  of 
danger,  having  a  tendency  to  produce  congestion  and  inflammation  of 
internal  organs.     From  the  experiments  of  Dr.  Fourcault,  which  have 
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been  confirmed  hy  Yalentln^*  it  apfieare  tlmt  complete  sappresaion  of  the 
persinratioii  in  miimals,  by  meajis  of  a  yormsh  applied  over  the  akin,  gives 
riae  to  &  state  termed  by  Mm  ^  cutaneous  aephyxia;*  wliieh  is  marked  bj 
imperfect  arterialization  of  the  bttiod,  and  considerable  fall  of  tempera- 
ture; and  i^hidi,  as  It  firoduces  death  in  the  lower  auimab,  would! 
probably  do  the  same  In  Mun.  A  partinL  Buppresdon  by  the  same  meanni 
gives  rise  to  febrile  symptoms,  and  to  albuminnria. j"  In  Valentin's  exp 
rimenta  it  was  fouiid  that  removal  to  a  room  of  high  temperature  (71°  to 
lOi'^  Fahr/J  was  followed  by  Temarkable  temporary  improvement  in  tbe 
condition  of  tlie  aniraalsj  sensibility  and  voluntary  motor  power  being^J 
reacquired,  aud  in  some  instances  food  being  taken.  Death,  however, 
always  ultimately  occurred, — There  can  be  no  doubt  whatever,  that  im- 
perfect  action  of  tlie  Cutaneous  glandid*,  consequent  upon  inactive  habits 
of  life  and  want  of  ablutionj  is  a  very  frequent  source  of  diaorder  of  tJie 
general  ffj^stem^  occasioning  the  accumulation  of  that  decomposing  orgnnje 
matter  in  the  blood,  which  it  is  the  qiecial  oMce  of  these  glEnduJaj  to 
eliminate.  Hence  the  due  maintenance  of  health  requires  that  tlus  ex- 
cretion should  be  promoted  by  the  use  of  the  natural  and  appropriate 
means  just  referred- to ;  and  this  is  tlie  more  necesaary,  when  from  any 
i^ufie  the  ftinction  of  the  kiflneys  is  im perfectly  performed.  There  araJ 
nmny  diseased  states,  moreover,  in  which  there  appears  to  be  a  s]>ecial 
det,ermination  of  the  materies  morhi  to  the  Skin ;  and  in  which,  therefore, 
the  use  of  means  that  jiromotc  the  cutaneous  excretion  constitlit^  the 
most  efBcient  method  of  eliminating  it  from  the  blood. | 


CHAPTER  X, 

EVOLUTION   OF   HEAT,    LIGHT,    AND    ELICTRICITY. 

1,   General  Cofisiderations^ 

403.  The  series  of  Nutritive  operations  which  has  now  been  passed  hi 
review,  has  been  shown  to  consist  in  the  continual  appropriation,  by  the 
Animal  organism,  of  certain  *  organic  conjpounds'  or  'alimentary  mate* 
riala,^  which  have  Vioen  generated  ibr  it-s  use  by  Plants ;  and  in  the  con- 
stant restoration  of  tlieir  elements  to  the  Inorganic  world,  either  in  the 

•  "ArchiT  fiir  Phyaiolog.  Hellk./'  band  ii.  1868,  p.  433. 

f  Sec  hh  imporUiit  Treatise,  "  Cnusc^  lj6Deralcs  ties  MaladieB  ChroJiiquea,'*  &&, 
1B44  ;  and  "  Brit,  arnl  F«ir,  Med.  Rev,/'  toI,  jex.  pp,  10J5-10y. 

4;  The  praclJcal  yalue  of  octiTe  diHph  uresis  ia  matij  febnle  dlieuefl,  k  well  tioder- 
eiiiXKl  by  tlj0  native  practitioners  uDiaog  the  Negn^ea  of  the  Gaiiiea  Coa^t ;  wha^  accord*  I 
itig  Uj  Dr.  Dauiell  (^"AfedicaJ  Tepogiapkjf  and  Native  DI»cju«s  of  the  tfulf  of  Gumea," 
pp.  llQ-2Q}f  mako  uue  of  tt  moat  «t)eoeesfal!y  m  the  treatmeiit  of  adyuaioie  retnitt^ml 
ieyerB.  I>r.  Baiiii^^  trtatcs  tbat  havhig  hiDieelf  heA  abtiadant  experieuee  of  itii  eflteti^jf, 
ho  litkfi  no  doiiht  of  ita  snpcrloritjr  in  the&a  caeee  tu  the  ortlioarj  practice  of  venea^tioji, 
aaline  purgatives,  Urge  dvmcti  uf  calomel,  kc,  Aud  he  huft  repeatedly  irtated  that  ORd 
groat  sucret  uf  preaerviag  health  in  tropical  climates,  Im  ia  due  attentioa  to  tb« 
cotaneotLB  fimutioiifi. 
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very  same  forms  of  combination  in  which  they  originally  existed  there, 
or  as  products  of  incipient  decay,  by  whose  further  decomposition  those 
simple  binary  compounds  will  be  reproduced.  And  thus,  so  &r  as  the 
material  components  of  the  Organic  Creation  are  concerned,  the  agency 
of  V^etable  life  is  concerned  in  withdrawing  them  from  the  Mineral 
world,  and  that  of  Animal  life  in  returning  ijiem  to  it,  afler  they  have 
served  their  purpose  in  the  living  structure.  But  if  we  examine  into  the 
source  of  those  active  powers  or  *  forces,*  on  whose  operation  every  change, 
no  less  in  the  organized  body,  than  in  what  is  commonly  designated  as 
'inert*  matter,  is  dependent,  we  shall  find  that  they  are  all  traceable  to 
the  solar  radiations.  It  is  by  the  action  of  the  Light  and  Heat  of  the 
Sim  upon  the  Vegetable  germ,  that  it  is  enabled  to  exercise  its  wonderful 
transforming  capacity,  whereby  it  extracts  carbon,  hydrogen,  nitrogen, 
and  oxygen,  from  the  carbonic  acid,  water,  and  ammonia  furnished  by  the 
atmosphere  or  the  soil ;  and  that  it  converts  these  into  the  albiuninous, 
saccharine,  and  oleaginous  compounds,  which  are  the  destined  food  of 
Animals.  And  it  is  under  the  influence  of  Heat  chiefly  derived  from  the 
same  source,  that  the  greater  number  of  tribes  of  Animab  are  enabled 
to  apply  these  compoimds  to  the  purposes  of  organization ;  and  that, 
through  the  pecidiar  instnunents  thus  constructed,  those  various  kinds 
of  Vital  Force  are  evolved,  whose  operations  are  so  different  from  any 
which  we  witness  in  the  Inorganic  world.  Accordingly  we  observe  that 
the  *  rate  of  life'  in  this  larger  proportion  of  the  Animal  kingdom,  is 
r^ulated,  as  in  Plants,  by  the  amount  of  Heat  supplied  to  the  organism 
fix)m  external  sources;  and  that,  when  the  external  temperatiure  is 
reduced  below  a  certain  point,  there  is  an  entire  cessation  of  all  vital 
activity.  But  there  are  certain  tribes,  especially  Birds  and  Mammals, 
which  possess  the  power  of  generating  Heat  within  themselves,  to  such  a 
degree  as  to  render  the  rate  of  their  vital  processes  almost  entirely  inde- 
pendent of  external  influences ;  and  there  is  probably  no  one  species  that 
can  exercise  this  power  more  effectually,  and  through  a  greater  range  of 
external  conditions,  than  Man  is  able  to  do.  Of  this  we  shall  presently 
have  evidence. — The  evolution  of  Light,  again,  is  by  no  means  an  unusual 
phenomenon  among  the  lower  tribes  of  Animals ;  but  where  it  does  occur, 
it  usually  appears  to  have  some  special  piupose,  as  is  obvious  enough  in 
the  case  of  the  glow-worm  and  other  liuninous  Insects.  But  the  lumi- 
nosity which  is  occasionally  exhibited  in  Man  must  be  regarded  as  an 
altogether  abnormal  phenomenon,  whose  physiological  interest  arises  out 
of  the  peculiarity  of  the  circumstances  imder  which  it  presents  itself. 
— Of  the  degree  in  which  Electriciti/  is  generated  in  the  living  body,  we 
know  comparatively  little.  There  can  be  no  doubt  that  a  distiurbance 
of  Electric  polarity  takes  place  in  every  action  of  Organic  as  well  as 
of  Inorganic  Chemistry ;  and  thus  that  every  molecular  change  in  the 
Animal  as  well  as  in  the  V^etable  organism  must  involve  an  alteration 
in  its  electric  condition.  But  it  would  seem  that  in  the  Animal  body 
generally,  these  alterations  are  made  to  balance  each  other  so  exactly,  that 
no  considerable  disturbance  of  the  electric  equilibrium  ordinarily  takes 
place  in  the  organism  as  a  whole ;  and  it  is  only  in  certain  peculiar  cases 
(as  in  the  Electric  Fislies)  that  a  provision  exists  for  the  generation  of 
Electricity  in  considerable  amount  and  intensity,  with  a  view  to  some 
special  purpose.     In  the  Human  subject,  however,  an  extraordinary  pro- 
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tluction  of  free  Electa*ieity,  aa  of  Light,  occasioimlly  pr^senta  itsolf ;  and 
this^  taken  in  coTiiaection  with  other  evidence,  woultl  Heem  rathesr  to  ijj<li- 
mte  a  dej>arturo  from  the  balance  usually  maintained  between  tlie  opf^usite 
electrical  change®  continually  taking  place,  than  to  Ije  due  to  the  mtro- 
daction  of  any  extraordinary  sources  of  electric  diaturbanoe* 

2*  Evolution  G/HmL 

404*  AH  the  vital  actions  of  die  body  of  Maa^  aa  of  that  of  *  warm- 
blooded *  aniniiils  generally,  require  an  elevated  tem|>erature  as  a  ctmdition 
of  their  pertbrmance ;  and  the  high  degree  of  constancy  and  re^darity 
whicli  is  observable  in  tliese  actions,  appears  to  depend  in  great  degree 
Ufion  t!ie  provision  whicb  tiie  organism  contains  witiiin  itstdf,  for  the 
maintenance  of  tliat  temj^eratiire  nt  a  fixed  standard.  This  const-nrj  ry 
and  regularity  are  most  reaiarkably  exhibited  iti  the  various  period  a  *d 
changBS  to  which  the  body  ia  subject  both  in  health  and  in  disease  \  die 
uniformity  of  whose  recurrence  is  flue  to  a  corra'^ponding  uniJornii^  in 
the  rate  of  vital  action  taking  place  in  the  intervid.  Thus,  aa  will  b© 
diown  hereafter,  the  period  of  partujition  is  in  great  degree  determined 
by  the  maturation  of  the  f<Etal  structures ;  and  the  uniformity  of  die 
time  which  this  requires  (like  die  corresponding  uniformity  in  the  [leriod 
of  development  in  the  embryo- bird)  may  be  fairly  attributed  to  tlie 
regtdarity  of  the  eupply  of  Heat,  which  is  die  power  tliat  especially 
defcerminea  die  fonnativ©  operations.  For  die  periods  of  all  similar  p!ie* 
noniena  in  'cold-blooded'  animals,  which  have  no  power  of  maintiunitig 
sm  indeixiudent  tempenitiire,  exhibit  no  mich  unifonnity ;  being  entirety 
dejiendcut  (^as  in  Plants)  upon  die  degree  of  txternal  warmth  to  which 
their  bodies  are  subjected. — We  sliall  now  inquire,  in  the  first  place,  into 
the  amount  of  Heat  thus  generated  by  Man  ;  and  then  into  the  soiixoeB 
of  its  producrion, 

4U5*  Our  present  knowledge  of  the  ordinary  Temperature  of  the 
Human  body  under  different  circumstancefi,  is  chiefly  due  to  the  inves- 
ttgationa  of  Dr.  J*  Davy.* — The  first  aerioa  of  his  observations  included 
114  imlividuala  of  both  sexes,  of  diflerejat  agea^  and  among  various  races, 
in  different  latitudes,  and  under  various  temperatures;  the  extertuU 
temperature,  however,  was  in  no  instance  very  low,  and  the  variations 
were  by  no  m^ins  extreme.  The  mean  of  the  ages  of  all  the  individnala 
was  27  years.  The  following  is  a  general  statement  of  dm  results,  the 
temperaliure  of  the  body  having  been  ascertained  by  a  diemiometor  placed 
luider  the  tongue : — 


Ternpifratiire  of  tha  oir  .     ,  60^ 

as; 

H  »  80° 

,.     .        sa- 

Menu  of  nil  thfl  m peri jn eats  71" 
Uighc«t  temiMerature  of  hat  $2" 
Luwttl  teiupeiutiire  tif  air       CO' 


Avemgti  tempeiMore  of  the  bodj  M*^* 

100* 

lor 


Menu  of  all  the  ex|i4>riment5 
High^jft  t^ntper^tar^  of  hodj 
Luwust  temperalare  of  bodj 


*  Sto  Dr.  DfiYy'a  eocoesiiive  Mumoirfl  in  tbe  "'  Philo»opliical  TratisMtions**  for  1  Sll 
(i't^pii)jliMlieil  iii  liifl  "  Anat<>ujici!d  and  Phir«loli>grcAl  ReacttrchtH"),  IS44,  1S^5,  AJid  I860. 
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From  this  we  see  that  the  variations  noted  by  Dr.  Davy,  which  were 
evidently  in  part  the  consequence  of  variations  in  external  temperature, 
but  which  were  also  partly  attributable  to  individual  peculiarities, 
amounted  to  5^  degrees ;  the  lower  extreme  might  be  found  to  undergo 
still  further  depression,  if  the  inquiries  were  carried-on  in  very  cold 
climates. — Dr.  Davy's  subsequent  inquiries  have  been  directed  to  the 
determination  of  the  various  influences  which  tend  to  produce  a  depar- 
ture from  the  average ;  and  it  will  be  advantageous  to  present  his  results 
in  a  systematized  form,  in  combination  with  those  of  other  observers. 
The  most  important  of  these  variations  seem  to  be  those  dependent  upon 
Age,  Period  of  the  day.  Exercise  or  Repose,  Ingestion  of  Food  or  Drink, 
and  External  Temperature. 

I.  The  temperature  of  Infants^  according  to  the  observations  of  Dr. 
Davy,  M.  Roger,*  and  of  Dr.  G.  C.  Holland,f  is  somewhat  higher  than 
that  of  adults,^  provided  that  they  are  placed  in  conditions  favourable  to 
its  sustenance ;  but,  as  will  be  shown  hereafter,  infants  and  yoimg  chil- 
dren are  very  inferior  to  adults  in  their  power  of  resisting  the  depressing 
influence  of  external  cold.  Their  temperature,  when  examined  imme- 
diately afler  birth  by  a  thermometer  in  the  axilla,  is  nearly  100^ ;  but 
it  quickly  fells  to  about  95*5°,  and  gradually  rises  in  the  course  of  the 
next  twenty-four  hours  to  about  97*7°  in  weakly  subjects,  and  to 
99*5°  in  strong  infents.  Between  four  months  and  six  years  of  age,  M. 
Roger  found  ^e  average  temperature  to  be  98*9° ;  and,  between  six  and 
fourteen  years  of  age,  99-16°. — The  temperature  oi  aged  persons,  from  the 
observations  of  Dr.  J.  Davy,  does  not  seem  to  be  below  that  of  persons 
in  the  vigour  of  life,  provided  that  there  be  no  external  depressing  influ- 
ences ;  but  they  seem,  like  infants  and  young  children,  to  have  less  power 
of  resisting  external  cold,  the  temperature  of  their  bodies  being  more 
easily  and  considerably  reduced  by  it  than  is  that  of  adults ;  and  hence 
probably  it  has  happened,  that  popular  opinion  assigns  to  them  an 
habitually  inferior  temperature. 

II.  A  slight  diurnal  variation  in  the  temperature  of  the  body  appears 
usually  to  take  place,  quite  irrespectively  of  external  heat  or  cold ;  but 
this  does  not  seem  to  be  very  constant  either  in  its  period  or  its  degree, 
and  is  seldom  very  considerable.  Thus  Dr.  Davy  found  from  a  long 
series  of  observations  carried-on  upon  himself  whilst  in  England,  that  the 
body  was  warmest  in  the  morning,  and  coldest  at  night ;  whilst  the  reverse 
was  the  case  in  Barbadoes.  The  following  Table  gives  his  average  results : — 


Hean  Temperature  under  the  Tongue, 

Temperature  of  Room, 

England      j  ^^^g.^^^.' 
Barbadoes     ^^.^^^^o- 

2-4  P.M. 
98-62" 

12-2  P.M. 

98-9" 

12  P.M. 

97-92" 

9-11  P.M. 

99" 

7-8  A.M. 

60-9" 

6-7  A.M. 

76-7" 

2-4  P.M. 
54-7" 

12-2  P.M. 
83-6" 

12  P.M. 

62" 

9-11  P.M. 

79' 

essentially  corroborate  those  of  Dr.  Davy,  as  well  as  the  older  ones  of  MM.  Eydoux  and 
Souleyet  ("  Comptes  Bendns,'*  1838,  p.  457),  except  that  he  found  a  greater  diflference 
in  the  temperature  of  the  men  he  examined,  though  the  variation  of  the  atmospheric 
temperature  was  much  less. 

•  "  Archiv.  Gen.  de  M6d.,"  1844.  f  "  Inquiry  into  the  Laws  of  Life,'*  1829. 

X  Dr.  W.  F.  Edwards  ("  On  the  Influence  of  Physical  Agents  on  Life/'  p.  115;  gives 
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From  the  obaervations  of  M.  Choasat  on  Birds,  in  which  the  i 
varmtion  amoimta  to  I  J**  Fahr,,  it  aeema  that  the  maximum  pretty  con-"' 
Stan t] J  occurs  at  noon,  and  ihe  Ti)iiiimuTti  near  midnight ;  and  this  cor- 
responda  well  with  what  has  already  been  pointed -out,  with  r^;ard  to  the 
relative  activity  of  reBpirution  at  diiterent  periodic  of  the  twcnty-fouj  hours 
(§  2H8j  1x.)»  Probably  tbere  is  a  leas  capacity  for  genei^iting  h^t  during 
the  night ;  so  that,  if  the  body  be  insnfficiently  protected  by  clothing,  gr 
be  exposed  to  a  low  degree  of  external  temperature,  its  own  temperature 
will  be  moTC  readUy  lowered  ;  and  thus  the  minimum  of  the  whole  day 
may  come  to  present  itself  at  this  part  of  i%  in  a  temperate  climate ; 
whilst  in  a  tropical  climate^  the  light  bed-covering  and  free  circuJatioii 
of  aiT  uaual  in  tlie  sleeping -room,  together  with  the  reducing  inthienc4i  of  j 
repose,  would  tend  to  render  the  earJy-moming  temperature  the  lowest. 

IIL  Thiit  an  increase  in  the  Iieat  of  the  body  is  produced  by  exercut^ 
and  that  repose  tends  to  its  red  action ,  is  a  matter  of  familiar  ejqierience; 
but  the  observations  of  Dr.  Davy  bIiow  tlmt  there  ia  scarcely  any  per- 
ceptible diflfereuoe  in  the  heat  of  the  deep*aeated  parte,  the  augmentation 
and  depreaaion  being  confined  to  the  extremities.  Thus,  on  one  occasion 
recorded  by  him,  the  temperature  of  the  air  of  the  room  before  walking 
being  G0°,  that  of  tlie  feet  (shown  by  a  thermometer  placed  tietween  the 
toes)  being  only  66^,  tliat  of  the  thermometer  mxder  the  tongue  being  98^, 
and  that  of  the  urine  being  1 UO", — the  tcnjperature  ailer  a  walk  in  tlie 
open  air  at  40°^  the  exercise  having  diffiijsed  a  feeling  of  gentle  wannth 
through  the  body,  was  9 (J '5^  in  t]ie  feet,  97"  in  the  liands,  98°  under 
tlie  tongue,  and  101°  in  tlae  urine.  So,  on  another  occasion,  the  tempera- 
ture having  been  66°  in  the  room,  75''  in  the  feet,  81*  in  the  hands,  98" 
under  the  tongue,  and  100^  in  the  urine, — allor  a  widk  in  air  at  50^  the 
temperature  was  99°  in  the  feet,  98^  in  tlie  hands,  98°  under  the  tongue, 
and  101^5''  in  the  urine.  These  effects  are,  therefore,  in  all  probability, 
chiefly  due  to  an  increase  in  the  energy  and  frequency  of  the  hearths  con- 
tractions, by  which  means  the  warm  blood  is  driven  with  greater  velocity 
through  tlie  extreme  capillaries,  im|mrting  its  heat  to  the  surrounding 
parte. — The  experiments  of  Becquerel,  moreover,  have  sho^vn  that  a  cer- 
tfiin  amomit  of  he^it  is  developed  during  the  active  contraction  of  mus* 
cular  tissue,  the  rise  in  temperature  of  a  muBcle  like  tlie  Biceps,  after  a 
few  powerfiil  contractions,  being  aa  much  as  1^  Fain-. ;  and  he  regarded 
this  increase  in  temperature  as  due  to  the  increased  energy  of  the  chendcal 
changes,  and  in  some  measure  alio  to  the  mechanical  effects  of  friction, 
dfec.,  taking  place  in  the  contracting  muscle.  M-  J,  B^lard,^  however, 
conaiders  tlie  amount  of  heat  produced  to  be  in  inverse  relation  to  the 
mechanical  efTect  obtained ;  for  he  found  that  more  heat  la  developed  when 
the  muscle  is  unable  to  shorten  itself  during  contraction,  as  in  the  case  of  a 
man  striving  to  overcome  an  insuperable  obstacle,  than  when  the  muaclc 
fully  contracts,  as  in  lifting  hght  weights.  Thus  it  would  seem  that  the 
Force  which  manifests  itsetf  in  sensible  Motion  in  one  case,  manifests 
it^h'  aa  Heat  (a  different  mode  of  motion)  in  the  other, 

as  &e  roault  of  liii  obeerr&liona,  which  were  only  i«a  In  number,  that  the  lenip«i«tare 
(»f  tu&iita  19  lowor  that]  thmt  stated  nh<ym  ;  bni  it  is  obvious  tlmt  tht^ae  obfi«rVBtioDs  wtr^ 
ttUbJti  daring  the  period  of  dejjrcBflJon  which  occurs  in  tlie  first  few  dftjSf  whilBt  the 
ntpimtoiy  fuaction  is  beeouung  eotabJiffh&iL 

*  *'  Compten  EeaduV*  1S60*  toI  i.  p.  171. 
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IV.  The  influence  of  ingestion  of  food  upon  tihe  temperature  of  the 
body  has  not  yet  been  duly  investigated.  Common  experience  leads  to 
the  conclusion,  that  after  a  meal,  as  after  exercise,  there  is  a  greater 
warmth  in  the  extremities ;  but  Dr.  Davy's  observations  show  that,  in 
his  own  person,  whilst  in  England,  there  was  usually  an  appreciable 
depression  immediately  aft«r  dinner,  though  in  Bafbadoes  the  effect  of  a 
moderate  meal  was  to  produce  an  elevation.  In  both  cases,  however. 
Dr.  D.  observed  that  the  ingestion  of  wine  has  a  positively-depressing 
influence  on  the  temperature  of  the  body,  which  increases  with  the 
quantity  taken ;  and  it  may  have  been  the  constant  employment  of  wine 
with  his  dinner,  which  was  the  real  cause  of  the  depression  observed  in 
England.* 

V.  The  influence  of  external  temperature  is  sufficiently  apparent  in  the 
observations  already  cited;  for  although  external  cold  may  act  in  a 
different  degree  on  different  individuals,  according  to  their  respective 
ages,  powers  of  resistance,  &c.,  yet  there  is  ample  proof  that  on  the 
whole  a  continued  exposure  to  it  reduces  the  temperature  of  the  body 
somewhat  below  its  ordinary  standard,  whilst  continued  exposure  to  heat 
occasions  a  slight  elevation  in  the  temperature  of  the  body.  The  in- 
fluence of  cold  is,  of  course,  most  powerfully  exerted  when  the  body  is  at 
rest ;  and  under  such  circumstances  Dr.  Davy  found  the  temperatiure  of 
his  own  body  to  be  reduced,  on  an  average  of  four  observations,  to  96*7®, 
the  average  temperature  of  the  surroimding  air  having  been  37°.  On 
comparing  the  bodily  temperature  of  different  individuals  working  in 
rooms  of  various  temperatures  in  the  same  foctory,  Dr.  Davy  found  the 
tongue-thermometer  rise  to  100°  in  one  man,  and  to  100*5**  in  another 
who  had  been  working  for  some  hours  in  a  room  at  92° ;  whilst  it  was 
99°  in  a  young  woman  who  wofked  in  a  room  at  73°,  and  only  97*5° 
in  another  who  worked  in  a  temperature  of  60°. — The  effects  of  sea- 
sonal change  are  less  marked  in  Man,  than  they  are  in  the  lower  animals, 
which  are  more  exposed  to  extremes  of  temperature ;  but  it  seems  prin- 
cipally exerted  in  modifying  the  heat-producing  power.  For  it  has  been 
shown  by  Dr.  W.  F.  Edwards,f  that  warm-blooded  animals  are  more 
speedily  killed  by  extreme  cold  in  summer  than  in  winter;  and  it  seems 
probable,  therefore,  that  we  are  partly  to  attribute  the  peculiar  chilling 
influence  of  a  cold  day  in  summer,  and  the  oppressiveness  of  a  warm 
day  in  winter,  to  the  seasonal  change  in  the  body  itself;  although  the  effect 
is  doubtless  referable  in  part  to  the  effect  of  contrast  upon  our  own  feelings. 

406.  The  usual  Temperature  of  the  body  occasionally  undergoes  con- 
siderable alteration  in  disease;  and  this  in  the  way  either  of  increase  or 
of  diminution.     Thus  in  maladies  which  involve  an  acceleration  of  pulse 

*  This  difference  in  effect  noted  by  Dr.  Davy,  between  the  effects  of  a  moderate 
quantity  of  wine  taken  with  dinner  in  Bngland  and  in  Barbadoes,  seems  explicable  on 
tiie  Bopposition  that  the  presence  of  wine  in  the  blood  may  sometimes  diminish  for 
a  time  the  energy  of  the  proper  combastive  process.  When  the  temperature  of  the 
atmosphere  is  considerably  below  that  of  the  body,  this  retardation  of  the  combustive 
process  occasioned  by  the  wine  will  allow  the  heat  of  the  body  to  be  lowered  by  it, 
notwithstanding  the  tendency  to  increased  activity  of  the  circulation  and  respiration 
which  the  meal  alone  would  exert.  In  a  warm  climate,  on  the  other  hand,  the  cooling 
influence  of  the  external  air  would  not  be  sufficient  to  produce  this  reduction  in  the 
temperature  of  the  body,  notwithstanding  the  retarding  influence  of  the  wine  upon  the 
oombostive  process.  t  Op.  cit. 
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and  a  quickoniiig  of  the  respiration^  tLe  teni|>erattire  is  genendly  liig 
than  uiual,  even  though  a  L-irge  poftion  of  the  lung-  may  be  lanJit  for  III 
function.  Thia  is  often  remarkably  seen  in  tho  last  stagies  of  phthisM, 
when  the  inspiradons  are  extremely  rapid,  and  th^  pul^  so  quick  &s 
Bc^uxM^ly  to  admit  of  being  counted;  the  akin,  in  Biich  cases,  often  becomes 
almost  pain^iily  hot^  On  the  other  hand^  In  disease  of  the  contrary 
charaGter,  such  as  '  morbus  c^BruleuSf'  asthma ^  and  cholera,  the  tempera- 
ture of  the  body  fiUb ;  a  reductioii  to  7b°  haying  been  noticed  iu  the 
former  maladies,  and  to  67''  in  the  latter.  The  rang©  observed  by  JVL 
Andi^  iu  diieasea  which  less  alEected  the  caloriiying  function,  was  irom 
95*^  to  107*6^;  and  by  M.  Roger  (loc.  cit.),  in  diseases  of  children,  from 
74^3  to  1CJ8'5.  Prof,  Dunglisou*  speaks  of  fca%nngseen  the  thermometer 
at  lOC*^  in  ©carlatiua  and  typhus ;  and  Dr,  Fxaucie  Homef  found  it  to 
stand  at  104'^  in  two  individuals  in  the  cold  stage  of  an  intermittent, 
whilst  it  afterwards  fell  to  10 1"*,  and  subsequently  to  99^,  during  tlift 
sweating  stsige.  Dr.  Edw^ards  mentions  a  case  of  tetanus,  in  which 
temperature  of  the  body  rose  to  llOJ^.  The  following  observations  have 
been  made  on  this  subject  by  M.  Doun<^ :}  in  a  case  of  puerperal  fevexT  the 
pulse  being  168,  and  the  respirations  48  per  miaute,  the  temperature  was 
104^;  in  a  cfise  of  hypertrophy  of  the  heart,  the  pulse  bebg  lbi\  and  the 
respirations  34,  the  temperature  waa  103";  in  a  case  of  typhoid  fever,  the 
pulse  being  136 ^  and  the  reapirations  5l>,  the  temperature  was  104*;  and 
in  a  case  of  phthisis,  tho  pulse  being  140^  and  the  reapirations  62,  the 
temperature  was  102°;  on  tlie  other  hand,  in  a  case  of  jaimdice,  in  which 
the  pulse  was  but  52,  the  temperature  was  only  964o^;  but  the 
temperature  was  observed  in  a  case  of  diabetes,  in  which  the  pulse 
84.  These  limited  observations,  whilst  they  clearly  indicat-e  that  a 
ffcnerni  relation  exists  between  the  temperature  of  tho  body  and  the  rapi- 
dity of  the  pulse,  also  show  that  this  rdation  is  by  no  means  invariably 
but  that  It  is  liable  to  be  affected  by  several  causes,  of  which  our  know- 
ledge is  as  yet  very  slight,— It  is  not  a  httle  remarkable  that  the  tempera- 
ture of  til 0  body  should  sometimes  me  considerably  ajler  death;  and  this 
not  merely  in  such  cases  as  Cholera,  in  which  it  has  undergone  an 
extreme  depression  during  the  latter  part  of  life ;  but  even  in  the  case  of 
febrile  disorders,  in  which  the  tempemture  during  life  has  been  above  the 
usual  standard.  This  has  been  ascertained  by  Dr.  Bennet  Dowler,|  of 
Now  Orleans,  on  the  bodies  of  those  yellow-fever  subjects  which  have 
already  been  referreti-to  aa  exhibiting  a  remarkable  degree  of  moieailfir 
life  after  xoffMitia  death  (§242).  In  one  case,  for  example,  the  highest 
temperature  during  life  wfis  in  the  axilla,  104*^ ;  ten  minutes  after  death, 
it  had  risen  to  109^  in  the  axiDa;  fifteen  minutes  afterwards,  it  was 
US'*  in  an  incision  in  the  thigh;  in  twenty  minutes,  the  liver  gave  112*; 
in  one  hour  and  forty  minutes,  the  heart;  gave  109**|  and  the  thigh 
in  the  tbmior  incision  109°;  and  in  throe  hours  after  the  removal 
of  all  the  viscera,  a  new   inciaion   in  the   thigh  gave   110^      It   is 

*  "Human  Phjaiolojnfp"  7th  ^it,  toL  ji.  p,  225. 

t  **  Me^lical  FiM:ts  awl  Ex  priiuentA,*^  LoDdon,  1759. 

t  **  Apchiv.  (J6fl.  dc  Med.,"  Oct.  1835 ;  fcntl  "  Brit,  and  For.  Med.  Rer.,'*  vqL  n.  p.  SIS. 

|*'Weilern.  Journiil  of  Medi^ime  and  Sur^eryf"  Jaue  und  Oct.,  1844  ;  ditcd  la 
**  PbUik4»tpbm  Medical  H^tAminer/*  Jane,  1845,  nnd  in  ?mt.  DudgliBOu'i  **Unmhu 
fhymahi^t'^  7th  edit.^  vol.  ii,  p,  T13> 
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ctuious  that  tihe  maximum  heat  observed  ailer  death  should  have  been  in 
the  thigh,  and  the  minimimi  in  the  brain ;  as  is  shown  in  the  following 
Table  of  the  highest  amoimt  of  temperature  noted  in  eight  di£Eerent  regions 
in  five  subjects : — 


^•- 

AxiUa, 

CkeH. 

HeaH, 

Brain, 

Btetum. 

Uver, 

iir 

109* 

107" 

109' 

102'' 

Ill' 

112' 

109' 

110* 

109' 

106-6' 

106- 

lOl'* 

109' 

109' 

109' 

109» 

108' 

106" 

106' 

lOl'* 

107' 

108' 

109- 

109* 

108' 

loe*' 

104' 

100' 

107' 

107' 

108* 

109** 

107* 

IDS'* 

lOi'' 

99' 

106' 

106' 

109-6'      109-6'      108-2'      106-1'      105-6'     100*6'      108'        108-4' 

407.  Although  there  appears  to  be,  for  all  kinds  of  animals,  a  distinct 
limit  to  the  variations  of  bodily  temperature,  under  which  their  vital 
operations  can  be  carried  on,  this  limitation  does  not  prevent  certain 
species  firom  existing  in  the  midst  of  great  diversities  of  external  condi- 
tions; since  they  have  within  themselves  the  power  of  compensating  for 
these,  in  a  very  extraordinary  degree.  This  power  seems  to  exist  in  Man 
to  a  higher  amount  than  in  most  other  animals ;  since  he  can  not  only 
support,  but  enjoy  life,  imder  extremes  of  which  either  would  be  fatal  to 
many.  In  many  parts  of  the  tropical  zone,  the  thermometer  rises  every 
day,  through  a  large  portion  of  the  year,  to  110°;  and  in  British  India  it 
is  said  to  be  seen  occasionally  at  130°.  On  the  other  hand,  the  degree  of 
cold  frequently  sustained  by  Arctic  voyagers,  and  quite  endurable  under 
proper  precautions,  appears  much  more  astonishing;  by  Captain  Parry 
the  thermometer  has  been  seen  as  low  as  — 55°,  or  87°  below  the  freezing 
point ;  by  Captain  Franklin  at  — 58°,  or  90°  below  the  freezing  point ; 
and  by  Captain  Back  at  — 70°,  or  102°  below  the  freezing  point.  In 
both  cases,  the  effect  of  the  atmospheric  temperature  on  lite  body  is 
greatly  influenced  by  the  condition  of  the  air  as  to  motion  or  rest :  tJius, 
every  one  has  heard  of  the  almost  unbearable  oppressiveness  of  the 
*  sirocco'  or  hot  wind  of  Sicily  and  Italy,  the  actual  temperature  of 
which  is  not  higher  tlian  has  often  been  experienced  without  any  great 
discomfort  when  the  air  is  calm ;  and,  on  the  other  side,  it  may  be  men- 
tioned that,  in  the  experience  of  many  Arctic  voyagers,  a  temperature  of 
— 50°  may  be  sustained,  when  the  air  is  perfectly  still,  with  less  incon- 
venience dian  is  caused  by  air  in  motion  at  a  temperature  fifty  degrees 
higher.*  This  is  quite  conformable  to  what  might  be  anticipated  on 
physical  principles. 

408.  Again,  the  degree  of  moisture  contained  in  a  heated  atmosphere, 
makes  a  great  difference  in  the  degree  of  elevation  of  temperature  which 
may  be  sustained  without  inconvenience.     Many  instances  are  on  record, 

*  The  Author  has  been  informed  by  Sir  John  Richardson,  that  in  his  last  Arctic  Ex- 
pedition, whilst  at  winter-qaarters,  he  was  accustomed  to  go  from  his  sitting-room  to 
the  magnetic  observatory  at  a  short  distance  (about  an  ordinary  street's  breadth),  with- 
out feeling  it  necessary  even  to  put  on  a  great-coat ;  although  the  temperature  of  the 
former  was  about  50**,  and  that  of  the  air  through  which  he  had  to  pass  to  the  latter 
was  — 50°,  the  difference  being  100'.  This  immunity  from  chilling  influence  was  chiefly 
attributable  to  the  drynets  and  stillness  of  the  atmosphere ;  but  it  is  worthy  of  note 
that  Sir  J.  R.  and  the  whole  of  his  party  on  this  expedition,  abstained  entirely  from 
alcoholic  liquors  ;  and  the  Author  has  received  his  personal  assurance,  that  his 
experience  on  this  occasion  fully  bore-out  his  previous  conviction,  that  continued  severe 
cold  is  much  better  borne  without  recourse  to  these  stimulants,  than  under  the  employ- 
ment of  them. 
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of  a  heat  of  from  250^  to  280**  being  endured  in  drjf  air  for  a  consider- 
able lengtli  of  time,  even  by  per^oTia  unacciiBtoiiied  to  a  particularly  high 
temperature ;  und  persons  whose  occupations  are  sueh  as  to  require  it^ 
can  euitoin  a  much  higher  degree  of  heat,  though  not  perhafis  for  nny 
loag  period.     The  workmen  of  the  late  Sir  F.  Chantrey  were  accus^  \ 
tomed  to  enter  a  furnace  in  which  his  moulds  were  dried,  whilst  the 
floor    ivaa  retl-hot,    and  a  thermometer  in  the  air  stood  at  ^iiif\  and 
Chahert  the  *' Fire-king"  wjw  in  the  habit  of  enterijig  an  oven  whoia. 
temperature  was  from  400''  to  GOO'',*     It  is  possible  that  theis  CeattI 
might  be  eaaily  matclied  hj  many  workmen  who  are  habitually  exposed  I 
to  high  temperatures ;   euch  as  those  employed  in  Iron-foundrieSj  Glass-  ' 
hoo^s,  and  Gas-works.     In  all  the^  inatanceSj  the  diynees  of  the  air 
facihtates  the  rapid  vaporization  of  the  fluid,  whose  secretion  by  the 
Cutaneous  glandiilaB  is  promoted  by  heat  applied  to  the  surface;  and 
tJie  large  amount  of  caloric  which  is  consumed  in  tliis  change,  is  for  the  J 
moEt  peirt  withdrawn  &om  the  body,  the  temperature  of  which  ia  thnfli^ 
kept-down* 

409.  Exposure  to  a  very  elevated  tempera ture,  however^  if  continued 
for  a  sidiicient  length  of  time,  does  produce  a  certain  elevation  of  that  of 
the  body ;  a^  migbl  he  expected  from  the  Btatementa  already  matle,  in 
TCgard  to  the  variation  in  the  heat  of  the  body  with  changes  in  atmo- 
apheric  temperature  (§  405).  In  the  experiments  of  MM.  Berger  and 
Delaroche,f  it  was  found  that,  after  the  body  had  been  exposed  to  air  of  i 
120"^  during  17  minutes,  a  thermometer  placed  in  thfe  mouth  rose  nearly 
7^  above  the  ordinaiy  temperature ;  it  may  be  remarked,  however,  that 
as  the  body  was  immersed  in  a  close  box,  from  which  tlie  head  projected 
(in  order  to  avoid  the  direct  influence  of  the  heated  air  on  the  tempera- 
ture of  the  mouth),  the  air  had  probably  become  charged  with  the  vapour 
exhaled  &om  the  surface,  and  had  the^efoFt  somewhat  of  the  effects  of  a 
moist  atmosphere.  At  any  rate,  the  tempemtui^  of  the  body  does  not 
appear  to  rise,  under  any  circumitances,  to  a  degree  veiy  much  greater 
thiin  this.  In  one  of  the  experiments  of  Drs.  Pordyce  and  Blagden,| 
the  temperature  of  u  Dog,  that  had  been  shut  up  for  half-an^hoiir  in  a 
chamber  of  which  the  temperature  was  between  220*  and  23G**,  was 
found  to  have  risen  from  101^  to  about  108^.  MM,  Delaroche  and 
Berger  tried  several  experiments  on  different  species  of  animals,  in  order 
to  sioettain  the  highest  temperature  to  which  the  body  could  he  raised 
without  the  destruction  of  life,  by  inclosing  them  in  air  heated  from  122* 
to  2(>1^,  until  they  died :  the  result  was  very  uniform,  the  t^imperature 
of  the  body  at  the  end  of  tho  experiment  only  varying  in  the  different 
fipecies  between  11*^  and   1 3^  above  their  natural  standard :  whence  it 

*  The  YDQclerftil  fe&t6  perfortD^d  by  nmtij  iDdividiiAlfi  from  tim«  to  time — of  dipping 
tbe  h&Dd  into  melted  lead,  faying  bold  of  a  red- hot  iron,  &e,— bar^  been  recflatlj  ibovn 
bj  M.  lie  BautigDf  to  be  aiiplieable  upon  rery  fliniple  principles.  Pot  iq  all  iucb  CKiee 
a  thin  Elm  of  J^afraa!i  dcld  iu  tlie  *  spberlctil  itate'  Ititcfveaes  btitweeii  tlie  «kin  nnd  tJie 
b«Ated  surface ;  and  a  hand  wbicli  \&  natural iy  damp^  or  wliic^b  hafi  t;«cn  flligbtlj 
tadfftoaed,  may  be  safely  paased  into  the  »tr«am  uf  molUn  iron  a«  it  flows  fniro  the  fur' 
fiiioe ;  u  wma  demonstrateid  by  M.  de  Bontigny  at  Ute  meeting  of  the  Biitieih  As»cicijLtiais 
at  IpBwieb  in  1851. 

f  *'  ExpdrieDCea  anr  lea  EfTeta  qu'one  forte  Chalenr  prod  a  it  «iir  rBcoaomie  ;**  Pftru^i 
1S05  :  and  "Journal  de  Pbysiqne,"  tomes  Ixlii^  IxxL,  et  Iixtu, 

t  "  Fhildaopbic&t  TraniactloiiB,"  177&. 
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may  be  inferred,  that  an  elevation  to  this  degree  must  be  &tal.*  This 
elevation  would  be  attained  comparatively  soon  in  a  moist  atmosphere ; 
partly  because  of  the  greater  conducting  power  of  the  medium,  but 
principally  on  accoimt  of  the  check  which  is  put  upon  the  vaporization 
of  the  fluid  secreted  by  the  skin.  Even  here,  however,  custom  and 
acquired  constitution  have  a  v^ery  striking  influence;  for  whilst  the 
inhabitants  of  this  country  are  unable  to  sustain,  during  more  than  10 
or  12  minutes,  immersion  in  a  vapour- bath  of  the  temperature  of  110° 
or  120°,  the  Finnish  peasantry  remain  for  half  an  hour  or  more  in  a 
vapour-bath  whose  temperature  finally  rises  even  to  158°  or  167°. — 
Accurate  experiments  are  yet  wanting,  to  determine  the  influence  of 
humidity  on  the  effects  of  cold  air.  From  experiments  on  young  Birds 
incapable  of  maintaining  their  own  temperature,  of  which  some  were 
placed  in  cold  dry  air,  and  others  in  cold  air  charged  with  moistiu-e, 
it  was  found  by  Dr.  Edwards  tliat  the  loss  of  heat  was  in  both  in- 
stances the  same ;  the  eflect  of  the  evaporation  from  the  surface  in 
the  former  case,  being  counterbalanced  in  the  latter  by  the  depressing 
influence  of  the  cold  moisture.  This  influence,  the  existence  of  which 
is  a  matter  of  ordinary  experience,  is  probably  exerted  directly  upon  the 
Nervous  system. 

410.  Having  thus  considered  the  general  &cts  which  indicate  the 
&culty  possessed  by  the  living  system,  in  Man  and  the  higher  Animals, 
of  keeping-up  its  temperature  to  an  elevated  standard,  and  of  preventing 
it  from  being  raised  much  beyond  it  by  any  degree  of  external  heat,  we 
have  next  to  inquire  to  what  this  faculty  is  due.! — It  may  be  stated  as 
a  general  &ct,  that  every  change  in  the  condition  of  the  organic  com- 
ponents of  the  body,  in  which  tlieir  elements  enter  into  new  combina- 
tions with  Oxygen,  must  be  a  source  of  the  development  of  Heat.  And 
as  we  have  seen  that  a  considerable  part  of  the  carbonic  acid  and  water 
which  are  exhaled  in  Respiration,  is  formed  within  the  body  by  the 
metamorphosis  of  its  own  tissues,  and  that  this  metamorphosis  is  pro- 
moted by  the  active  exercise  of  the  nervo-muscular  apparatus,  it  follows 
that  in  animals  whose  habits  of  life  are  peculiarly  active,  whilst  the 
temperature  of  the  surrounding  medium  is  sufficiently  high  to  prevent 
its  exerting  any  considerable  cooling  influence  over  them,  the  combustive 
process  thus  maintained  may  be  ade(|uate  for  the  maintenance  of  the 
temperature  of  the  body  at  its  normal  standard.  This  seems  to  be  tlie 
case  with  the  great  Carnivorous  quadrupeds  of  warm  climates,  and  with 
certain  races  of  Men  who  lead  a  life  of  incessant  activity  like  theirs. 
But  whenever  the  cooling  influence  of  the  atmosphere  is  greater,  or  the 
retrograde  metamorphosis  of  tissue  takes  place  with  less  activity,  some 
further  supply  of  heat-producing  material  is  required ;  and  this  is  derived 

*  Bernard  (''Comptes  Beodos  de  laSoci6t6  de  Biologie,'*  1859,  p.  51)  attribntes  the 
death  of  the  animals  in  these  and  similar  experiments  to  a  condition  analogous  to  rigor 
mortiB  of  the  heart  being  established.  He  found  the  auricles  filled  with  blood,  but  the 
T«ntriclea  firmly  contracted  and  empty. 

t  It  was  affirmed  by  Dr.  Granville  (''  Phil.  Trans.,**  1825)  that  the  temperature  of 
the  uterus  during  parturition  sometimes  rises  as  high  as  120°.  In  some  observations 
made  at  the  PhiUdelphia  Hospital,  however,  at  the  desire  of  Prof.  Dunglison,  the  tem- 
perature of  the  uterus  was  not  found  to  be  much  abov  that  of  the  vagina ;  the  former 
being,  in  three  cases,  100**,  102%  and  106%  whilst  the  latter  was  100%  100%  and  1^^, 
(Prof.  DnngliBon*s  "  Human  Physiology,"  7th  edit.,  vol.  ii.  p.  226.) 
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eith«*r  directly  from  the  footl»  or  from  a  store  previously  laid-np  in  tiol 
body*     Although  the   albuminous   and   gelatinous   components   of  the 
food  may  be  made,  by  deoomposition  within  tlie  bodj^  to  yield  saccharine 
and  oleaginona  conn  pounds  wiiich  serve  as  an  immedjate  pabulum  %o  the 
com  bust!  ve  process  (§  377  el  scq.%  yet  this  metamorphoaia  involves  a  great 
waste  of  valuable  nutritive  uiateriaJ ;  and  the  needed  supply  is  much  more 
advantageouBly   derived  at  once  from  those  farinaceous  or  oleaginous 
Fubslatices,  wliich  are  furnished  in  abundance  by  tlie  Vegetable  kingdom, 
the  latter  also  by  the  Animah     No  reas*3nable  doubt  can  any  longer 
be  entertained r  that  t!io  production  of  Heat  by  the  combnstive  proeeas  is 
tha  purpose  to  which  the  larger  proportion  of  these  anbstancea  is  defitmed 
to  be  subBervient  in  the  bodies  of  Herbivorous  animals  and  of  Man ;  imdl 
the  results  of  experience  in  regard  to  their  relative  heat- producing  powera,  I 
are  in  precis  accordance  with  the  indications  afforded  by  their  chemical  ^ 
composition. 

4X1,  Our  knowledge  of  the  dependence  of  all  the  vital  processes  iiij 
warm-blooded  animals  upon  the  Heat  of  their  bodies,  and  of  the  depen- 
dence of  their  calorifying  power  upon  the  due  supply  of  material  tor  tlie 
combustive  process,  has  received  some  remarkable  additions  from  the 
experiments  of  M,  Chossat  upon  Starvation,*  He  found  tliat  Birds, 
when  totally  deprived  of  food  and  drinki  suffered  a  progressive,  tliough  i 
slight,  daily  dirnitintion  of  tempemture.  This  diminution  wa^s  not  so ' 
much  shown  by  a  fall  of  their  maximum  heat,  as  by  an  increase  in  th© 
diurnal  variation,  which  he  ascertained  to  occur  even  in  the  normal  state 
(5  405,  il).  The  average  variation  in  the  inanitiated  state,  wna  alwut  6* 
(instead  of  1  J°),  gradually  increaaing  aa  tlie  imtmal  became  weaker ; 
moreover^  the  gradual  rise  of  temjieratnre,  which  sliould  have  tjikeu  piaco 
between  midnight  and  noon,  was  retarded ;  whUat  the  iall  subsetjuently 
to  Doon  commenced  much  earlier  than  in  the  healthy  state ;  so  that  the 
average  of  the  whole  day  was  lowered  by  about  44*,  between  the/Vjsi  and 
the  perntllimate  days  of  this  condition.  On  the  last  day,  the  production 
of  heat  diminished  very  rapidly,  and  the  thermometer  fell  from  hour  to 
hour  until  death  supervened ;  the  whole  loss  on  thsit  day  being  about  25* 
Eahr.,  making  the  total  depression  about  29^^.  This  depression  appears, 
from  the  considerations  to  be  presently  stated,  to  be  the  immetlmte  cause 
of  Death.^ — On  examining  ^e  amount  of  loss  sustained  by  the  di^Tereut 
organs  of  the  body,  it  was  found  that  93  per  cent  of  the  I^at  had  dis- 
appeared; being  all|  in  fact,  which  covltl  be  removed;  whilst  the  nervous 
centres  scarcely  exhibited  any  diminution  in  weight  (§  58),  From  the 
constant  coincidence  between  tlie  entire  coDsumptlou  of  the  lat,  and  the 
depression  of  temperature, — joined  to  the  fact  that  the  duration  of  Ufe 
under  the  inanitiating  process  evidently  varied  (other  things  being  equal) 
with  the  amount  of  fat  previously  acenmulated  in  the  body^^ — tlie  inference 
seems  irresistible,  that  the  calorifying  process  depended  chiefly,  if  tiot 
entirely,  on  the  materials  supplied  by  this  substane^.  Whenever,  there- 
fore, the  store  of  combustible  matter  in  the  system  was  exhausted,  the 
inanitiated  animals  died,  by  the  cooling  of  their  bodies  consequeut  upon 
tlie  loss  of  calorifying  power, 

*  **  K^herohea  Bjcp6iiiii«ata!e8  myr  rinaaitloUp*'  Fftrit,  1843 ;  ml  &ia&lj%is  of  tkit 
Wijrk  will  b0  fuuad  in  the  **  BnU  aud  For.  Med.  fier^/'  April,  1SI4. 
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412.  That  this  is  the  real  explanation  of  the  fact,  was  shown  by  the 
results  of  a  series  of  very  remarkable  experiments  performed  by  M. 
Chossat,  with  the  purpose  of  testing  the  correctness  of  this  view.  Wlien 
inanitiated  animals  whose  death  seemed  impending  (death  having  actu- 
ally taken  place  in  several  instances,  whiJst  the  preliminary  processes  of 
weighing,  the  application  of  the  thermometer,  &c.,  were  being  performed,) 
were  subjected  to  artificial  heat,  they  were  almost  uniformly  restored 
finom  a  state  of  insensibility  and  want  of  muscular  power  to  a  condition 
of  comparative  activity ;  ^eir  temperature  rose,  their  muscular  power 
returned,  they  flew  about  the  room,  and  took  food  when  it  was  presented 
to  them ;  and  if  the  artificial  assistance  was  sufiSciently  prolonged,  and 
they  were  not  again  subjected  to  the  starving  process,  most  of  them  re- 
covered. If  they  were  left  to  themselves  too  early,  however,  the  diges- 
tive process  was  not  performed,  and  they  ultimately  died.  Up  to  the 
time  when  they  began  to  take  food,  their  weight  continued  to  diminish ; 
the  secretions  being  renewed,  under  the  influence  of  artificial  heat,  some- 
times to  a  considerable  amount.  It  was  not  until  digestion  had  actually 
taken  place  (which,  owing  to  the  weakened  functional  power,  was  com- 
monly many  hours  subsequently  to  the  ingestion  of  the  food),  that  the 
animal  r^ained  any  power  of  generating  heat ;  so  that,  if  the  external 
source  of  heat  was  withdrawn,  the  body  at  once  cooled  :  and  it  was  not 
until  the  quantity  of  food  actually  digested  was  suflicient  to  support  the 
-wants  of  the  body,  that  its  independent  power  of  calorification  returned. 
It  is  to  be  remembered  that,  in  such  cases,  the  resources  of  the  body  are 
on  the  point  of  being  completely  exhausted,  when  the  attempt  at  re-ani- 
mation is  made ;  consequently  it  has  nothing  whatever  to  fall  back  upon ; 
and  the  leaving  it  to  itself  at  any  time  until  firesh  resources  have  been 
provided  for  it,  is  consequently  as  certain  a  cause  of  death,  as  it  would 
have  been  in  the  first  instance. 

413.  It  can  scarcely  be  questioned,  firom  the  similarity  of  the  pheno- 
mena, that  Inanition,  with  its  consequent  depression  of  temperature,  is 
the  immediate  cause  of  death  in  various  Diseases  of  Exhaustion :  and  it 
seems  probable  that  there  are  many  cases  in  which  the  depressing  cause 
is  of  a  temporary  natiu*e,  and  in  which  a  judicious  and  timely  application 
of  artificial  heat  might  prolong  life  until  it  has  passed-off,  just  as  artificial 
respiration  is  serviceable  in  cases  of  narcotic  poisoning  (§  203).  It  is 
especially,  perhaps,  in  those  forms  of  Fever,  in  which  no  decided  lesion 
can  be  discovered  afl^r  death,  that  this  view  has  the  strongest  claim  to 
reception ;  and  the  beneficial  result  of  the  administration  of  Alcohol  in 
such  conditions,  and  the  large  amount  in  which  it  may  be  given  with 
impunity,  may  probably  be  accounted-for  on  this  principle.  That  it  acts 
as  a  specific  stimulus  to  the  Nervous  sy^stem,  cannot  be  doubted  from  its 
effects  on  the  healthy  body ;  but  that  it  serves  as  a  fuel  to  keep-up  the 
calorifying  process,  appears  equally  certain.*  Its  great  eflScacy  in  such 
cases  seems  to  depend  upon  the  readiness  with  which  it  will  be  taken 
into  the  circulation,  by  a  simple  act  of  endosmotic  imbibition,  when 
the  special  Absorbent  process,  dependent  upon  the  peculiar  powers  of 

•  S«e  the  articles  written  by  M.  Baudot  in  "L'Union  M6dicale"  for  Nov.  1868,  in 
which  he  has  criticiied  the  statements  of  Perrin,  Lallemande,  and  Daroy,  alr«idy 
quoted  in  this  work  (§  52),  and  shown  that,  comparatively,  but  a  very  small  proportion 
of  the  alcohol  ingested  can  be  recorered  in  the  varions  excreta. 
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the  cells  of  the  villi  (§ 


^  IB  ia  abeymice.  There  b  no  other  coni- 
bustibLe  iluid^  whoae  nuBclbiUty  tmi\  whose  (density,  reliitiveJy  to  that  of 
the  Bloody  will  pemiit  of  its  rapid  abdorptlon  by  the  simple  physical 
process  adverted-to.* 

414.  That  the  oxidiitlon  of  oertain  oomponents  of  the  food  or  of  the 
tissues  13  the  fiitidameiitiil  aoiirce  of  Auimiil  Heat,  b  further  indicated 
by  the  close  conformity  wliich  we  evcrywbexe  fiiid,  between  the  actrrity 
o£  the  Respiratory  process  and  the  amount  of  Heat  which  is  generated ; 
and  thia  not  merely  when  we  compare  different  tribes  of  animals  witli 
each  other,  but  also  when  we  compare  the  amount  of  oxygen  absorbed 
and  of  earboaic  acid  exhaled  by  the  same  indivitluaJts  under  different 
degrees  of  external  temperatnirc  (§  2BB,  l,).  For  we  find  tliat  the  system 
poaiesses  within  itself  a  regulating  power,  by  whi^h  the  combustive  pro- 
oesi  is  augmented  in  activity  when  the  cooling  influence  of  Uie  surroujid- 
mg  medium  ia  considerable,  so  that  thia  inffuence  ia  resjs^ted ;  whilst  the 
internal  fire  (so  to  speak)  is  slackened,  whenever  the  tenjperflture  of  the 
outer  air  riaea  so  much  as  to  render  the  same  genenition  of  heat  no 
longer  requisite.  The  appetite  for  food,  and  especially  for  those  par- 
ticular  forma  of  it  which  be^t  aflbrd  the  combustive  pabulmn,  varies  in 
the  same  degree ;  and  thua,  when  stijiplied  with  appropriate  nutriment, 
Man  is  able  to  brave  the  aevexest  cold,  without  suffering  any  considerable 
depTession  in  his  bodily  temperature, — It  would  seem  that  the  Cutaneoua 
Bespiration  (§  2S9),  small  as  its  amount  is,  promotes  those  molecular 
changes  on  which  tlio  maintenance  of  Animiil  1^1  eat  depends ;  for  it  was 
found  by  MM,  Becquerel  and  Breschet^f  that  when  the  hair  of  llabbits 
was  shaved-ofl^  and  a  comiKJsition  of  glue,  suet,  and  resin  (forming  a 
coating  impermeable  to  tlie  air)  Wiis  applied  to  the  whole  surface,  the 
temperature  rapidly  fell,  notwithstanding  the  obstacle  thus  ofiered  to  the 
evaporation  of  the  sweat,  whereby,  it  might  be  supposed,  the  ternpeniture 
of  the  body  w*ould  be  considerably  elevated.  In  the  first  rabbit,  which 
had  a  temperature  of  lOO*'  before  being  ahaved  and  plastered,  it  had 
fallen  to  8iJ|'^  by  the  time  the  material  Bf^read  over  him  was  dry.  An 
hour  afterwards,  the  thermometer  placed  in  the  same  parts  (tlie  muscles  of 
the  thigh  and  chest)  had  descended  to  70°.  In  miother  rabbit,  prepared 
witli  more  care,  by  the  time  that  the  plaster  was  dry,  tlie  temi>firature  of 
the  body  was  not  more  timn  bk°  above  that  of  the  surrouuding  medium, 
which  was  at  that  time  OlJj^;  and  in  an  hour  after  this,  the  animal  died. 
— These  experiments  place  in  a  very  strikhig  poLet  of  view  the  impor- 
tance of  the  cutaneous  siu*face  as  a  respiratory  organ,  even  in  the  higher 
animals;  and  they  enable  us  to  understand  how,  when  the  aeratiDg 
power  of  the  Lmigs  ia  nearly  destroyed  by  disease,  the  heat  of  the  body 
is  kept-up  to  its  natural  standard  by  the  action  of  the  skin.  A  valuable 
therapeutic  indication,  also,  is  derivable  from  the  knowledge  which  we 
thus  gain,  of  the  importance  of  the  cutaneous  respiration ;  for  it  leiids  us 
to  perceive  the  desirableness  of  keeping  the  skin  moist,  in  those  febrile 
diseases  in  which  tliere  is  great  heat  and  dryness  of  the  surface,  sinco 

*  The  Author  h^  lUted  the  ver^  atrikint^  i^aalta  of  oWr?&tionR  winob  be  h«A  Ikid 
tlie  o|>poriafiit7  of  makia^  upun  thia  pomtf  ia  liu  Easaj  on  *'  The  Phjatalogy  uf  Temper^ 
Mcd  »iid  Total  A  hat  i  nonce,"  g  213. 

t  '^Comptea  Rendaa,"  Out,  ISH,  These  eiperimotit*  have  been  repeated  and  coo- 
firmed  by  Magiendie  ("  Gaiette  Mcdie&lij,'*  Dee,  6,  1843). 
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aeration  cannot  properly  take  place  through  a  dry  membrane.  Of  the 
relief  afiForded  by  cold  or  tepid  sponging  in  such  cases,  experience  has 
given  ample  evidence. 

415.  It  baa  been  held  that  the  Chemical  theory  of  Calorification  is 
insufficient  to  account  for  the  total  amoimt  of  Heat  generated  by  a  warm- 
blooded animal  in  a  given  time ;  this  assertion  being  founded  upon  the 
experimental  results  obtained  by  M.  Dulong.  MM.  Favre  and  Silber- 
mann*  have  shown,  however,  that  the  original  estimates  require  correction 
for  the  true  calorific  equivalents  of  carbon  and  hydrogen;  and  that 
this  correction  having  been  made,  the  heat  produced  by  the  combustion 
of  the  Carbon  which  is  contained  in  the  carbonic  acid  expired,  and  by  the 
combustion  of  such  a  proportion  of  the  Hydrogen  contained  in  the  ex- 
haled water  as  may  be  fairly  considered  to  have  undergone  oxygenation 
within  the  system  (§  293),  proves  to  be  adequate  to  compensate  for  that 
which  would  be  dissipated  by  the  evaporation  of  all  the  water  transpired 
from  the  skin  and  lungs,  and  also  to  maintain  the  temperature  of  the 
body  itself  in  an  atmosphere  of  ordinary  coolness.  And  to  the  com- 
bustion-heat of  carbon  and  hydrogen,  we  should  also  add  that  of  those 
relatively-minute  quantities  of  Phosphorus  and  Sulphur,  which  also 
undergo  oxidation  within  the  system  (§  393),  whereby  a  small  additional 
amount  of  heat  must  be  generated. — Through  whatever  diversity  of  com- 
binations or  successive  stages  of  oxidation  these  elements  respectively 
pass,  in  their  progress  to  complete  or  final  oxidation,  it  may  be  regarded 
as  an  indisputable  fact,  that  they  give-out  precisely  the  same  amount  oj 
heat  in  the  whole,  as  if  they  had  undergone  the  most  rapid  combustion  in 
pure  oxygen ;  and  thus  we  may  look  to  almost  every  molecular  change  in 
the  body,  although  pre-eminently  to  those  which  are  concerned  in  the 
disintegration  of  its  textures  and  in  the  elimination  of  their  products  by 
Respiration,  as  participating  in  the  function  of  Calorification. — We  may 
estimate  the  absolute  amount  of  animal  heat  generated  by  a  man  weighing 
180  lbs.  at  about  2,500,000  calories  per  diem,f  on  the  following  data.  Ac- 
cording to  Scharling,  a  man  of  that  weight  should  eliminate  3700  grains  of 
carbon  by  the  lungs,  the  combination  of  which  with  oxygen  to  form  carbonic 
acid  would  yield  1,935,160  calories.  Further,  if,  following  Valentin,  we 
«dmit  that  the  excess  of  oxygen  inspired  over  that  reappearing  in  the 
carbonic  acid  eliminated  is  applied  to  the  formation  of  water,  there  will  be 
a  combustion  of  210  grains  of  hydrogen,  producing  468,683  calories, 

*  See  their  Memoir  *De8  Chaleurs  de  Combustion/  in  ''Comptes  Keodus,**  torn. 
XX.,  xxii. 

f  The  terms  '  Calory '  and  '  Unit  of  Heat'  are  now  generally  employed  to  designate 
the  quantity  of  Heat  requisite  to  raise  1  gramme  (15'44  grains)  l*"  centigrade  (l|** 
Fahr.) ;  10  calories  will  therefore  raise  1  gramme  lO**  centigiude,  or  Hi  grammes  2"*  cen- 
tigrade. A  Unit  of  Heat  may  also  be  expressed  mechanically,  and  Jonle  has  found  that 
the  quantity  of  Heat  capable  of  raising  the  temperature  of  1  lb.  of  water  (between  55° 
and  60**  Fahr.)  by  1°  Fahr.  reqaires  for  its  evolution  the  expenditure  of  a  mechanical 
force  equal  to  the  raising  of  772  lbs.  one  foot  (Joule,  "  Phil.  Trans.,"  1850).  Expressed 
in  terms  of  the  French  metrical  system,  the  Heat  capable  of  raising  1  gramme  of  water 
1**  centigrade  is  equivalent  to  a  force  which  would  lift  to  the  height  of  1  metre  423*55 
grammes  (Joule),  430  grammes  (Ludwig),  424  grammes  (Person),  421  grammes  (Clausi us), 
and  433  grammes  (Tresca  and  Laboulaye).  (See  *'  Eng.  Cyclop.,"  vol.  iv.,  Arts  and 
Sciences  Div.,  p.  640.)  According  to  Favre  and  Silbermann,  1  gramme  of  hydrogen,  in 
combining  with  oxygen,  generates  34,462  calories,  or  will  raise  that  number  of  grammes 
of  water  1"  centigrade  ;  and  1  gramme  of  carbon,  in  uniting  with  oxygen,  seta  fi-ee  8080 
calories. 
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tb<5  tvfO  together  amotinting  to  2,403,843  caIotics,  Finally,  if  w©  oonaidler 
tluvt  the^e  uuuiUers  represent  the  greater  part  of  all  tha  heat  generated  ia 
tbe  body,  wo  obtain  in  round  numbers  2,500,000  calories,  as  the  aiBoimt 
daily  developed,  a  Bitmber  which  closely  approxintateB  to  tliat  obtained 
by  Liebig  anil  othtr  chemista  from  calculation  a  made  on  the  calorific  vbIxjc 
of  the  food*     Thus,  supposing  the  daily  food  to  be — 

Albtimeo  .     «    .     l20gFanui]eB    .      i    ,i^ [     ,     eilS  8*60 


Fat &0       „  •      >2^^    i      ^     7<>'20         10  26 


gtftnsh.     .    ,    .    330      „  .     JoQat*inj     ^  ^q.^^ 


Deduct  Unaary  and  FiBC^  eooatitu^ts     .     29  B  6*3 


The  remaiader  to  be  oxidised  =  251*4  12'56 

Now  thii  Otu-boQ  would  jteld  ,     .      251 '4   x   S,0SO  =   2,031,312  C&lonea. 
ABd  tbe  HyOrogea        ,     «     .     ,        12*5ax3i,4(S2  =      432,842        „ 

ToUl 2,i5i,154  Calc^ea. 

This  amottiit  of  heat  would  be  sufficient,  if  converted  into  mechanical 
forc^j,  to  raiBG  1,166,000  kilogramnieR  (=  11,451^  tons)  one  n^etre  high* 
Bee  bird*  estimates  that  a  uum  daily  dev  elopes  suiiicient  heat  to  raise 
55  liis.  of  water  irom  32^  to  212°  F. 

416.  It  catmot  be  denied,  however,  that  there  ar6  certaiii  phenomeaa 
which  seem  at  first  sight  to  be  completely  opposed  to  tlie  chemical  theory 
of  caloriiifatioiit  and  which  can  scarcely  be  explained  in  accordance  with 
it|  save  by  a  considerable  modification  in  our  usual  ideas.  The  claea  ot 
ikcts  to  which  reference  is  here  made,  are  those  which  indicate  that  tbe 
Nervous  System  has  a  very  important  concern  in  the  process,  and  that  it 
is^  in  fact,  one  of  the  immediate  instruments  in  the  development  of  lieaL 
Thus  it  was  experimentally  shown  by  JSir  B.  Brodie,f  that  when  the 
Brain  is  cut- off  from  the  spinal  cord,  or  its  functions  are  suspended  liy 
the  agency  of  a  narcotic^  and  artiHcial  respiration  is  practised  so  that  the 
circulation  is  maintiiuied,  the  body  not  only  loses  heat  rapidly,  but  mttj 
even  cool  more  rapidb/  than  tlie  lx>dy  of  an  animal  similarly  treated,  btti 
in  which  artificial  respiration  is  not  performed.  Now  it  is  certainly  true, 
as  was  subaenuently  pointed-out  by  Drs,  Wilson  Philip  and  Haatin^i| 
and  by  Dr.  C,  Williams,^  that  tlie  effect  of  the  artificial  performance  of 
respiration  depends  in  some  degree  upon  the  mode  in  which  it  is  accom^ 
pli^hed ;  for  that  if,  aa  in  most  of  Sir  B,  Brodie'a  experiment!!,  the  in 
suffltition  be  repeated  30  times  or  more  in  a  minnte,  the  cooling  elJ'ect  of 
the  air  thus  introduced  is  greater  tlian  tfte  warming  eifect  of  tlie  imper- 
fect respirarory  change  to  which  it  becomes  subser%'ient ;  whilst  if  th« 
insuiEution  be  repeated  only  t^velve  times  in  a  minute,  the  coohng  of  the 
Iwdy,  as  compared  with  dial  of  a  body  in  which  the  circulation  is  not 
thus  maintained,  is  retarded,  instead  of  being  accelerated.  But  still  it  Ji 
evident  from  Sir  B*  Brodie's  experiments^  that  the  withdrawal  of  die 
influence  of  t])e  Facephalon  hua  a  jiositively-depresaing  effect  iipon  the 
Calorific  fiinction ;  for  the  rapid  £dl  of  temperature  took  place  even  in 

•  **  Physiol.,"  1862,  p,  561, 

f  "  rbil'iflophical  TnvBBactious,"  1811,  1812;  und  "  Pbyaiologioal  Eeaeflrebeft,*' 
tRee   Dr.    Wiiaon   PbilVt  ^^Experimeatd  Inquirj  into   tbe  Laws  of  tbe   Vital 
Fonctiona/'  Srd  edit  p.  180. 
f  **  Bdinb,  Med.  Chir.  Tmna,,"  toL  iL  p.  1&2. 
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cases,  in  which  the  amount  of  carbonic  acid  exhaled  during  the  perform- 
ance of  artificial  respiration  was  fully  equal  to  the  normal  quantity ;  and 
the  subsequent  experiments  of  MM.  Le  Gallois*  and  Chossatj  are  de- 
cidedly confirmatory  of  this  conclusion,  whilst  they  extend  it  to  other 
lesions  of  the  Nervous  centres,  the  influence  of  which  upon  the  calorific 
function  appears  to  be  proportional  to  their  severity. — Various  patho- 
logical phenomena,  moreover,  indicate  that  the  withdrawal  of  nervous 
influence  from  any  part  of  the  body  usually  tends  to  produce  a  depression 
of  its  temperature,  and  this  especially  in  the  extremities ;  thus  Mr.  H. 
EarleJ  found  the  temperature  of  paralysed  limbs  slightly  lower  than  that 
of  soimd  limbs ;  so  Prof.  Dunglison  has  noticed  that  in  one  case  of 
hemiplegia  of  five  months'  standing,  the  temperatiure  of  the  axilla  was 
96^°  on  the  sound  side,  and  96°  on  the  paralysed ;  whilst  that  of  the 
hand  was  87°  on  the  sound  side,  and  only  79^°  on  the  paralysed ;  and  in 
another  case  of  only  a  fortnight's  duration,  the  temperature  of  the  axilla 
was  100°  on  the  sound  side,  and  only  98^°  on  the  paralysed,  whilst  that 
of  the  hand  was  94°  on  the  sound  side,  and  90°  on  the  paralysed.  § 

417.  It  is  a  remarkable  fact,  however,  that  the  distmrbance  of  tempera- 
ture produced  by  severe  injiuries  of  the  Nervous  system,  occasionally 
shows  itself  in  the  opposite  direction.  Thus  it  has  been  noticed  by  many 
experimenters,  that  one  of  the  first  effects  of  division  of  the  spinal  cord 
in  the  back,  in  warm-blooded  animals,  is  to  raise  the  temperature  of  the 
posterior  part  of  the  body,  this  elevation  continuing  for  some  hours.  A 
case  is  recorded  by  Sir  B.  Brodie,  in  which,  the  spinal  cord  having  been 
so  seriously  injured  in  the  lower  part  of  the  cervical  region  that  the  whole 
of  the  nerves  passing-off  below  were  completely  paralysed,  the  heat  of 
the  body,  as  shown  by  a  thermometer  placed  on  the  inside  of  the  groin, 
was  not  less  than  111**;  and  this  notwithstanding  that  the  respiratory 
fimction  was  very  imperfectly  performed,  the  number  of  inspirations 
being  considerably  reduced,  and  the  coimtenance  being  livid.  ||  And  Prof. 
Dunglison  states  that,  notwithstanding  the  usual  depression  of  the  ther- 
mometer on  the  hemiplegic  side,  it  is  not  unfirequently  found  to  be  more 
elevated  than  on  the  soimd  side.lT  According  to  the  experiments  of  M. 
CI.  Bernard**  it  appears  that  an  elevation  of  temperature  constantly  takes 
place  on  one  side  of  the  fiice,  when  the  trunk  which  unites  the  Sympa- 
thetic ganglia  of  the  neck  on  that  side  is  cut  through ;  this  increase  being 
not  only  perceptible  to  the  touch,  but  showing  itself  by  a  thermometer 
introduced  into  the  nostrils  or  ears,  even  to  tlie  extent  of  from  7°  to  11° 
Fahr.  When  the  superior  cervical  ganglion  is  removed,  the  same  effect 
is  produced,  and  with  yet  greater  intensity.  This  difference  is  main- 
tained for  many  months,  and  is  not  apparently  connected  with  the  occur- 
rence of  inflammation,  congestion,  oedema,  or  any  other  pathological 
change  in  the  tissues,  tiiough  the  sensibility  of  the  parts  thus  affected  is 
no  less  augmented  than  their  temperature ;  moreover,  it  is  not  prevented 
from  manifesting  itself  by  the  division  of  any  of  the  cerebro-spinal  nerves 
of  the  lace.     The  fact,  however,  appears  to  be  sufficiently  explained  by 

♦  "  Annales  de  Chimie,"  1817 ;  and  **CEavrea  de  M.  Le  GWlois,"  torn.  ii. 

f  **  M6moire  sur  TlnBaence  de  Systdme  Nerveux  sur  la  Chaleur  Animale.** 

t  "  Medico-Chirurgical  Transactions,"  vol.  vii. 

§  **  Human  Physiology,"  7th  edit.,  vol.  ii.  p.  238. 

II  '*  Medical  Oazette,"  Jane,  1836;  and  **  Physiological  Researches,"  p.  121. 

t  "Amer.  Med.  Intelligencer,"  Oct.  18,  1838. 

♦•  "  Gaaette  M6dicale,"  F6Tr.  21,  1862. 
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the  Telaxation  of  the  walls  of  the  smaller  arteries  (ptoduGing  a  state  re- 
lemblirtg  a  penaaneiit  *blusli'),  and  tl^e  consequent  increaaa  in  the 
fifflux  of  blood  to  the  part,  which  lias  been  shown  by  Dr,  Aug.  Waller 
to  result  from  this  operation*  (See  §  227»)  A  curious  ex|>erimeut  made  bi 
Bernard  tends  to  show  that  the  quantity  of  blood  taken  up  by  any  on 
org^iu  is  aupphed  to  it  at  the  expense  of  anotber ;  and  that  the  exc^s  < 
bejit  develoj»ed  at  one  point  of  the  body  is  compensated  for  by  a  dun  in  u 
tion  in  some  other  part.  He  found  that  on  making  a  section  of 
Sympathetic  in  the  neck  of  a  Eabbit,  both  of  whose  ears  had  previously  i^ 
temperature  of  tt5°  F.,  the  temperature  rose  to  100*  F.  on  the  aide  an 
whkh  the  section  was  made,  whilst  it  fell  to  91°  F.  on  tiie  opposite 
side.  Wlien,  however,  the  peripheral  end  of  the  cut  nen^e  was  gal- 
vanized, the  temperatiu-e  foil  in  the  corresponding  eir,  and  rose  in  the 
opiMJsite  one.* 

418*  The  influence  which  conditions  of  the  Kervoua  System  are  thus 
shown  to  possess  over  the  function  of  Calorification,  has  led  some  Physio- 
logists and  even  Chemists  to  the  conclusion^  that  the  production  of  Heat 
is  essentially  dependent  upon  Nerv^ous  agency,  of  wliich  it  is  one  of  tlie 
manifestations,  Bnt^  as  Prof.  Liebig  justly  observes,  "  if  this  view 
exclude  chemical  action,  or  changes  in  the  arrangement  of  the  elemeutaiy 
particles,  as  a  condition  of  nervous  agency,  it  means  nothing  eke  than  I 
derive  the  presence  of  motion,  the  manifestation  of  force,  from  iiothin| 
But  no  force,  no  power,  can  come  of  nothing/'f  Tliat  the  production  < 
heat  in  living  bodies  may  take  place  witliout  any  po^ible  assistance  from 
Nervous  agency,  is  manifest  from  the  phenomena  of  Vegetable  heat;  and 
til  ere  can  be  no  reasonable  doubt  tliat  the  source  of  thla  production  is  a 
trtie  conibustive  process.  And  tlie  evidence  afforded  by  tbe  post-mortem 
production  of  heat  in  the  llumaa  subject  ( §  40G)  conclusively  points 
the  same  resnlt ;  more  particularly  as  the  elevation  of  temperature  ofe 
served  in  the  brain  was  uniforudy  less  tlian  that  which  was  manifest! 
in  other  large  organs. — But  the  phenomena  just  enumerateii  (and  manj 
otliers  tliat  might  l>e  cited)  can  scarcely  be  accoimted-for,  without  ad* 
mitting  Uiat  the  N'ervous  system  exerts  an  imjiortant  modilying  power 
upon  the  temperature  of  the  body,  which  may  be  either  elevateil 
depressed  through  ite  agency }  and  the  question  now  arises,  whether  tb 
operation  takes  place  through  the  inliuence  which  the  Nervous  system 
exerts  OTer  the  molecular  processes  oi'  Nutrition,  Secretion,  ttc,  or 
through  some  more  direct  method.  It  can  scarcely  be  denied  that  the 
first  of  these  cliannels  affords  not  merely  a  possible,  but  also  a  probable 
means,  for  the  exercise  of  such  influence  ;  but  still  it  is  diflicolt  to  con- 
ceive that  any  great  effect  can  be  thus  prothiced,  since,  as  already  shown, 
it  is  not  so  much  in  the  growth  as  in  the  disintegration  of  textures^ 
that  beat  is  produced  by  the  oxidation  of  tlieir  components.  On  the 
other  hand,  from  tJie  close  relation  which  exists  between  the  Vital  and 
the  Phytiical  forces,  it  can  scarcely  be  regarded  as  improbable  that 
Nervous  IS^rce,  generated  by  molecular  changes  In  the  Nervous  substano 
may  manifest  itself  under  the  form  of  Hent^  jnst  as  we  know  that 
manifests  itself  (in  the  electric  Fishes,  &Cp)  under  that  of  Electricity.} 
And  thus  it  is  quite  conceivable,  that  one  mode  in  which  alimonti     ~ 

*  Bernnrd«  "Le^ooa/*  1859|  O^me  Le^a* 

t  "Animal  Chcmijitr;f/'  Srd  edit.  p.  30, 

t  See  "Priac.  of  Comp,  Phys.,"  g|  46l^e6. 
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materials  may  be  applied  to  the  maintenance  of  Animal  Heat,  may  con- 
sist in  their  subservience  to  these  molecular  changes,  which  seem  to  take 
place  in  the  Nervous  substance  with  more  activity  than  in  any  other 
tissue ;  and  thus  a  large  measure  of  caloric  may  be  generated  through 
the  immediate  instrumentality  of  the  Nervous  system,  notwithstanding 
that  the  ultimate  source  of  its  development  lies  (as  in  the  Chemical 
theory)  in  the  oxidation  of  the  elements  of  the  food. — Such  an  hypothesis 
will  be  found  consistent,  the  Author  believes,  with  all  the  well-ascertained 
&cts  of  the  case ;  for  whilst  it  assigns  their  full  value  to  all  those  proofs, 
which  establish  (in  his  mind)  the  necessary  dependence  of  Calorification 
upon  the  changes  to  which  the  Respiration  is  subservient,  and  thus  upon 
the  supply  of  combustive  material  on  the  one  hand  and  of  oxygen  on  the 
other,  it  also  assigns  a  definite  modus  operandi  to  the  Nervous  system,  as 
an  instrument  largely  concerned  in  the  production  and  distribution  of  the 
heat  thus  generated, — this  modvs  operandi,  moreover,  being  in  such  com- 
plete harmony  with  the  other  manifestations  of  Nervous  power,  that  its  ex- 
istence might  almost  have  been  predicated  upon  general  considerations.* 
419.  We  have  now  to  inquire  whether  the  power  of  generating  Heat 
is  possessed  by  the  Human  subject  in  an  equal  degree  at  all  ages ;  this 
question  being  very  different  from  that  of  the  ordinary  temperature  of 
the  body  at  the  various  periods  of  life ;  since  an  individual  who  can 
maintain  a  high  temperature  when  the  surroimding  air  is  moderately 
warm,  may  have  very  little  power  of  bearing  continued  exposure  to 
severe  cold.  Important  analogical  evidence  on  this  point  has  been  supplied 
by  the  experiments  of  Dr.  W.  F.  Edwards  upon  the  lower  Mammalia, 
Birds,  &c.f  It  appears  fi:om  these  to  be  a  general  fact,  that,  the  younger 
the  animal,  the  less  is  its  independent  calorifying  power.  Thus  the  de- 
velopment of  the  embryo  of  all  Oviparous  animals  is  entirely  dependent 
upon  the  amount  of  external  warmth  supplied  to  it.  There  are  many 
kinds  of  Birds,  which,  at  the  time  they  issue  firom  the  egg,  are  so  deficient 
in  the  power  of  generating  heat,  that  their  temperature  rapidly  Mis 
when  they  are  removed  fi:om  the  nest  and  placed  in  a  cold  atmosphere ; 
it  being  shown  by  collateral  experiments,  that  the  loss  of  heat  was  not  to 
be  attributed  to  the  absence  of  feathers,  nor  to  the  extent  of  surface  ex- 
posed in  comparison  with  the  bulk  of  the  body ;  and  that  nothing  but  an 
absolute  deficiency  in  the  power  of  generating  it,  would  account  for  the 
fall  of  temperature.  This  is  quite  conformable  to  facts  well  ascertained 
in  regard  to  Mammalia.  The  foetus,  during  intra-uterine  life,  has  little 
power  of  keeping-up  its  own  temperature ;  and  in  many  cases  it  is  much 
dependent  on  external  warmth  for  some  time  after  birth.  The  degree  of 
this  dependence,  however,  differs  greatly  in  the  various  species  of  Mam- 
malia, as  among  Birds ;  being  less,  in  proportion  as  the  general  develop- 
ment is  advanced.  Thus,  young  Guinea-pigs,  which  can  run-about  and 
pick-up  food  for  themselves  almost  as  soon  as  they  are  bom,  are  firom 
the  first  independent  of  parental  warmth ;  whilst  on  the  other  hand,  the 
young  of  Dogs,  Cats,  Rabbits,  &c.,  which  are  bom  blind,  and  which  do 
not  for  a  fortnight  or  more  acquire  the  same  development  with  the  pre- 
ceding, rapidly  lose  their  heat  when  withdrawn  from  contact  with  the 
body  of  the  mother. 

*  See  the  Author's  Memoir  '  On  the  Matual  BelaiioiiB  of  the  Vital  and  Physical 
Forces,' in  **PhU  Trans.."  1860. 

+  **0n  the  Inflaence  of  Physical  Agents  on  Life/'  part  iii.  chap.  i. 
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420.  In  the  Human  speciea^  it  is  welj  known  that  exterDal  WEurmtl 
m  necesaary  for  tlie  Inlknt,  its  bodj  rapid jj  losing  heut  when  expos 
to  the  chilling  influence  of  a  low  temperature ;  but  the  tact  ia  too  oilen 
neglected  (under  the   erroneous  idea  of  *  harden ing '  tlie  constitution) 
during  the  early  years  of  childhood.     It  is  to  be  careMly  remembere«i|! 
that  the  development  of  Man  ia  slower  than  that  of  any  other  anijnal, 
and  that  his  calorifying  [xjwer  m  closely  connected  with  his  general  bodily 
vigour ;  and  though  the  infant  becomes  more  independent  of  it  as  deve- 
lopment advances,  it  is  many  years  before  the  standard  can  be  maintained 
without  assistance,  throughout  the  ordinary  vicisaitudes  of  external  tern- 1 
perature.     Especial  care  ia  required  with  regard  to  the  maintenance  of  1 
tile  bodily  he^it  by  artificial  warmth^  in  the  case  of  children  prematurely 
born ;  Jbr  tlie  e^irlier  the  period  of  embryonic  life,  the  less  is  the  power 
of  calorification  that  exists  for  some  time  ai^er  birth.     The  temperaturoj 
of  a  seven  months*  child,  though  weU  swathed  and  near  a  good  fire^  ■ 
found  by  Dr.  W.  Edwards,  within  two  or  three  hours  after  its  birth,  lo  \ 
be  no  more  than  89*0**     And  in  some  of  the  recorded  instances  in  whicli 
the  birth  has  taken  place  before  the  completion  of  the  sixth  month*  it 
has  not  been   found  jxjssible  to   maintain  the  warmth  of  the  infant  by 
exjjosure  to  the  radiant  heat  of  a  tire^  the  contact  of  the  warm  body  of 
another  person  being  the  only  eficctual  means  of  keeping  up  its  tempe- 
rature.— The  fUUest  measure  of  calorifyii^ig  power  is  posiiessed  by  adults ; 
but  even  in  them  it  is  sometimes  weakened  by  previous  exertion,  so  th&t 
death  by  the  cooling  of  the  body  may  occur,  when  the  body  is  exposed 
to  cold  of  no  great  intensity,  but  in  a  state  of  exhaustion  of  nervona 
power ;  a  fact  which  remarkably  confirms  the   views  advanced  in  the 
preceding  paragraph.     A  decrease  of  calorifying  power  takes  place  in 
advanced  age.     Old  people  complain  that  their  *^  blood  is  chill  ;**  and  they 
suffer  gr^tly  from  exposure  to  cold,  the  temperature  of  the  whole  body 
being  lowered  by  it 

421.  Theie  tacts  have  a  very  interesting  connection  with  the  results 
of  etatistical  inquiries,  as  to  the  average  number  of  deaths  at  di^fferent 
seaaoofi;  the  following  are  recorded  by  M,  Quetelet,*  as  occurriiig  at 
Brussels,  the  mean  monthly  mortality  at  each  age  being  reckoned  as  100. 
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We  see  from  this  table  that,  during  the  first  months  of  infant  life,  the 
external  temperature  has  a  very  marked  infiuence ;  for  the  average 
mortality  during  each  of  the  three  summer  months  being  80,  that  of 
January  is  nearly  140,  and  the  average  of  February  and  March  is  125. 
This  is  confirmed  by  the  result  obtained  by  MM.  ViUerm^  and  Milne- 
Edwards,  in  their  researches  on  the  mortality  of  the  children  conveyed  to 
the  Foundling  Hospitals  in  the  different  towns  in  France ;  for  they  not 
only  ascertained  that  the  mortality  is  much  the  greatest  during  the  first 
three  months  in  the  year,  but  also  that  it  varies  in  different  parts  of  the 
kingdom,  according  to  the  relative  severity  of  the  winter.*  As  child- 
hood advances,  however,  the  winter  mortality  diminishes,  whilst  that  of 
the  spring  undergoes  an  increase ;  this  is  probably  due  to  the  greater 
prevalence  of  certain  epidemics  at  the  latter  season  ;  for  the  same  condi- 
tion is  observed,  in  a  still  more  remarkable  degree,  between  the  ages  of 
8  and  12  years, — the  time  when  children  are  most  severely  affected  by 
such  epidemics.  As  the  constitution  acquires  greater  vigour,  and  the 
bodily  structure  attains  its  fiill  development,  the  influence  of  the  season 
upon  mortality  becomes  less  apparent ;  so  that  at  the  age  of  from  25  to 
30  years,  the  difference  between  the  summer  and  winter  mortality  is 
very  slight.  The  difference  reappears,  however,  in  a  very  marked  de- 
gree, at  a  later  period,  when  the  general  vigour,  and  the  calorifying 
power,  undergo  a  gradual  diminution.  Between  the  ages  of  50  and  65, 
it  is  nearly  as  great  as  in  early  infancy ;  and  it  gradually  becomes  more 
striking,  imtil,  at  the  age  of  90  and  upwards,  the  deaths  in  January  are 
158,  for  every  74  in  July  (a  proportion  of  2^  to  1);  and  the  average  of 
the  three  winter  months  is  145,  whilst  that  of  the  three  summer  months 
is  only  68,  or  less  than  one-half. — The  results  of  the  comparisons  which 
have  now  been  carried-out  for  many  successive  years,  in  the  Reports  of 
the  Registrar-General,  between  the  variations  in  the  weekly  rate  of  mor- 
tality in  the  Metropolis  and  the  range  of  atmospheric  temperature,  pre- 
sent a  close  coincidence  with  the  foregoing :  it  being  especially  to  be 
noted,  that  the  rate  of  mortality  (save  during  the  prevalence  of  any  fatal 
epidemic)  is  almost  invariably  the  highest  during  the  winter  months ; 
that  the  increase  of  deaths  at  that  period  is  most  marked  amongst  children 
and  old  people ;  and  that  any  extraordinary  severity  of  winter  cold  con- 
stantly produces  a  great  augmentation  in  the  mortality,  the  weekly 
number  of  deaths  rising  from  the  average  of  1100  (or  thereabouts)  to 
1600  or  even  1800,  when  the  mean  temperature  of  the  week  remains 
six  or  eight  degrees  below  the  fireezing-point. 

422.  Having  thus  considered  the  means  by  which  the  degree  of  Heat, 

*  necessary  for  the  performance  of  the  functions  of  the  Human  system,  is 

generated,  we  have  to  inquire  how  its  temperature  is  prevented  firom 

being  raised  too  high ;  in  other  words,  vfh&t  frigortfi/tng  means  there  are, 

to  counterbalance  the  influence  of  causes,  which  in  excess  would  other- 

*  Dr.  Emenon  has  shown  that,  in  the  Southern  and  Middle  States  of  North  America, 
the  high  summer  temperature  is  the  greatest  cause  of  Infant- mortality ;  the  proportion 
of  deaths  during  the  first  year  of  childhood,  occurring  in  the  months  of  June,  July,  and 
August,  being  about /our  times  greater  than  that  occurring  during  the  same  months  in 
any  subsequent  year  up  to  the  age  of  20.  The  winter  mortality  under  the  second  year 
scarcely  exceeds  the  average  of  subsequent  years.  ("  Amer.  Jour,  of  Med.  Sci.,'*  Nov. 
1831.) 
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wise  be  &tal,  hj  raiBing  the  heat  of  the  body  to  an  undue  degree  (§  430)* 
How  is  itj  for  example,  that,  when  a  person  enters  a  room  whose  atmo- 
sphere ia  he^ited  to  one  or  two  htmdred  degrees  above  his  body,  die  latter 
doei  not  parUike  of  the  elevation,  even  though  exposed  to  the  heat  for 
some  time  1  Or,  since  the  inhabitants  of  a  climate,  where  the  themio- 
meter  averages  lOO'*  fur  many  weeks  together,  are  continually  gene- 
rating additional  heat  in  their  own  bodies*  how  ib  it  that  this  does  not 
accumnlate,  and  raise  tliem  to  an  undue  elevation  ? — Tlie  means  pro- 
vided by  Nature  for  cooling  the  l>ody  when  necessary,  are  dt  the  simplest 
|K>iaib!e  character.  From  the  whole  of  its  so^l  moist  iurface,  simple 
E\}(ipnrafwn  will  take  pliTce  at  ail  times,  sa  from  an  inorganic  body  in 
the  sune  circumstances ;  and  the  aniourit  of  this  will  be  regulated  merely  , 
by  the  condition  of  the  atmosphere,  as  to  warmtb  and  dryness.  The 
more  readily  watery  vapour  can  be  dissolved  in  atmospheric  air,  th© 
more  will  be  lost  from  the  siirfiice  of  the  body  in  this  manner.  In  cold 
weather,  very  httle  is  thus  carried-off,  even  though  tlie  air  be  dry  :  and 
a  warm  atmosphere,  already  charged  with  dampness,  will  be  nearly  as 
ineffectuah  But  simple  evaporation  is  not  the  chief  means  by  whk-h 
the  temperature  of  the  body  is  regulated.  The  Skin,  as  already  men- 
tioned (§  339 )»  contains  a  large  number  of  glandulse,  the  othce  of  which  is 
to  secrete  an  aqueous  fluid  ;  and  the  amount  of  this  Exhalation  appears 
to  depend  aoJely  or  chieily  upon  the  tmipemture  of  tlie  surrounding  air. 
Thus,  when  the  external  heat  is  very  great,  a  considerable  amount  of 
fluid  is  transuded  from  the  skin ;  and  tliis,  in  evaporating,  carriea^off  a 
large  quantity  of  the  free  caloric,  which  would  otherwiso  raise  the  tem- 
jMBrattire  of  the  body.  If  the  attnosphere  he  hot  and  dry,  and  aJso  be  In 
motion^  both  ejchalation  and  evaporation  go-on  with  great  rapidity.  If 
it  be  cold,  both  are  checked,  the  former  almost  entirely  so ;  hut,  if  it  be 
dry,  some  evaporation  still  continues.  On  the  other  hand,  in  a  hot 
atmosphere  saturated  with  moisture,  exhalation  continues^  though 
evaporation  is  almost  entirely  checked  ;  and  the  fluid  poured- out  by  the 
exhalant  glands  accimiulates  on  the  skin.  There  is  reason  to  believe 
that  the  secretion  continues  even  when  the  body  is  immersed  in  water, 
provided  its  temperature  ha  high. — We  learn  from  these  tacts  the  grt^t 
importiuice  of  not  suddenly  checking  Exhalation,  by  exposure  of  the 
surface  to  cold,  when  the  secretion  is  being  activelj'  peribrmcd  ;  since  a 
great  disturbance  of  the  clrcultitlon  will  be  Ukely  to  ensue,  similar  to  that 
which  has  been  already  mentioned,  as  occurring  when  otlier  important 
se<;retions  are  suddenly   suspended. 


3.  EvoluUofi  of  Light 

423.  Although  the  evolution  of  Light  from  the  living  Human  subject 
IB  an  exceptional  phenomenon,  which  has  only  been  observed  in  morbid 
states  of  the  body,  yef  its  occsjsional  occurrence  is  fraught  with  int-erest 
to  the  Physiologist,  on  the  one  hand  from  its  relation  to  the  Luminosity 
so  common  among  tlie  lower  animals,  and  on  the  other  irom  the  indica- 
tions which  it  aftbrds  of  the  possibility  of  the  formation,  even  dtiruig  lil<*, 
of  peculiar  phoaphiU'etted  compounds^  wliicli,  being  ])roducts  of  incipient 
decomposition,  have  been  usually  supposed  to  be  generated  oidy  after 
death. — There  is  no  doubt  Uiat  luminous  exhalations  Ixeipiently  ascend 
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finom  burial-grounds ;  and  that  the  superstitions  of  many  nations  respect- 
ing '  corpse -lights '  have  to  this  extent  a  foundation  in  fact.  A  very 
decided  luminosity  has  been  observed  to  proceed  from  dissecting-room 
subjects,  the  light  thus  evolved  being  su^icient  to  render  the  forms  of 
the  bodies,  as  well  as  those  of  muscles  and  other  dissected  parts  (which 
are  peculiarly  bright),  almost  as  distinct  as  in  the  daylight.  That  this 
proceeds  from  the  production  of  a  peculiar  phosphorescent  compound, 
is  shown  by  the  fact,  that  the  luminosity  may  be  communicated  to  the 
fingers  or  to  towels,  &c.,  by  contact  with  the  Imninous  surfaces.* — Dr. 
W.  Stokes  narrates  the  case  of  a  patient  who  was  under  his  observation, 
some  years  since,  in  the  Old  Meath  Hospital,  having  been  admitted  on 
accoimt  of  an  enormous  cancer  in  her  breast,  which  was  in  an  advanced 
stage  of  ulceration,  the  edges  being  irregular  and  everted ;  every  part  of 
the  base  and  edges  of  this  cavity  was  strongly  phosphorescent,  the  light 
being  sufficient  to  enable  the  figures  on  a  watch-dial  to  be  distinguished 
within  a  few  inches ;  and  here  also  it  appeared  that  the  luminosity  was 
due  to  a  particular  exudation  from  the  exposed  surface.  Three  cases  are 
recorded  by  Sir  H.  Marsh,  in  which  an  evolution  of  light  took  place  from 
the  living  body,  without  any  such  obvious  source  of  decomposition ;  all 
the  subjects  of  these  cases,  however,  were  in  the  last  stage  of  phthisis ;  and 
it  can  scarcely  be  doubted  that  here,  as  in  other  diseases  of  exhaustion, 
incipient  disintegration  was  taking-place  during  the  later  periods  of  life 
(§  60).  The  light  in  each  case  is  described  as  playing  around  the  face, 
but  not  as  directly  proceeding  from  the  surface ;  and  in  one  of  these 
instances,  which  was  recorded  by  Dr.  D.  Donovan,f  not  only  was  the 
luminous  appearance  perceptible  over  the  head  of  the  patient's  bed,  but 
limiinous  vapours  passed  in  streams  through  the  apartment.  It  can 
scarcely  be  doubted  that  it  was  here  the  breath  which  contained  the 
luminous  compound,  more  especially  as  it  was  observed  in  one  of  the 
cases  to  have  a  very  peculiar  smell ;  and  the  probability  that  the 
luminosity  was  due  to  the  presence  of  phosphorus  in  progress  of  slow 
oxidation,  is  greatly  increased  by  the  fact  already  referred-to  (§  294), 
that  the  injection  of  phosphuretted  oil  into  the  blood-vessels  gives-rise  to 
a  similar  appearance.  In  repeating  this  experiment,  Sir  H.  Marsh  states 
that  when  half  an  ounce  of  olive-oil,  holding  two  grains  of  phosphorus  in 
solution,  was  injected  into  the  crural  vein  of  a  dog,  a  dense  white  vapour 
began  to  issue  from  the  nostrils  even  before  the  syringe  was  completely 
emptied,  which  became  faintly  luminous  on  the  removal  of  the  fights : 
and  the  injection  being  repeated  with  the  same  quantity,  the  expiration 
immediately  became  beautiftilly  limiinous,  resembling  jets  of  pale- 
coloured  fiame  pouring-forth  from  the  nostrils  of  the  animal.  And  the 
luminosity  which  has  been  occasionally  observed  in  the  urine,  J  may  fairly 
be  imputed  to  an  increase  in  the  quantity  of  imoxidized  phosphorus  whidb 

*  See  Sir  Herbert  Marsh  on  '*  The  Evolation  of  Light  from  the  LiTing  Human  Sub- 
ject" (Dnblin,  1842),  p.  20. — From  this  interesting  pamphlet,  most  of  the  statements 
in  this  paragraph  are  derived. 

t  "DnbUn  Medical  Press,"  Jan.  16,  1840. 

X  ''Gasper's  Wochenschrift,"  1849,  No.  15. — A  case  has  been  recently  put  on  record 
("BUchner'sRepert.,"  B.  viii.  p.  342),  in  which  the  urine  and  semen  of  a  patient  who  was 
under  treatment  for  impotence  and  spermatorrhoea,  and  who  was  employing  phosphoms 
as  a  remedy  both  intermdly  and  externally,  were  observed  to  be  luminous. 
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it  seems  normally  to  contain;  its  liberation  taking-pbce  «t  a  tnoter 
rapid  rate  than  its  conversion  into  phosphoric  acid,  either  through 
excessive  excretion  or  through  impeded  respirution,*  A  case  has  been 
recorded  by  Kaster  {loc.  cit*)  in  which  the  body-lineD  was  rendered  tomi- 
nons  by  the  persplmtion,  after  any  violent  exercise ;  and  here^  too,  the 
cause  may  be  presumed  to  have  been  the  same* — On  the  wboie,  then,  we 
may  conclude  the  occasional  evolution  of  Light  from  the  Human  subject^ 
to  be  the  consequence  (wlien  not  an  elect ncal  phenomenon)  of  the  pro- 
duction of  a  phospliorescent  compound  at  tlie  expense  of  the  disinte* 
grating  fcissocs  ;  which  compound  passas-off  through  one  of  the  ordmaiy 
ebannels  of  excretion. 

4,  Evolution  of  EkcUndty* 

424.  When  the  vast  variety  of  changes  of  condition  to  which  the 
oomponenta  of  the  living  body  are  subjected  during  the  performance  of 
it3  vital  operattons,  and  tile  impossibility  of  the  occurrence  of  any  of 
these  without  some  disturbance  of  Electric  eqiulibrium,|  are  duly  oon- 
alderedf  the  wonder  id^  not  that  such  dijsturbance  should  be  occasionally 
80  considerable  its  to  make  itself  apparent,  hut  that  it  should  l>e  ordinarily 
BO  obscure  aa  only  to  be  detected  by  the  moat  cureful  s^rch,  and  with 
the  assistance  of  the  most  delicate  instrum^ntB.  Tho  researches  of  Prof» 
Matteucci,  M.  du  Boij-Reymond,  and  others,  however,  have  now  mad« 
it  apparent,  tliat  there  are  no  two  parts  of  tlie  b€?dy  (sfive  those  which 
eorrespond  on  the  opposite  sidea)^  whose  electn<»l  condition  is  precisely 
the  same ;  and  ^at  the  difForences  between  them  are  greater  in  proportion 
to  the  diversity  of  the  vital  processes  which  are  taking-place  in  them, 
and  to  the  activity  with  which  these  are  being  carried -on.f — It  is  by  the 
comparison  of  the  electric  states  of  different  Secreting  surlaces,  that  such 
departures  from  equilibrium  are  most  readily  demonstrated.  Thus, 
Donn^  found  that  the  akin  and  most  of  the  internal  membranes  are  in 
opposite  electrical  states ;  and  Mattencci  observed  a  considerable  de^eo- 

*  The  large  proportion  of  intempemte  sabjccta,  among  those  who  cxhihit  tlili  pheiio- 
menoDf  eeena  to  coD&rm  the  view  already  expressed^  that  the  habitoul  pre^no^  of 
Alcohol  In  tlte  blood  luterferes  with  the  oxidation  iwd  eUiulaatioa  of  exJcremeotittuu« 
maiterB, 

+  There  ia  probably  do  instaDoe  of  ^mkol  unhn  or  deeompoiition^  in  which  th« 
El#cirio  condltJou  of  the  bodies  coacerned  is  not  altered.  Simple  ckan^r  q/  farm,  from 
aaUd  to  liquid,  or  from  liqaid  to  g«i«oui,  is  att^ded  with  electric  disturbo-uce  ■  and  thla 
ig  greatly  mereoa^d  when  any  acpftration  tales  plooe  between  snbBUinees  that  were  [ins* 
Tioaftly  united^  oa  when  water  containing  %  amall  quantity  of  saline  mattor  is  caus^  to 
eraporate  and  to  leave  It  behmd  Htat^  again ^  ifi  conihrnally  i^^nemtin)^  Electricity ; 
lor  not  only  Ift  a  current  prodae«d  by  the  heating  of  two  diBsimilar  metaU  in  contact^ 
but  idao  by  the  unequal  heiiting  of  two  parts  of  tlie  natne  bar  \  and  though  the  efleet  14 
moat  Ktrikiog  id  the  case  of  metAl»,  it  is  by  no  means  limited  to  them.  And  ao  oon* 
itantly  is  Blectridty  generated  by  the  retardation  of  m0tim\j  aa  in  friction,  that  it  is 
nol  posBible  to  rub-together  any  tiro  subt^tanccfi,  eKc^ptioff  those  whioh  are  of  the  most 
perfect  homogenoity  (sucb  as  the  fnvctnred  surfaces  of  a  broken  bar),  without  the  pro* 
ducdon  of  Eleobdc  change,  as  well  as  of  Heat. 

X  UaTing  bad  an  oppurtunity  of  witneaaing  aome  of  the  experiments  mode  by  M.  da 
Bok-Reymond  with  a  magneto-electrometer  of  extraordinary  8ensiti?eneaa,  the  Author 
can  bear  his  personal  testimony  to  the  fact,  tbrU  the  electricity  cf^en  of  tlie  correspoiidiug 
finger*  of  the  two  hands  is  very  ^Idom  equally  balanced,  and  that  the  existence  of  even 
th«  sligbieit  scratch  or  abrasion  of  surface  npcju  one  of  them  produces  a  irery  marked 
diituTbanoG^ 
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tion  of  the  needle  of  a  delicate  galvanometer,  when  the  liver  and  stomach 
of  a  rabbit  were  connected  with  its  platinum  electrodes.*  More  recently, 
Mr.  Baxter  has  fomid  that  if  one  of  the  electrodes  be  placed  upon  any 
part  of  the  intestinal  surface,  and  the  other  be  inserted  into  the  branch 
of  the  mesenteric  vein  proceeding  from  it,  a  decided  deflection  of  the 
needle  was  produced,  indicating  a  positive  condition  of  the  blood ;  but 
that  no  effect  was  produced,  when  the  second  electrode  was  inserted  into 
the  artery  of  the  part,  instead  of  into  its  vein.  These  effects  were  found 
to  cease  after  the  death  of  the  animals ;  and  could  not  be  attributed, 
therefore,  to  mere  chemical  differences  between  the  blood  and  the 
secreted  product ;  but  must  have  arisen  from  electric  disturbance  taking- 
place  in  the  very  act  of  secretion.f  Scoutetten,  again,  has  found  arterial 
blood  to  be  positive  in  its  relations  to  venous  blood. — That  the  process 
of  Nutrition,  as  well  as  of  Secretion,  in  parts  which  are  imdergoing  rapid 
molecular  change,  gives-rise  to  electric  distiu-bance,  is  proved  by  the  ex- 
periments of  Matteucci  and  Du  Bois-Reymond,  upon  the  relative  electrical 
states  of  different  parts  of  muscles  and  nerves.  If  the  two  extremities  of 
a  Muscle,  removed  from  the  body  of  an  animal  very  recently  killed,  be 
applied  to  the  two  electrodes  of  a  delicate  galvanometer,  there  is  usually 
some  deflection  of  the  needle ;  this  being  greater,  in  proportion  to  the 
difference  in  the  arrangement  of  the  muscular  and  tendinous  elements  at 
the  two  extremities.  Although  the  direction  of  the  current  is  constant 
for  each  muscle,  yet  there  is  no  constant  relation  between  the  direction 
of  the  currents  and  the  position  of  the  muscles  in  the  body ;  thus  in  the 
gastrocnemius  of  the  Frog's  leg,  the  direction  is  from  the  foot  towards  the 
body,  whilst  in  the  sartorius  it  is  the  reverse.  Taking  all  the  muscles 
of  a  part  together,  however,  there  is  usually  such  a  want  of  balance 
between  the  opposite  currents,  that  a  constant  current  is  established  in 
the  direction  of  the  strongest  and  most  numerous  of  the  separate  muscular 
currents ;  this,  in  the  Frog,  passes  uniformly  from  the  hind-feet  towards 
the  head,  and  was  at  one  time  supposed  to  be  peculiar  to  that  animal ; 
but  a  similar  current  may  almost  always  be  detected  in  other  animals. 
The  muscular  current  grows  feebler  and  feebler,  the  longer  the  muscle 
has  been  removed  from  the  body ;  it  is  affected  by  any  agents  which 
tend  to  lower  its  vitality,  and  becomes  extinct  as  soon  as  its  contractility 
ceases.  From  the  experiments  of  M.  du  Bois-Reymond,  it  may  be  con- 
cluded that  the  current  in  the  arm  of  Man,  when  at  rest,  is  from  the 
shoulder  towards  the  points  of  the  fingers.  (The  special  conditions  of  the 
'Nervous'  and  *  Muscular'  currents  will  be  hereafl«r  ftdly  considered 
in  the  chapters  devoted  to  the  Nerves  and  Muscles  respectively.) 

425.  Some  of  the  most  important  parts  of  the  body  being  thus  in  a 
state  of  constant  disequilibrium  with  regard  to  each  other,  it  is  not  sur- 
prising that  the  Electric  state  of  the  whole  should  be  ordinarily  in  dis- 
equilibrium with  that  of  surrounding  bodies.  This  difference,  however, 
is  usually  prevented  from  manifesting  itself,  in  consequence  of  the  resto- 
ration of  the  equilibrium  by  the  free  contact  which  is  continually  taking- 
place  between  them ;  and  it  is  for  the  most  part  only  when  the  Human 
body  is  insulated,  that  it  becomes  apparent.  The  galvanometer  is  then 
affected,  however,  by  the  contact  of  one  of  its  electrodes  with  the  person 

*  See  M.  BecquereVs  *'Trait6  de  T Electricity,"  torn.  i.  p.  827,  and  torn.  iv.  p.  800. 
t  "Philoaophical  Traneactionfl,"  1848,  p.  248. 
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insulated,  and  tho  otlier  with  any  neighbouring  mninsiilated  body ;  and 
aho  by  the  contact  of  the  electrodes  with  the  hands  of  two  persons  both 
Inmilatedf  who  join  their  other  handa  together^  a  difference  in  die  electrical  I 
statea  of  the  two  individuals  being  thus  indicated.  The  electricity  of  Man 
is  moBt  commonly  poaitiveT  and  irritable  men  of  sanguine  temperament 
have  more  firee  electricity  than  those  of  phlegmatic  character.  The  elec- 
tricity of  women  ia  more  frerjucntly  negative  than  tlmt  of  men*  There 
are  persons  who  scarcely  ever  pull  off  articles  of  dress  which  have  been 
worn  next  the  akin,  without  sparks  and  a  crackliug  noise  being  produced; 
esjjecially  in  dry  weather^  when  the  electricity  of  ilie  body  is  retained, 
instead  of  being  rapidly  diaaipated  aa  it  is  by  a  damp  atmoaphere.  Tlie 
effect  ia  usually  heighteiiedjif  ailk  stockings  and  other  silken  articles  have 
been  worn,  since  these  act  us.  instilators.  It  is  doubtleas  in  part  attri- 
butable to  the  friction  of  the  articles  of  dress  against  e^ch  other  and 
against  the  body ;  but  we  can  scarcely  doubt  that  it  is  f tartly  due  to  the 
generation  of  electricity  in  the  body  itself,  since  it  bears  no  constant 
relation  to  the  former  of  these  supposed  causes.  Thns  a  Capuchin  friar 
ia  mentioned  by  Dr,  Schneider,*  who,  on  removing  his  cowl,  always  found  j 
a  number  of  fining  crackhng  sparks  to  pass  firom  his  scalp;  and  thb  I 
phenomenon  continued  still  percei>tible  after  a  three  weeks*  illness.— *Tho! 
moat  remarkable  case  of  the  generation  of  Electricity  in  the  llumsm 
atibject  at  present  kno^vn,  waa  recorded  aome  years  since  in  Ameriea.']" 
The  subject  of  it,  a  lady^  was  for  many  months  in  an  electric  state  ao 
different  from  that  of  surrounding  bodies,  tlmt  whenever  she  ivaa  but 
slightly  insulated  by  a  carpet  or  other  feebly*oonducting  medium^  sjiarka  ^ 
passed  between  her  person  and  any  object  she  approached;  when  most 
fevourably  circumstanced,  four  sparks  per  minute  would  pass  from  her 
finger  to  the  brass  ball  of  the  stove  at  ^e  distance  of  1 1  inch.  From 
the  pain  which  accompanied  the  passage  of  the  aparks,  her  condition  was 
a  Bource  of  much  disconilbrt  to  her.  The  circnmstances  which  appeared 
most  &vourable  to  the  generation  of  the  electricity,  were  an  atnioaphere 
of  about  80'*^  tranquilhty  of  mind,  and  social  enjoyment ;  whilst  a  low 
temperature  and  depressing  emotions  diminished  it  in  a  corre3j)Ouding 
degree.  The  phenomenon  was  first  noticed  during  the  occurrence  of  an 
Aurora  Borealis;  and  though  its  first  appeaxanca  was  fflidden^  its  departure 
was  gradual.  Various  experiments  were  made^  with  a  view  of  siacer- 
taining  if  the  electricity  was  generated  by  the  friction  of  articles  of  dress; 
but  no  change  in  these  seemed  to  modify  its  intensity. 

*  "Casper'fl  WodtensRhnft/*  1S49,  Nn.  15. 

f  *^  AmerioaJi  Journal  af  Medloal  Sdeacjea,*'  JajinEifj,  1E3S. 
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OF   THE   FUNCTIONS   OF  THE    CEREBRO-SPINAL   NERVOUS    SYSTEM. 

1.  General  Summary, 

426.  ITie  Nervous  System  of  Man,  like  that  of  all  other  Animals,  is 
composed  of  ganglionic  centres  and  nerve-trunks ;  the  former  being 
esaentially  composed  of  *  vesicular  substance,'  made-up  of  cells  which  may- 
be spheroidal,  fusiform,  caudate,  stellate,  or  of  almost  any  variety  of  shape; 
the  latter  consisting  entirely  of  *  nerve-fibres,'  which,  in  their  most  com- 
pletely-developed state,  are  tubular.  All  our  knowledge  of  the  structure 
and  endowments  of  these  two  forms  of  tissue,  renders  it  probable  that 
they  bear  a  complementary  relation  to  each  other ;  the  Vesicular  substance 
having  for  its  office  to  originate  changes,  which  it  is  the  function  of  the 
Fibrous  to  conduct.  And  thus,  by  means  of  the  extensive  ramifications 
of  the  nerve-trunks,  and  the  power  of  instantaneous  transmission  which 
they  possess,  almost  every  part  of  the  body  is  brought  into  such  close 
relation  with  the  central  Sensorium,  that  impressions  made  even  at  the 
points  most  remote  firom  it  are  immediately  felt  there  (provided  the 
nervous  communication  be  perfect) ;  while  the  influence  of  Mental  states 
in  determining  movements,  is  exerted  no  less  speedily  and  surely  upon 
the  muscular  apparatus.  For  the  transmission  of  these  two  sets  of  im- 
pressions, the  *  centripetaF  and  the  *  centrifugal,'  two  distinct  sets  of  fibres 
are  provided,  neither  of  which  is  capable  of  taking-on  the  function  of  the 
other ;  these  are  termed  respectively,  the  afferent  and  the  efferent,*     Of 


Fio.  88. 


Fio.  89. 


MienMcopie  Ganglion  from  Heart  of  Frog» 
•hewing  at  a,  a  Unipolar  OangUonie  Cell. 


Bipolar  QangUonie  CeUt  and  nerre^fibres 
from  ganglion  of  6th  Pair  in  Lamprey. 


•  The  *  afferent*  neryes  are  commonly  designated  sensory  ;  but  this  is  not  strictly 
eorrect,  since  they  frequently  convey  impressions  which  do  not  give  rise  to  sensations. 
The  *  efferent*  nerves,  in  like  manner,  though  generally  motor,  are  by  no  means 
xily  so. 
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the  mode  in  which  the  former  terminate  in  the  central  organs  towards 
whicli  they  pasa,  and  in  which  the  latter  commence  their  cgurse  in  these 
same  orgsnSj  no  general  Htatement  can  as  jet  be  made ;  but  it  1^  quite 
certain  that,  in  many  instanceB  at  least,  there  ia  an  alisoInt«  continuity 
from  one  Ibrm  of  uer^T-tiMue  to  the  other.  Threa  principal  modes  have 
been  n^ertaineil^  in  wliich  this  may  occur.  Either  a  globular  ceO  may 
give-ofl:  a  single  prolongation  that  becomes  a  fibre,  as  seen  at  rt,  Fig.  88  ,■ 
in  which  cjise  the  cell  ia  said  to  be  *  unipolar/  Or  a  gangLion-e^ll  presents 
itaell'  (as  it  were)  in  the  course  of  a  nerve-tube,  having  each  of  \\a 
extremities  prolonged  into  a  tibre,  a  a  shown  in  Fig.  89 ;  in  whidi  case 
the  cell  is  said  to  l:>e  *  bipolar.'  Tiie  former  of  these  arrangements  seenifl 
to  be  more  common  in  the  nervous  centres  of  Man  and  the  higher  Verte- 
brata ;  whilst  the  latter  prevails  in  Fishes,  But  in  certain  parta  of  the 
nervous  centrea  of  Man,  we  meet  with  gangliouic  cells  sending-out 
radiating  prolongations  to  the  number  of  three,  four,  five^  six,  or  more ; 
some  of  which  are  occasionally  to  be  traced  into  continuity  with  the  asids-' 
cylinders  of  nerve^tubea^  as  seen  at  a^  b^  Fig.  90 ;  whilst  others,  it  is 

Pia.  m. 


SUliiif*  Gan^lionin  CeU^  A'om  *  nubttuitla  ferru^nen*  of  Humsn  Brain  j  tmc  qIUm  t^rolonga- 
tbtis,  a,  becMMning  ctiutlnuoui  with  tbe  uxiiHi^ylitidi'r  of  a  dciublis^oiitourcd  Derrg-fibre,  fr« 


probable,  inosculate  with  those  of  other  stellate  cells*  Dr,  Beale*  has 
adduced  strong  evidence^  derived  from  microscopic  investigation  with 
high  power,  that  all  nerves  primarily  originate  in  ganglionic  cells ;  th^t 
such  cells,  without  exception,  are  connected  with,  or  pass  into,  fibres ;  and 
that  there  are  no  free  nerve-cells  wliatever :  and  he  is  of  opinion  tliat 
many  anatomical  facts  may  be  brought  forward,  rendering  it  very  probable 
that  a  fibre  passing  ^mm  a  cell  in  a  nerfc^ous  centre,  returns  to  the  same 
cell ;  and  thus  that,  however  long  and  circuitous  its  course,  and  however 

*  "Archiveiof  Ifedlctnep*'  vol  iii*  p.  1S3I, 
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muneroiis  its  connections  with  other  cells  and  fibres  may  be,  a  complete 
and  iminterrupted  circuit  may  be  shown  to  be  constantly  present.* 

427.  Regeneration  of  Nervous  Structure, — If  a  nerve  be  divided  by  a 
sharp  instrument,  and  the  ends  placed  in  apposition,  they  will  rapidly  re- 
unite, with  complete  restoration  of  function.  The  imion  is  accomplished 
by  the  effusion  of  lymph  containing  nuclei,f  which  become  connected  by 
fibres  that  ultimately  form  the  axis  cylinders  of  new  nerves ;  the  medul- 
lary sheath  being  subsequently  developed  around  them.  It  is  questionable 
whether,  after  extirpation  of  a  ganglion,  new  ganglionic  corpuscles  can  be 
formed;  yet,  in  Brown- S^quard's  experiments  upon  pigeons,  it  was  foimd 
that  the  whole  spinal  cord  would  reunite  after  division,  with  almost  com- 
plete restoration  of  function.  The  distal  extremities  of  nerves  serrated 
firom  their  centres  by  section  undergo  fatty  degeneration.  J  Various  expe- 
rimenters have  sought  to  determine  whether  a  sensory  nerve  can  be  made 
to  convey  motor  impulses,  and  vice  versd.  For  this  purpose,  no  nerves 
are  more  conveniently  situated  than  the  hypoglossal  and  lingual  branch 
of  the  Fifth.  If  these  be  divided,  and  the  peripheric  extremity  of  the  hypo- 
glossal nerve  be  placed  in  apposition  with  the  outer  extremity  of  the 
lingualis,  in  a  few  weeks  union  will  have  occurred ;  and  although  the 
muscles  may  be  excited  to  contract  by  an  electrical  current  applied  to  the 
lingualis  or  sensory  nerve,  yet  there  is  total  loss  of  voluntary  control  over 
the  lingual  muscles ;  and  if  the  operation  be  performed  on  both  sides,  the 
animal  is  rendered  permanently  incapable  of  protruding  its  tongue.  §  Yet 
Philippeaux  and  Vulpian||  draw  the  conclusion  from  their  experiments, 
that  when  the  properties  of  the  hypoglossal  nerve  have  been  abolished 
by  section,  after  the  lapse  of  some  time  the  lingualis  acquires  motor  powers 
which  it  did  not  previously  possess. 

428.  The  chemistri/  of  the  Nerves  has  hitherto  received  but  little 
attention  at  the  hands  of  Chemists.  The  Brain  contains  about  7o  per 
cent  of  water,  and  25  of  solid  residue,  of  which  about  15  parts  consist  of 
fetty  substances,  7*5  of  albuminous  compounds,  1*5  of  salts,  and  1  of 
extractive  matters.  The  proportions  of  these  constituents,  however,  are 
different  in  otlier  parts  of  the  nervous  system  ;  the  amount  of  water,  for 
instance,  varying  from  70  to  85  per  cent.  The  fat  contained  in  the  grey 
matter  is  always  much  smaller  than  that  in  the  white.  100  parts  of  the 
fetty  substances  consist,  according  to  v.  Bibra,  of  30  parts  of  Cerebrin, 
20  of  Cholesterine,  and  50  of  other  oleaginous  substances,  including  Oleo- 
and  Glycero-phosphoric  acids.  Lecithin,  Olein,  and  Palmitin,  and  the  Oleic 
and  Palmitic  acids.  Besides  these,  v.  Gorup-Besanez^  enumerates  an 
albuminous  substance  resembling  Syntonin,  a  substance  analogous  to 
Elastin,  small  quantities  of  a  soluble  albiuninous  substance,  Inosite, 
Sarkin,  Xanthin,  Creatin,  Lactic,  Uric,  and  Phosphoric  acids,  and  their 
combinations  with  Potash,  Lime,  and  Magnesia;  Silicic  Acid,  Oxide  of 
Iron,  small  quantities  of  Alkaline  Sulphates,   and  lastly.    Chloride  of 

*  We  shall  hereafter  see,  however,  in  conBidering  the  distribotion  of  Nerve  in  volon- 
tery  mnscle,  that  the  last  proposition  is,  to  say  the  least,  very  doubtful 

f  Hjelt-Otto,  *•  Virchow's  Archiv,"  xix.  p.  352. 

t  See  Schiff^  "  Physiologie/'  p.  iii. 

§  See  the  experiments  of  Gluge  and  Tbiemesse,  in  Brown -S^qnard's  *' Joum.  de  la 
Phytiologie,*'  1859,  vol.  ii.  p.  686;  also  those  of  Philippeaux  and  Yulpian,  **Compte« 
Bendua,"  1860,  ii.  p.  363,  and  1863,  p.  58. 

H  "Archiv.  a^n.  de  M6d,"  July  1863,  p.  122.  ^  "Phys.  Chem.,"p.  624. 
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Sodium.     Tlie  quantity  of  Phospliorus  is  yery  large,  amotiiitiBg»  accord* 
iog  to  Borsarelli,*  to  from  1*352  to  1*7SKJ  per  cent. 

429*  As  r^Erds  the  general  relations  of  the  principal  Centres  of  the 
Nervons  Sjat^m  of  MEtn,  it  is  only  requiaite  here  to  remark,  that  those 
which  make-up  the  Cerebro-Spinal  portion  of  the  apparatus  have  such  an 
intimate  structural  relation  to  each  other^  and  bo  much  more  frequetitly 
act  conicntaneoualy  than  separately,  that^  notivithstanding  the  abundant 
evidence  of  the  div^ersity  of  their  respective  endowmenta,  tJiere  is  coo* 
aiderable  difficulty  in  the  determination  of  their  special  functions ;  since 
the  destruction  or  rem  oral  of  any  one  portion  of  the  Nervous  system,  not 
only  puts  a  stop  to  the  phenomena  to  which  that  portion  is  directly  mib- 
flcrvient,  but  so  deranges  the  general  train  of  nervous  activity,  that  it 
often  becomes  impossible  to  ascertain^  by  any  such  method,  what  is  its 
real  share  in  the  entire  performance. — In  this  difficulty,  however,  we  nmy 
advantageously  have  recourse  to  the  study  of  the  structiu-e  and  actions  of 
those  forma  of  the  Nervous  System  presented  to  us  among  tlie  Iowa* 
Animals^  in  which  its  ganglionic  centres  are  fewer  and  less  intimately  con-* 
Bected,  and  in  which ^  therefore,  it  is  more  eaay  to  gain  an  acqaaintaui 
with  their  several  endowments.  And  from  an  extensive  survey  of  these, 
we  seem  able  to  deduce  the  following  conclusions,  which  afford  the  most 
valuable  guidance  in  the  study  ol^the  Nervous  System  of  Man  :f — 

I,  The  Nervous  System,  in  its  lowest  and  simplest  Ibrraj  may  consist  of 
but  a  single  ganglionic  centre.J  with  aflcrent  and  motor  nerves,  whose 
function  is  essentially  intertmiwml;  impressions  made  upon  the  afferent 
fibres  exciting  respondent  or  *  reflex'  movement!  in  the  muscles  supplied 
by  the  motor,  wiihout  any  necessary  intervention  of  consciousness,' — 
Such  movements  are  properly  distinguished  as  excito-motor. 

H,  A  simple  repetition  of  such  ganglionic  centres  may  exjst  to  anj  ^^ 
extent,  without  heterogeneoiisness  of  function,  or  any  essential  departuni^^l 
from  the  mo<ie  of  action  just  indicated;   each  of  these  centres  may  b©^^^ 
specially  connected  by  afferent  and  motor  fibres  with  one  segment  or 
division  of  the  body,  and  may  minister  peenliarly  to  its  actions ;  hut  the 
several  centres  may  be  so  intimately  connected  by  commissural  fibres, 
that  an  impression  made  upon  the  afferent  nerves  of  any  one  of  them 
may  excite  respondent  motions  in  other  segments. — This  we  see  effected 
through  tlie  annular  gangliated  cord  of  the  higher  Radiata^  and  through 
the  longitudinal  gangliated  cord  of  the  Articulata ;    the  disposition  of  tie 
ganglia  and  of  their  connecting   cords,   having  reference  simply  to  the 
general  plan  of  the  body. 

Ill,  A  higher  form  of  Nervous  System  is  that  in  which  the  multiphea- 
tion  of  ganglionic  centres  hjjs  reference^  not  to  the  niulfi plication  of 
similar  pjirts  which  are  to  he  alike  supplied  with  nervous  power,  but  to 
the  exercise  of  a  diversity  of  frmctiona,  through  the  instrumentalily  of 
different  structtu'es :   thus,  in  the  higher  Articulated  and  Moliuscoua  ( 

*  **  Syd.  Soc.  Tear^Book;"  1861,  p.  S2. 

f  For  a  general  view  of  the  fncta  on  which  IhesQ  eondustons  are  basad,  e^  ^THnet  of 
Oomp.  PlijB,,"  climp.  liii* 

t  It  mfty,  pcrhapa,  be  doubted  wb ether  any  Animal  r^llj  exilt^  poseesaing  bqc^  i 
nervoas  sjatem,  und  yet  not  endoia^pd  with  conBciousnesi.  It  ia  quite  cerUiiri,  however, 
that  aDimala  do  exiflt  (the  Tuuicated  Mollu&ea  fttr  example),  fn  which  tUe  actions  aboT« 
rufi^rred'to  aro  the  calj  ones  of  which  we  hare  any  distiacrt  evidence  ftQm.  obierriLtioQ 
of  their  habiis. 
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tribes,  we  find  ganglionic  centres  specially  set  apart  for  the  actions  of 
deglutition  and  respiration,  as  well  as  for  those  of  locomotion ;  but  their 
tnodus  operandi  is  still  the  same,  these  actions  being  all  ^  excito-motor,' 
that  is,  being  performed  through  the  *  reflex'  agency  of  their  several 
ganglionic  centres,  without  the  necessary  intervention  of  consciousness. 
These  centres  are  connected  with  each  other  commissurally,  when  they 
are  required  to  act  with  consentaneousness ;  and  it  is  frequently  to  be 
observed  in  the  most  developed  forms  of  each  type,  that  they  come  into 
actual  coalescence,  their  functional  distinctness  being  still  indicated,  how- 
ever, by  the  distribution  of  their  nerve-trunks. 

IV.  In  all  but  the  very  lowest  Invertebrata,  the  Nervous  System  in- 
cludes, in  addition  to  the  foregoing,  certain  ganglionic  centres,  situated 
in  the  neighbourhood  of  the  entrance  to  the  digestive  cavity,  and  con- 
nected with  organs,  which,  firom  their  more  or  less  close  resemblance 
to  our  own  instruments  of  special  sense,  we  conclude  to  be  organs  of 
flight,  smell,  hearing,  &c.  Now  as  we  know  from  our  own  experience, 
that  impressions  made  upon  these  organs  produce  no  influence  on  our 
actions  imless  we  become  conscious  of  them,  and  as  the  Invertebrata 
possess  no  distinct  ganglionic  centres  of  a  higher  character,  it  seems  to 
be  a  legitimate  inference,  that  these  'sensorial'  ganglia  are  the  instru- 
ments by  which  the  animals  furnished  with  them  are  rendered  cognizant 
of  such  impressions,  and  through  which  the  sensations  thus  called  into 
existence  serve  to  prompt  and  direct  their  movements.  What  is  com- 
monly designated  as  the  *  brain'  of  Invertebrata  (more  properly  their 

*  cephalic  ganglia')  cannot  be  shown  to  consist  of  anything  else  than  an 
assemblage  of  sensorial  centres ;  and  its  actions  appear  to  be  entirely  of  a 

*  reflex'  character,  such  of  the  movements  of  these  animals  as  are  not 
excito-motor,  being  performed  (there  is  strong  reason  to  believe)  in  direct 
respondence  to  sensations  excited  by  internal  or  external  impressions. 
Such  movements,  therefore,  may  be  designated  as  sensori-motor,  or  con- 
sensual, hike  the  preceding,  they  do  not  appear  to  involve  the  partici- 
pation either  of  Emotion,  Reason,  or  Will ;  and  the  proportion  which  they 
bear  to  the  actions  of  the  excito-motor  kind,  seems  to  correspond  pretty 
closely  with  the  relative  development  of  the  cephalic  ganglia  and  of  the 
rest  of  the  nervous  system,  as  is  very  obvious  when  the  larva  and  imago 
states  of  Insects  are  compared. — However  disjointed  the  various  *  excito- 
motor'  centres  may  be  amongst  each  other,  we  uniformly  find  them 
connected  with  the  *  sensory'  ganglia  by  commissural  tracts ;  and  this 
anatomical  fact,  with  many  phenomena  which  observation  and  experi- 
ment upon  their  actions  have  brought  to  light,  makes  it  apparent,  that 
besides  the  reflex  actions  which  are  performed  through  their  own  direct 
instriunentality,  the  sensory  ganglia  have  a  participation  in  those  per- 
formed through  other  ganglionic  centres.  Thus  it  seems  probable  that  a 
stimulus  transmitted  downwards  from  the  sensory  ganglia,  to  one  of  the 
ganglia  of  the  trunk  of  a  Centipede,  excites  the  efferent  nerves  of  that 
ganglion  to  call  into  contraction  the  muscles  supplied  by  them,  just  as 
the  excitor  influence  arriving  at  that  ganglion  through  its  own  afferent 
nerves  would  do. 

430.  The  whole  Nervous  System  of  Invertebrated  Animals,  then, 
may  be  regarded  as  ministering  entirely  to  purely-rejlex  action ;  and  its 
highest  development,  as  in  the  class  of  Insects,  is  coincident  with  the 
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highest  manifestations  of  the  *  instinctive"  powers,  wMch,  when  carefully 
exanuned,  are  found  to  eoiisiit  entirely  in  movements  of  the  exeito- 
motor  and  aensori -motor  kiiida.  Wieu  we  attentively  consider  tlie  habiti 
of  theae  animals,  we  jind  that  their  aetiDns,  tliough  evidently  adapted  lo 
the  attainment  of  certain  edds,  are  very  far  from  evincing  a  desisted 
adaptation  on  tlie  part  of  the  Iteinga  that  perform  them^  such  as  that  of 
which  we  are  ourselves  conacions  in  our  own  voluntary  movements,  or 
which  we  trace  in  the  operations  of  the  more  intetligent  Yertebrata.| 
For  121  the  hrat  place,  these  actions  are  inviu'iably  pcribnn^  in 
same  manner  hy  all  the  individuals  of  a  speciesi  when  tiie  conditionB  ; 
the  f^me;  aad  thna  are  obviously  to  be  attributed  rather  to  a  uuifonn' 
impulse,  than  to  a  free  choice;  the  most  remarkable  examples  of  this 
being  furnished  by  the  economy  of  Bees,  Wasps,  and  otlier  *  social'  In- 
iects,  in  which  every  individual  of  the  community  performs  its  appro- 
priate part,  with  the  exactitude  and  method  of  a  perfect  machine,  Th^j 
very  perfection  of  the  adaptation,  again,  is  often  of  itself  a  suMcien 
evidence  of  the  unreasoning  character  of  the  beings  which  perform  th« 
work ;  lor,  if  we  attribute  it  to  their  own  intelligence,  we  most  admit 
that  this  intelligeuce  frequently  equab,  if  it  does  not  surpaas,  thiit  of  the 
most  accomplished  Human  reasouer,*  MoreoveTj  these  optjrations  are 
peHbrmed  without  any  guidance  from  experience ;  for  it  cau  be  ]jroved 
in  niauj  cases,  that  it  is  impossible  for  the  beings  which  execute  them 
to  have  received  any  instrviction  whatever ;  and  we  see  that  they  do  not 
themselves  make  any  progressive  attempts  towards  perfection,  but  that 
they  accomplish  their  work  as  weJl  when  tliey  first  apply  themselves  to 
it,  as  alter  auy  number  of  repetitions  of  tlie  same  acts.  It  m  interestiiig 
to  ol  (serre,  moreover,  that  as  these  instinctive  operations  vary  at  difierenb 
peri  Otis  of  life,  so  there  is  a  corresponding  variation  in  the  structure  of 
the  Nervous  system.  Thus  we  see  that,  in  the  larva  of  the  Ineectf  these 
operations  are  entirely  directed  towards  the  acquisition  of  food ;  and  its 
orgnns  of  sense  and  locomotive  powers  are  only  so  far  developed  as  to 
Berve  this  purpose.  But  in  the  imago  or  pertect  Insect,  the  prinmiy 
object  is  the  condnujuice  of  the  race ;  and  the  sensorial  and  motor  en* 
dowmenta  are  adapted  to  enable  the  individual  to  seek  its  mate,  and  i 
make  pre^varationa  (frequently  of  a  most  elaborate  kind)  for  the  nurture  1 
of  the  offspring. — Hence  we  can  scarcely  tail  to  arrive  at  the  conclufliou, 
tliat  the  adaptiveness  of  tlie  instinctive  operations  of  Insects,  &c.,  lies  in 
the  original  construction  of  their  nervoufl  system,  which  causes  particular 
movements  to  be  executed  in  direct  respondence  to  certain  impressionaj 
and  sensations.  And  tins  view  is  coniinned  by  the  comparison  of  guchl 
movements  with  those  which,  in  tlie  Human  subject,  are  most  directly 
concerned  in  the  maintenance  of  the  hte  of  the  individual,  and  in  the 
perpetuation  ol'  the  race.  For  we  have  the  evidence  of  our  owia  con-rj 
aciousness  in  regard  to  these,  that,  however  obvious  their  purpose  may  1 
and  however  complete  their  aJapMion  to  that  purpose,  tliey  are  per- 
formed, not  with  any  notion  of  that  purpose,  but  at  the  promptmg  of  an 
irresistible  impulse,  which  is  not  only  indeficndent  of  all  intelligent 
appreciation  of  the  result,  but  may  produce  its  effect  without  even 
affecting  the  consciousness  of  the  agent.      Thus  the  iniant  seeks  the 


*  i*ef  "Prine.  uf  Coiup.  Phj&,"  4tii  edit.,  p.  6©4» 
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nipple,  and  puts  its  muscles  into  suctorial  action,  without  any  know- 
ledge, derived  from  experience,  that  by  so  doing  it  will  relieve  the  un- 
easy feeling  of  hunger ;  and  if  we  could  imagine  a  man  coming  into  the 
world  with  the  full  possession  of  all  his  faciUties,  we  may  feel  tolerably 
certain  that  he  woidd  not  wait  to  eat  imtil  he  had  learned  by  experience 
his  dependence  upon  food.  We  shall  see  that  adult  animals  whose  Cere- 
bral hemispheres  have  been  removed,  will  eat  food  that  is  put  into  their 
mouths,  although  they  will  not  go  to  seek  it ;  and  this  is  the  case  with 
many  Human  idiots.  When  the  functions  of  the  Brain  are  disturbed,  or 
in  partial  abeyance,  as  in  fever,  we  often  observe  a  remarkable  return  to 
the  instinctive  propensities  in  regard  to  food;  and  the  Physician  frequently 
derives  important  guidance  with  respect  to  the  patient's  diet  and  regimen 
(particularly  as  to  the  administration  of  wine),  from  the  inclination  or 
disinclination  which  he  manifests.  So,  in  r^ard  to  the  intercourse  of  the 
sexes,  the  impulse  which  prompts  to  it  does  not  arise  from  a  knowledge  of 
the  ultimate  purposes  which  it  is  designed  to  answer ;  and  the  higher 
powers  of  the  mind  are  only  so  far  concerned  in.it,  that  when  the  action 
of  the  instinctive  impulse  has  led  to  the  formation  of  a  definite  idea  of  the 
object  of  desire,  the  Intelligence  is  prompted  to  take  means  for  its 
gratification.* 

431.  Thus,  then,  the  type  of  psychical  perfection  among  Invertebrated 
animals,  which  is  manifested  in  the  highest  degree  in  the  Social  Insects, 
consists  in  the  exclusive  development  of  the  Instinctive  faculty ;  that  is, 
of  automatic  powers  of  a  very  simple  kind ;  in  virtue  of  which,  each 
individual  performs  those  actions  to  which  it  is  directly  prompted  by  the 
imptdses  arising  out  of  impressions  made  upon  its  afferent  nerves,  without 
any  self-control  or  self-direction  ;  so  that  it  must  be  regarded  as  entirely 
a  creatture  of  necessity,  performing  its  instrumental  part  in  the  economy 
of  Nature  from  no  design  or  will  of  its  own,  but  in  accordance  with  the 
plan  originally  devised  by  its  Creator. 

432.  On  turning  to  the  Vertebrated  series,  on  the  other  hand,  we  find 
that  its  type  of  psychical  perfection — as  shown  in  Man — consists  in  the 
highest  development  of  the  Reason^  and  in  the  supreme  domination  of  the 
Will^  to  which  all  the  *  automatic'  actions,  save  those  which  are  absolutely 
essential  to  the  maintenance  of  the  Organic  functions,  are  brought  under 
subjection ;  so  that  each  individual  becomes  not  only  a  thinking  and 
reflecting,  but  a  self-moving  and  self-controlling  agent,  whose  .actions 
are  performed  with  a  definite  purpose  which  is  distinctly  before  his  own 
view,  and  are  adapted  to  the  attainment  of  their  end  by  his  own  intelli- 
gence. This,  however,  is  only  true  of  Man  in  his  most  elevated  state ; 
and  not  only  in  ascending  the  Vertebrated  scale,  but  also  in  watching 
the  progressive  evolution  oi  hia  mental  faculties  during  the  earlier  periods 
of  his  life,  may  we  trace  a  regular  gradation,  from  a  condition  but  little 

*  We  have  not,  perhaps,  any  right  to  affirm  that  there  is  nothing  whatever  analogous 
in  the  Inyertebrata  to  the  Keasoning  powers  and  Will  of  higher  animals ;  bat  if  these 
faculties  have  any  existence  among  them,  they  most  be  regarded  as  in  a  merely  rudi- 
mentary state,  corresponding  with  the  undeveloped  condition  of  the  Cerebrum.  The 
only  distinct  indication  of  intelligence  displayed  by  Invertebrata,  is  the  slight  degree  of 
capacity  of  ''learning  by  experience"  which  some  of  them  display;  this  capacity  being 
limited  to  the  mere  formation  of  associations  between  the  psychical  states  called-np  by 
different  objects  of  sense,  which  we  observe  to  be  the  first  stage  in  the  development  of 
the  mental  powers  in  the  Human  infant. 
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(if  at  all)  in  adYiincc  of  that  of  the  liigJier  Invertebrata^  up  to  tbat  which 
ia  display  eel  in  the  noblest  examples  of  Hmnanity.     Through  the  entire 
aeries,  however,  we  perceive  thut  the  Exoito-motor  and  Senfiori-motoP  j 
portion  of  the  Nen^oua  gyatem  (§  435)  couetitutes  its  lundamental  and  I 
essential  [>art ;    serviiig  not  merely  aa   the   instrument  wherebj  thoee  | 
action s  are  jx^r formed »  which  are  as  necessary  among  the  higher  animals 
as  lliey  Jire  anaong  the  lower,  for  the  maintenance  of  the  Organic  fiinctions; 
hut  a!^  aa  the  immediate  recipient  of  all  those  impre^om  irom  without, 
by  which  the  higher  opra^tions  of  Mind  are  es^cited,  and  m  the  executiyit 
of  the  actions  which  proceed  from  them.     But  as  we  ascend  the  Teit©-  j^ 
brated  scale,  or  as  we  watch  the  progreBsive  psychical  development  o>f  ^ 
the  Inlantj  we  find  it  becoming  more  and  more  obvious  tlmt  the  actions 
are  prompted^  not  bo  much  by  simple  sensationa,  as  by  ideas  or  notions 
of  the  objects  to  which  they  relate ;  these  ideas  being  founded,  in  a  lai^ 
proportion  of  instancea,  upon  the  results  of  past  experience,  and  the 
course  of  action  being  shaped  in  accordance  with  it.     In  the  acts 
animals  of  a  still  higher  grade,  as  in  those  of  the  Child^  wa  cAn  scarcely^ 
fail  to  perceive  the  mauiieBtatioa  of  riasouifig  processes  analogous  to  those 
which    we  otirselvea    perform,    and   the    expressions   of  some   of  those 
emotional  states  of  ivhich  we  are  ourselves  conscious.     The  snperadditiot] 
of  these  more  elevated  endowments,  in  the  Vertebrated  aeries^  Is  coinci- 
dent ivith  the  adthtion  of  a  [jeculiar  ganglionic  centre,  the  Cerebtftm,  tai 
the   Sensor i -motor  appiratus;    and   the  relative  proportion  wliich  the 
former  hears  to  the  latter,  both  as  to  size  and  to  complexity  of  structure, 
corresponds  so  closely  with  the  degree  of  predominance  which  tlic  Intelli- 
gence  posBesaea   over   the   Instinctive  profM^nsitiest  that   it  is  sciircely 
jxissiide  to  doubt  that  the  Cerebrum  is  tlie  instrument  through  whicu^| 
this  higher  fonn  of  psychical  power  is  exercised,     Mnch  of  this  exerciaey  | 
however,  may  still   be  aidomatiG  in   ita   nature;    for  so   long  as  the 
current  of  thought  and  feeling  flows-on  in  accordance  with  the  direct 
proraptinp  of  Suggestion,  and   w^ithout  any  interference  from  Volition, 
may  it  be  considered  as  a  maniibsbition  of  the  '^retlex^  activity  of  tba 
Cerebrum,  which  t^ikes  the  fonn  of  a  mental  iiutlncL    This  reflex  activitj"  | 
nianiiests  itself  not  only  in  tlie  psychical  operations  themselves,  but  aJaa  I 
in  muscular  movetnenta ;  and  these,  when  they  proceed  from  simple  idea&l 
without  any  excitement  of  idling,  may  be  designated  as  idto-motor  ^ 
w*hilst  .il*  they   spring   from   a   passion   or   emotion,  they  are   termed 
tmoiiOHtiL     The  meutal  instincts^  however,  are  by  no  means  as  invariable 
in  the  difiererit  individuals  of  the  same  species,  as  are  what  may  be ' 
termed    the   phf/stful   Instincts   of  tliat   interior   part   of    the    nervous 
apparatus,  which  is  more  closely  connected  with  the  maintenance  of  the 
Organic  life  \  the  particular  changes  whicli  any  given  suggestions  will 
excite  in  each,  being  partly  determined  by  original  congtitution,  and 
partly  by  acquired  habits. 

433.  The  superiority  of  tlie  Mind  of  Man  over  that  of  the  most 
elevated  Junong  the  lower  animals,  consists  not  only  in  the  &r  greatei^l 
variety  and  range  of  his  faculties^  but  yet  more  in  that  dominant  i>ower 
of  the  Will,  which  enables  him  to  utilize  them  with  the  highest  efiect. 
In  BO  far  as  the  course  of  his  thoughts  and  feelings  is  tlie  mere  result  of 
tlie  action  of  external  impressions  upon  an  organization  having  certain 
respondent  tendencies,  must  he  be  con^dered  as  irresponsible  for  his 
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acdonSy  his  character  being  formed  for  instead  of  by  him :  but  in  so  &r  as 
lie  can  exert  a  Volitional  power  of  directing  his  thoughts  and  controlling 
his  feelings,  may  he  rise  superior  to  circumstances,  make  the  most  ad- 
yantageous  use  of  the  Intellectual  faculties  with  which  he  may  be 
endowed,  and  bring  his  Moral  character  more  and  more  into  accordance 
with  the  highest  type  which  his  nature  may  be  capable  of  attaining  in  its 
present  sphere  of  existence.  Notwithstanding  the  evidences  of  rationality 
which  many  of  the  lower  animals  present,  and  the  manifestations  which 
they  display  of  emotions  that  are  similar  to  our  own,,  there  is  no  groimd  to 
believe  that  they  have  any  such  controlling  power ;  on  the  contrary,  all 
observation  seems  to  lead  to  the  conclusion,  that  they  are  under  the 
complete  domination  of  the  ideas  and  emotions  by  which  they  may  be  for 
the  time  possessed,  and  have  no  power  either  of  repressing  these  by  a 
forcible  act  of  Will,  or  of  turning  the  attention,  by  a  like  voluntary 
effort,  into  another  channel.  In  this  respect,  then,  their  condition 
resembles  that  of  the  Dreamer,  the  Somnambule,  or  the  Insane  patient, 
in  all  of  whom  this  voluntary  control  is  suspended,  and  who  (when  their 
minds  are  susceptible  of  external  impressions)  may  be  so  *  played  upon ' 
by  the  suggestion  of  ideas,  that  any  respondent  action  consistent  with 
the  ordinary  mental  state  of  the  individual  may  be  evoked  by  an  appro- 
priate stimulus ;  just  as  we  see  in  the  case  of  animals  that  are  trained  to 
the  performance  of  particular  sets  of  movements,  which  are  executed  in 
respondence  to  certain  promptings  conveyed  to  them  through  their 
aensorium.  Now  between  the  complete  want  of  this  controlling  power 
of  the  Will,  and  the  most  perfect  possession  of  it,  every  intermediate 
gradation  is  presented  by  the  several  individuals  which  make  up 
the  Human  species ;  some  persons  being  so  much  accustomed,  in  conse- 
quence of  the  weakness  of  their  Will,  to  act  directly  upon  the  prompting 
of  every  transient  impulse,  that  they  can  scarcely  be  said  to  be  voluntary 
agents ;  and  others  allowing  certain  dominant  ideas  or  habitual  feelings 
to  gain  such  a  mastery  over  tliem,  as  to  exercise  that  determining  power 
which  the  Will  alone  ought  to  exert.  This  gradation  may  be  perfectly 
traced  in  children,  in  whose  education  the  development  of  the  faculty  of 
*  self-control'  should  be  a  leading  object;  and  it  is  also  displayed  in  certain 
phases  of  mental  Imbecility,  which  result  from  a  deficiency  of  the  power 
of  volimtarily  fixing  the  attention  upon  any  object  of  consciousness,  and 
of  thus  withdrawing  it  either  from  external  objects  that  tend  to  distract 
the  mind,  or  from  notions  it  has  adopted  which  hold  it  in  subjection. 

434.  When  we  apply  ourselves  to  the  study  of  the  Cerebro- Spinal 
Nervous  centres  of  Man,  we  find  ourselves  peculiarly  liable  to  be  misled 
by  the  great  development  which  the  Cerebrum  presents,  both  as  to  size 
and  to  complexity  of  structure,  in  proportion  to  the  other  centres ;  and 
thus  it  has  happened  that,  through  tiie  too  exclusive  attention  commonly 
paid  to  Human  Anatomy,  the  meaning  of  the  facts  brought  to  light  by 
dissection  has  been  very  commonly  misapprehended,  and  many  of  the 
physiological  interpretations  based  upon  them  have  been  completely 
negatived  by  more  extended  inquiry. — It  is  only,  in  fact,  by  studying 
the  Cerebro- Spinal  apparatus  in  its  lowest,  as  well  as  in  its  highest  form, 
and  by  bringing  the  intervening  grades  into  comparison  with  both  ex- 
tremes, that  it  is  possible  to  establish  what  are  its  fundamental  or  essential, 
and  what  its  accessory  parts ;  and  in  this  way  only  can  such  a  corre- 
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^iotiden*y|  be  established  between  tlie  development  of  a  partieillar  strtio-*. 
ture  aixd  the  nianifefltulion  of  a  p^'diical  endowment^  aa  may  enable  the 
latter  to  be  attributed  with  aiiy  degree  of  probability  to  the  ibrmer«  In 
iact  there  la  no  part  oi'the  J^lunian  Orgatiistn,  as  to  wbieh  the  advantdgeii 
of  aiich  a  compariaon  are  so  striking,  or  in  which  tiie  value  of  the  **  ex- 
periments ready  prepared  for  uaby  Nature"  ia  so  mudi  above  that  of  the 
results  of  artificial  mntiJiitiotia. 

435,  Cerebri)- Spinal  A^ervous  Centres. — Under  the  guidance,  then,  of 
tliese  principles,  we  tipd  tliat  we  may  distinguish,  aa  the  ftiiidamentai  part 
of  the  Cerebro-Spiiial  apparatus  of  Maa,  the  Cranio- Spiftai  Axis^  con- 
Msting  of  the  Spinal  Cord,  tlie  Medulla  Oblongata^  and  the  Bqubotj 
Ganglia,  and  altogether  constituting  the  centre  of  autoniatie  movements 
— The  Spinal  Cord,  consiating  of  a  tract  of  vesicular  matter  enclosed 
within  strands  of  longitudinal  fibres,  and  giring-off  successive  pairs  of 
intervertebral  nerves  which  are  connected  at  their  roots  with  both  orf" 
these  components,  is  obviously  homologous  with  the  gangliated  ventral 
column  of  the  Articulata,  chiefly  differing  from  it  in  the  continuity  of 
the  ganglionic  substance  which  occupies  its  interior ;  and  each  segmental 
division  of  it,  which  serves  as  the  centre  for  its  own  pair  of  nervea^  ^^iF, 
be  considered,  hke  each  ganglion  of  the  ventral  colunm  of  tlie  Articulai 
as  a  re^ietition  of  the  single  *  pedur  or  locomotive  ganglion  of 
MolIuBca,— The  Medulla  Oblongata  consists  of  a  set  of  strands,  which' 
essentially  correspond  with  the  cords  that  pass  round  the  ccaophagus  in 
Invertebrated  animals,  connecting  the  cephalic  ganglia  with  the  first 
flub -oesophageal  ganglion ;  but  aa  the  whole  cranio -spinal  axle  in  die 
Vertebra ta  hea  above  tho  alimentary  canal  (the  trunk  being  suppoaed  to 
be  in  a  horizontal  posititjn),  there  is  no  such  divergence  of  these  strands, 
the  only  separation  between  them  being  that  which  is  known  as  the 
'  fourth  ventricle.*  Interposed  among  the  commissural  fibres  of  the 
Medulla  Oblongata,  however,  are  certain  collections  of  vesicular  matter, 
which  serve  aa  the  ganglionic  centres  for  t!ic  movements  of  respiration 
and  deglutition,  and  widch  thus  correspond  with  the  *  respiratory*  and 
*  stomato- gastric'  ganglia  of  Invertebrated  animalSi  This  incorporation  of 
BO  many  distinct  centres  into  one  system,  would  seem  destined  in  part 
to  afford  to  all  of  tliem  the  protection  of  the  vertebral  cohnnn  ;  and  in 
part  to  secure  that  conBentaneonsncaa  of  action  and  that  ready  nieana  of 
mutual  influence,  which  are  peculiarly  requisite  in  beings  in  whom  the 
activity  of  the  Nervous  system  is  so  predominant.  Thus  the  close  con- 
nection which  is  established  in  the  higher  Vertebrated  animals  between  ^^ 
the  respiratory  and  tlie  general  locomotive  apjiaratus,  ia  obviously  aub-^^H 
servient  to  the  use  which  the  former  makes  of  the  latter  in  the  pertbrm-^^ 
ance  of  its  functions  ;  whilst,  on  the  other  hand,  tho  control  which  their 
eo cephalic  centres  possess  over  the  actions  of  the  respiratory  ganglia, 
enables  the  Will  to  regulate  the  inspiratory  and  expiratory  Kiovements 
in  the  manner  required  for  the  acts  of  vocalization. — ^IJnder  the  term 
Sejisory  Ganglia,  may  be  comprehended  that  assemblage  of  ganglionic 
masses  lying  along  tlie  baae  of  the  akidl  in  Man,  and  partly  included  in 
the  Medulla  Oblongatji,  in  which  the  nerves  of  the  *  special  Benaea,' 
Taste,  Hearing,  Sight,  and  Smell,  have  their  central  terminations-  and 
with  these  may  probably  lie  associated  the  two  jMiirs  of  gangUonic  bodies 
known  as  the  Corpora  Striata  and  Tlialami  Oplici,  into  which  may  be 
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traced  the  greater  proportion  of  the  fibres  that  constitute  the  various  strands 
of  the  Medulla  Oblongata,  and  which  seem  to  stand  in  the  same  kind  of 
relation  to  the  nerves  of  Touch  or  ^common  sensaticfin/  that  the  Olfactive, 
Optic,  Auditory,  and  Gustative  ganglia  bear  to  their  several  nerve-trunks. 

436.  Now  it  is  not  a  little  interesting,  that  this  Cranio-Spinal  axis, 
which  represents  in  Vertebrated  animals  the  whole  nervous  sf  stem  of 
the  Invertebrata  (with  the  exception  of  the  rudiment  of  the  Sympathetic 
which  they  possess),  should  exist  in  the  lowest  known  Vertebrated 
animal  without  any  superaddition,  and  should  be  sufficient  for  the  per- 
formance of  all  its  actions.  Such  is  the  case  in  the  curious  AmphioxuSy 
a  little  fish  which  presents  not  the  slightest  trace  of  either  Cerebrum  or 
Cerebellum,  and  in  which  even  the  sensory  ganglia  and  the  organs  of 
special  sense  have  only  a  rudimentary  existence ;  and  in  which,  too,  the 
spinal  cord  is  composed  of  a  series  of  ganglia  that  are  obviously  distinct 
from  each  other,  although  in  close  approximation.  And  even  in  the 
lower  Cyclostome  Fishes,  the  condition  of  the  nervous  centres  is  very 
little  above  this,  save  as  regards  the  larger  development  of  the  sensory 
ganglia. — This  condition  has  its  parallel,  even  in  the  Hiunan  species, 
in  the  case  of  Infants  which  are  occasionally  bom  without  either  Cere- 
brum or  Cerebellum ;  such  have  existed  for  several  hours,  or  even  days, 
breathing,  sucking,  crying,  and  performing  various  other  movements; 
and  there  is  no  physiological  reason  why  their  lives  should  not  be  pro- 
longed, if  they  be  nurtured  with  sufficient  care. 

437.  In  Man,  however,  as  in  all  the  higher  Vertebrata,  we  find  super- 
imposed (as  it  were)  upon  the  Sensory  ganglia,  and  constituting  the 
principal  mass  of  the  Encephalon,  the  bodies  which 
are  known  as  the  Cerebral  Hemispheres,  or  Hemi- 
spheric Ganglia,  Now  when  these  are  so  greatly 
developed  as  to  cover-in  and  obscure  the  Sensory 
ganglia  to  the  degree  which  presents  itself  in  Man, 
it  is  not  surprising  that  the  fundamental  import- 
ance of  the  latter  should  not  be  generally  recog- 
nized ;  in  Fishes,  however,  the  proportion  between 
the  two  sets  of  centres  is  entirely  reversed,  the 
rudiments  of  the  Cerebral  Hemispheres  (Fig.  91,  b) 
being  usually  inferior  in  size  to  the  Optic  ganglia 
(c)  alone.  Indeed,  of  the  pair  of  ganglionic  masses 
to  which  that  designation  is  usually  applied,  it  may 
be  almost  positively  stated,  that  the  greater  part  is 
homologous  with  tlie  Corpora  Striata  of  the  Human 
brain;  it  being  only  in  the  higher  Cartilaginous 
fishes,  that  a  ventricular  cavity  exists  in  each  of 
these  bodies,  separating  the  thin  layer  of  true 
Cerebral  substance  which  overlies  it,  from  the  gan- 
glionic mass  which  forms  its  fioor.  Between  these 
two  extremes,  a  regular  gradation  is  presented  in 
the  intermediate  tribes. — Now  it  is  a  point  espe- 
cially worthy  of  note,  that  no  sensory  nerves 
terminate  directly  in  the  Cerebrum,  nor  do  any 
motor  nerves  issue  firom  it ;  and  there  seems  a  strong  probability  that  there 
is  not  (as  formerly  supposed)  a  direct  continuity  between  all  or  even  any  of 
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the  nerve- fibres  distributed  to  the  bodj,  and  the  meduUmy  mibstance  of 
the  Cerebnuii.  For  whilst  the  nerves  of  ^special'  sense  have  tbeir  ovm 
ganglionic  centre^  it  cannot  be  shown  that  the  nervoijs  fibres  of  *  geQeml^ 
sense,  which  either  enter  the  cranium  as  part  of  the  cephalic  nerves,  or 
which  pasa-np  from  the  Spinal  ccird^  have  any  higher  destination  than 
the  Tiiklaml  Optici,  So  the  motor  fibres  which  pass-forth  from 
the  cranium,  eitlier  into  the  cephalic  nerve-trunk i,  or  into  the  motor 
columns  of  the  Spinal  cord,  though  commonly  designated  as  Uertbral, 
cannot  be  certidiily  said  to  have  a  Mgher  origin  thim  the  Corpora 
Striata.  And  we  shall  iind  strong  physiolo^cal  aa  well  as  armtomical 
ground  for  the  belief,  that  the  Cerebrum  has  no  communication  with  the 
extomal  world,  other w^iae  than  by  its  connection  with  the  Benson-motor 
apparatua ;  and  that  even  tlie  movements  which  are  usually  dedgnated 
as  ■  Yolimtary '  are  only  so  as  r^ards  their  original  source,  tlie  gtimulua 
which  calis  the  muscles  into  contraction  being  even  then  immediately 
issu^  from  the  Cranio- Spinal  axis,  a^  it  is  in  the  movements  prompted 
by  tJie  reflex  stimulation  of  an  external  impression. 

438.  Wlierever  a  Cerebrum  is  superimposed  upon  the  Sensory  Ganglia, 
we  find  another  ganglionic  mass,  the  Cerebellums  superimposed  uj>Cin  the 
Medulla  Oblongata^  The  development  of  this  organ  bears  a  general,  but 
by  no  means  a  constant  relation  to  that  of  the  Cerebrum :  for  in  the 
lowest  B'ishea  it  is  a  tliin  Jam  ma  of  nervous  matter  on  the  median  line, 
only  partially  covering-in  the  *  fom-th  ventricle  j'  whilst  in  the  higher 
Mammalia,  as  in  Man,  it  h  a  mass  of  considerable  size,  having  two  lateral 
lobea  or  hemispheres  in  addition  to  its  central  portion.  The  direct  com- 
munication which  the  Cerebellum  has  with  bod]  columns  of  ilie  Spinal 
cord,  and  the  comparatively  slight  commissural  connection  which  it 
possesses  witli  the  higher  portions  of  the  Encephiiiic  centres,  justily  the 
supposition  tliat  it  is  rather  concerned  in  the  rt^ilation  and  co-ordina> 
tioQ  of  the  actions  of  the  former,  than  in  any  proper  psychical  operations; 
and  it  will  hereafter  be  shown  that  the  various  kinds  of  evidence  afforded 
by  Comparative  Anatomy,  by  Experiniental  inquiry ,  and  by  Pathological 
observ^ation,  aU  tend  to  supi>ort  this  yiew  of  its  ftmction. 

439*  Now  although  every  segment  of  the  Spinal  Cord,  and  every  one 
of  tlie  Sensory  Ganglia,  may  be  conffldered,  in  common  with  the  Cere- 
brum, as  a  true  and  independent  centre  of  nervous  power,  yet  this  inde- 
pendence is  only  manifested  when  these  organs  are  separated  from  each 
other ;  either  structuraOy — by  actual  division ,  or  functionally — by  the 
suspension  of  tlie  activity  of  other  parts.  In  their  state  of  perfect  inte- 
grity and  complete  functional  activity,  they  are  aH  (at  least  in  Man)  in 
such  subordination  to  the  Crerebruiu,  that  they  only  mlniflter  to  its 
actions,  excejit  in  io  far  as  they  are  subserrient  to  the  maintenance  of 
the  Organic  functions,  as  in  the  automatic  acts  of  breathing  and  swallow- 
ing* With  regard  to  every  other  action,  the  Will,  if  it  possess  its  du© 
predominance,  can  exercise  a  determining  power;  keopiing  in  check  every 
automatic  impnlse,  and  repressing  the  promptings  of  emotional  excite- 
ment. And  tlita  seems  to  result  irora  the  peculiar  arrangement  of  the 
nervous  apparatus ;  which  causes  the  excitor  mpremon  to  travel  in  the 
npicard  direction,  if  it  meet  with  no  interruption,  tnitil  it  reaches  the 
Cerebrum,  witjjout  exciting  any  reflex  movements  in  its  course.  When 
It  arrives  at  the  fc^ensoritnn,  it  niftkes  an  impression  on  the  conscionsneaa 
of  the  individual|  and  thus  gives  rise  to  a  sensation  ;  and  the  changs 
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thus  induced,  being  further  propagated  from  the  sensory  ganglia  to  the 
Cerebrum,  becomes  the  occasion  of  the  formation  of  an  idea.  If  with 
this  idea  any  pleasurable  or  painful  feeling  should  be  associated,  it 
assumes  the  character  of  an  emotion ;  and  either  as  a  simple  oe  as  an 
emotional  idea,  it  becomes  the  subject  of  intellectual  operations,  whose 
final  issue  is  in  a  volitional  determination,  or  act  of  the  Will,  which  may 
be  exerted  in  producing  or  checking  a  muscular  movement,  or  in  con- 
trolling or  directing  the  current  of  bought. 

440.  But  if  this  ordinary  upward  course  be  anyivhere  interrupted,  the 
impression  will  then  exert  its  power  in  a  transverse  direction,  and  a 
'reflex'  action  will  be  the  result;  the  nature  of  this  being  dependent 
upon  the  part  of  the  Cerebro- Spinal  axis,  at  which  its  ascent  had  been 
checked.  Thus  if  the  interruption  be  produced  by  division  or  injury  of 
the  Spinal  Cord,  so  that  its  lower  part  is  cut-off  from  communication 
with  the  encephalic  centres,  this  portion  then  acts  as  an  independent 
centre ;  and  impressions  made  upon  it  through  the  afferent  nerves  pro- 
ceeding to  it  from  the  lower  extremities,  excite  violent  reflex  move- 
ments, which,  being  thus  produced  without  sensation,  are  designated  as 
*  excito-motor/ — So,  again,  if  the  impression  should  be  conveyed  to  the 
Sensorium,  but  should  be  prevented  by  the  removal  of  the  Cerebrum,  or 
by  its  state  of  functional  inaction,  or  by  the  direction  of  its  activity  into 
some  other  channel,  from  calling-forth  ideas  through  the  instnmientality 
of  the  latter,  it  Aiay  react  upon  the  motor  apparatus  by  the  *  reflex' 
power  of  the  Sensory  ganglia  themselves ;  as  seems  to  be  the  case  with 
r^ard  to  those  locomotive  actions  which  are  maintained  and  guided  by 
sensations  during  states  of  profound  abstraction,  when  the  attention  of 
the  individual  is  so  completely  concentrated  upon  his  own  train  of 
thought,  that  he  does  not  perceive  external  objects,  although  his  move- 
ments are  obviously  guided  through  the  visual  and  tactile  senses.  Such 
actions,  being  dependent  upon  the  prompting  of  sensations,  are  *  sensori- 
motor' or  'consensual.' — But  further,  even  the  Cerebrum  responds 
automatically  to  impressions  fitted  to  excite  it  to  *  reflex'  action,  when 
from  any  cause  the  Will  is  in  abeyance,  and  its  power  cannot  be  exerted 
either  over  the  muscular  system  or  over  the  direction  of  the  thoughts. 
Thus  in  the  states  of  Reverie,  Dreaming,  Somnambulism,  &c.,  whether 
spontaneous  or  artificially  induced,  ideas  which  take  possession  of  the 
mind,  and  from  which  it  cannot  free  itself,  may  excite  respondent  move- 
ments ;  and  this  may  happen  also  when  the  force  of  the  Idea  is  morbidly 
exaggerated,  and  the  Will  is  not  suspended,  but  merely  weakened,  as  in 
many  forms  of  Insanity. 

441.  The  general  views  here  put-forth  in  regard  to  the  independent 
and  connected  actions  of  the  several  primary  divisions  of  the  Cerebro- 
spinal apparatus,  may  perhaps  be  rendered  more  intelligible  by  the 
following  Table,  which  is  intended  to  represent  the  ordinary  course  of 
operation  when  the  whole  is  in  a  state  of  complete  functional  activity, 
and  the  character  of  the  *  reflex'  actions  to  which  each  part  is  sub- 
servient, when  it  is  the  highest  centre  that  the  impression  can  reach. 
The  directing  power  of  the  Will  seems  to  be  most  strongly  exerted 
over  those  actions  which  are  most  closely  connected  with  psychical 
changes,  and  which  are  exclusively  Cerebral  in  their  seat.  It  has  been 
already  pointed-out,  that  the  Cranio-Spinal  axis  not  merely  serves  as 
the   channel   for  the  reception   of  the  impressions   which   excite   the 
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actmty  of  tlie  Hemispheric  ganglia,  and  as  the  initrumejit  wha 
the  resiilts  of  their  operation  are  hruught  to  bear  upon  the  inu 
^gtem;  but  that  it  is  also  tlie  centre  of  reHt^xion  tixrough  which  Tarious 
automatic  movements  are  calJecl-fbrtli^  tliat  are  immediately  concerned 
in  the  maintenance  of  the  organic  functions  TJje  impreaaions  which 
excite  these  movementa  do  not  in  general  pass* on  to  tlie  Cerebrum ;  tor 
we  only  jierceive  them  when  w*e  BpeciaDy  direct  our  attention  to  them, 
or  when  they  exiat  in  unusual  ]x»tency*  Tinia  we  are  unconscious  of  tlie 
*  beaoin  de  reapirer*  by  ivbich  our  ordinary  movements  of  respiration 
are  prompted ;  and  it  is  only  when  we  have  refrained  from  breathing 
for  a  iew  aeconda,  tliat  we  ex]>ericnce  a  aeiisation  of  imeaain^a  which 
impels  us  to  make  forcible  efforts  for  its  relief  NotwitbataDding^  how- 
ever, tiiat  the  Cerebrum  ia  tliua  unconcerned  in  the  ordinary  perform- 
ance of  theae  ;iutomatic  movements,  yet  it  can  exert  n  certain  degree  of 
control  over  maiiy  of  them,  ao  as  even  to  auapend  them  for  a  time,  though 
in  no  iuatanoe  can  it  carry  tliia  suspeixaiou  to  Buch  an  extent  as  Beriouslj 
to  disarrange  the  Organic  functions;  thus,  when  we  have  voluntarilj 
refrained  from  l»reathing  for  a  few  aecojwls,  the  inspiratory  impulse  bo 
rapidly  increaaea  in  itrength  with  the  continuance  of  the  Huspeaaion,- 
thkt  it  at  last  overcomes  the  moat  powerful  effort  we  can  make  for  l' 
repression  of  the  movements  to  which  it  prompts  { §  27  (i^  note).  Now  in  thll 
and  similar  ciises,  it  would  seem  as  if  the  Will  interfered  to  preven 
that  direct  transverse  passage  of  the  stimulus  from  tlie  affereut  bo  the 
efferent  nerves,  through  the  Cranio-Sptnal  axis,  which  constitutes  the 
ordinary  Hue  of  action  for  impresaions  having  tlieir  origin  in  tlie  neces 
sities  of  the  Organic  or  Vegetative  life  of  the  individuah  That  th^ 
Will  should  have  a  certain  degree  of  control  over  these  movements, 
necessary  in  order  t]>at  ihey  may  be  rendered  subservient  to  variou 
actions  wliich  are  necessary  for  the  due  exercise  of  Man's  psychical 
powers;  hut  that  they  aiiould  not  be  left  dependent  upon  its  exercise,  and 
ahould  even  be  executed  in  opposition  to  it  when  the  wants  of  the  systenfl 
imperatively  demand  their  perform ancet  constitutes  a  wiie  provision  for' 
securing  Life  against  tlie  chance  of  inattention  or  momentary  caprice. 
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442.  The  Cerebro- Spinal  system  is  intdmately  blended  with  another 
set  of  ganglionic  centres  and  nerfe-trunks,  scattered  in  different  parts  of 
the  body,  but  mutually  connected  with  each  other ;  this  is  commonly 
termed  the  Sympathetic  system ;  but  not  unfirequently,  from  the  position 
of  its  principal  centres,  and  their  evident  functional  relation  to  the 
apparatus  of  Organic  life,  the  Visceral  system.  To  this  system  we  are 
probably  to  refer,  not  only  the  Semilunar  and  Cardiac  ganglia  (which 
seem  to  be  its  principal  centres),  with  the  chain  of  cranial,  cervical, 
thoracic,  lumbar,  and  sacral  ganglia,  which  are  in  nearer  connection  with 
the  Cerebro-spinal  system;  but  also  numerous  minute  ganglia,  which  are 
to  be  found  on  its  branches  in  various  parts.  Moreover,  the  ganglia 
upon  the  posterior  roots  of  the  Spinal  nerves,  and  those  upon  the  roots 
and  trunks  of  certain  Cranial  nerves,  may  be  ranked  with  considerable 
probability  under  the  same  category;  and  if  such  be  the  case,  those 
fibres  contained  in  the  Cerebro-spinal  nerves,  which  have  these  as  their 
ganglionic  centres,  must  also  be  accounted  as  belonging  to  the  Sympa^ 
thetic  system.  On  the  other  hand,  there  unquestionably  exist  numerous 
fibres  in  the  Visceral  system,  which  proceed  into  it  from  the  Cerebro- 
spinal system ;  these,  however,  are  not  uniformly  distributed,  for  some 
of  the  Visceral  nerves  contain  few  or  none  of  them,  whilst  in  others  they 
are  numerous.  The  branches  by  which  the  Sympathetic  system  com- 
mimicates  with  the  Cerebro-spinal,  and  which  were  formerly  considered 
as  the  roots  of  the  Sympathetic  system,  seem  to  contain  fibres  of  both 
kinds; — 1.6.,  Cerebro-spinal  fibres  passing  into  the  Sympathetic,  and 
S3rmpathetic  fibres  passing  into  the  Cerebro-spinal.  The  latter  are  chiefly, 
if  not  entirely,  transmitted  into  the  anterior  branches  of  the  Spinal 
nerves;  the  posterior  branches  being  apparently  supplied  with  sympa- 
thetic fibres  from  the  ganglia  on  their  own  posterior  roots.  Some  of 
these  last  fibres  also  pass  from  the  Cerebro-spinal  into  the  Sympathetic 
system.  By  these  communications,  the  two  systems  of  fibres  are  so 
blended  with  each  other,  that  it  is  impossible  to  isolate  them. — The 
branches  proceeding  from  the  Semilunar  ganglia  are  distributed  upon  the 
vessels  of  the  abdominal  viscera ;  and  those  of  the  Cardiac  ganglia  upon 
the  heart  and  the  vessels  proceeding  from  it.  The  latter  seem  to  accom- 
pany the  arterial  trunks  through  their  whole  course,  ramifying^lflnutely 
upon  their  surface ;  and  it  can  scarcely  be  doubted  that  they  exercise  an 
important  influence  over  their  functions.  What  the  nature  of  that  influence 
may  be,  however,  will  be  a  subject  for  future  inquiry  (chap.  xv.).  It  is 
so  evidently  connected  with  the  operations  of  nutrition,  secretion,  &c., 
that  the  designation  '  nervous  system  of  organic  life,^  as  applied  to 
this  system,  does  not  seem  objectionable,  provided  that  we  do  not  under- 
stand it  as  denoting  the  dependence  of  these  functions  upon  it. — The 
inter-penetration  of  the  Cerebro-spinal  system  by  the  Sympathetic  is 
strongly  marked  by  these  two  circumstances; — that,  in  some  of  the 
lower  Vertebrata,  the  distribution  of  their  trimks  cannot  be  separately 
distinguished ; — and  that,  even  in  the  highest,  some  of  the  Glands,  of 
which  the  secretion  is  most  directly  influenced  by  the  condition  of 
the  mind,  are  supplied  with  most  of  their  nerves  from  the  cerebro- 
spinal system,  the  lachrymal  and  sublingual  glands  receiving  large 
branches  from  the  fifth  pair,  and  the  mammary  glands  from  the  inter- 
costal nerves. 
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443.  Cerebf^O' Spinal  Nerm-Tmnks. — ^Having thus cooaidered  the  prm- 
cipal  attributea  of  the  ganglionic  centBSB  of  the  Cerebro- Spinal  ^atetn, 
we  have  next  to  inquire  into  those  of  the  nerve-truaks  which  are  con- 
nected with  them.  It  is  onljr  in  the  Vertebra ta,  that  the  difference 
"between  the  ajferatnt  and  effemnt  fibres  of  the  nerves  haa  been  statkfejctorily 
determined.  Tlie  merit  of  tliis  discovery  is  almost  entirely  due  to  Sir 
C.  Bell  J  who  was  led  to  it  by  a  chain  of  reasoning  of  a  highly  philoso- 
phical character ;  and  although  his  (irst  experiments  on  the  Spinal  nerves 
were  not  aatiiafactoTy,  he  virtually  determined  the  respective  JianctiQns  of 
their  two  roots, — the  posterior  as  sensor j/  (different),  the  ajiterior  as  motor 
(efferent), — by  experiments  and  by  pathological  observatioas  upon  the 
Cranial  ner%'es,  some  of  which  contain  only  one  class  of  fibres  to  the  ex* 
elusion  of  the  other,  before  any  otlier  phyaio legist  came  into  the  field.* 
Subsequently  his  general  views  were  confirmed  by  the  very  decided 
experiments  of  Milller ;  but  until  very  recently,  some  obscurity  hung 
over  a  portion  of  the  phenomena.  It  was  from  the  first  maintained  by 
Magendie,  and  has  been  subsequently  asserted  by  other  physiologists,  that 
the  posterior  and  anterior  roota  of  the  nerves  were  both  concerned  in  the 
reception  of  impressionB  and  in  the  prod^iction  of  motions ;  for  that,  on 
touching  the  posterior  roots^  not  only  the  aensibihty  of  the  animal  seemed 
to  be  aifeeted,  but  muscidar  motions  were  excited :  and  that,  -when  the 
anterior  roots  were  touched,  the  animal  gave  idgns  of  pain,  at  the  same 
time  that  convulsive  movements  were  performed.  These  physiologists 
were  not  willing,  therefore,  to  admit  more  thim  that  the  posterior  roots 
were  especial  I  tf  sensory,  and  tJie  anterior  especial  fi/  motor.  But  tJje 
knowledge  we  now  possess  of  the  *  reflex^  fimction  of  the  Spinal  Cord 
enables  tlie  former  |iortion  of  tliese  phenomena  to  be  easily  explained. 
The  motions  excited  by  irritating  the  posterior  roots  are  found  to  be 
entirely  dependent  upon  their  connection  witli  the  Spinal  Cord,  and  upon 
the  integrity  of  the  anterior  roots  and  of  the  trunks  into  which  they 
enter ;  whilst  they  aie  not  checked  by  the  separation  of  the  posterior 
roots  irora  the  peripheral  portion  of  the  trunk  :  it  is  evident,  therefore, 
that  excitation  of  the  jjosterior  roots  does  not  act  immediately  upon  tlje 
muscles,  through  the  trunk  of  the  nerve  which  they  contribute  to  form ; 
but  that  It  excites  a  reflex  motor  impulse  in  the  Spinal  Cord,  which  is 
propagated  through  the  anterior  roots  to  the  periphery  of  the  system. — 
The  converse  phenomenon  of  the  apparent  sensibility  of  the  anterior  roots 
of  the  Spinal  Nerves  has  been  recently  investigated  and  satisfactorily  ex- 
plained by  M.  Brown -S^quard.  If  these  roots  be  irritated,  the  animal 
usually  gives  signs  of  uneasinesii ;  but  if  they  be  divided,  and  the  cut 
ends  nearest  the  centre  be  irritated,  none  such  are  exhibited :  whilst  they 
are  still  shown  when  the  farther  ends  are  irritate,  but  not  if  tlie  posterior 
roots  are  divided.  According  to  M.  Brown- Sequard^f  these  phenomena 
are  siroply  duo  to  the  circumstance^  that  on  irritating  the  distal  extre- 
mities of  the  anterior  roots  the  muscles  supplied  by  them  are  thrown  into 
&  state  of  cramp,  and  pain  is  experienced  from  the  violent  compression  ot 
the  extremities  of  the  sensoi^  nerves,  which  of  course  is  no  longer  felt 
when  the  roots  of  the  latter  are  divided. 

444.  Every  fibre,  there  is  reason  to  beheve,  runs  a  distinct  couxtep 
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between  the  central  organ,  in  which  it  loses  itself  at  one  extremity,  and 
the  organ  of  sense,  muscle,  or  other  tissue,  in  which  it  terminates  at  the 
other ;  in  the  terminal  ramifications  of  the  nerves,  however,  a  subdivision 
of  the  fibres  is  frequently  observable.  Each  nervous  trunk  is  made-up 
of  several  fasciculi  of  these  fibres ;  and  each  fasciculus  is  composed  of  a 
large  number  of  the  ultimate  fibres  themselves.  Although  the  fasciculi 
occasionally  intermix  and  exchange  fibres  with  one  another  (as  occurs  in 
a  pleocus),  the  fibres  themselves  never  inosculate.  Each  fibre  would  seem, 
therefore,  to  have  its  appropriate  office,  which  it  cannot  share  with 
another. — Several  objects  appear  to  be  attained  by  the  plexiform  arrange- 
ment. In  some  instances  it  serves  to  intermix  fibres,  which  have  endow- 
ments fundamentally  different :  for  example,  the  Spinal  Accessory  nerve, 
at  its  origin,  appears  to  be  exclusively  motor,  and  ihe  roots  of  the  Pneu- 
mogastric  to  be  exclusively  afferent ;  but  by  the  early  admixture  of  these, 
a  large  number  of  motor  fibres  are  imparted  to  the  Pneiunogastric,  and 
are  distributed  in  variable  proportion,  with  its  different  branches ;  whilst 
a  few  of  its  sensory  filaments  seem  to  enter  the  Spinal  Accessory. — In 
other  instances,  the  object  of  a  plexus  appears  to  be,  to  give  a  more  ad- 
vantageous distribution  to  fibres,  which  all  possess  corresponding  endow- 
ments. Thus  the  Brachial  plexus  mixes-together  the  fibres  arising  from 
five  segments  of  the  spinal  cord,  and  sends-off  ^ve  principal  trunks  to 
supply  the  arm.  Now  if  each  of  these  tnmks  had  arisen  by  itself,  from 
a  cUstinct  segment  of  the  spinal  cord,  so  that  the  parts  on  which  it  is 
distributed  had  only  a  single  connection  with  the  nervous  centres,  they 
would  have  been  much  more  liable  to  paralysis  than  at  present.  By 
means  of  the  plexus,  every  part  is  supplied  with  fibres  arising  from  each 
segment  of  the  spinal  cord ;  and  the  functions  of  the  whole  must  there- 
fore be  suspended,  before  complete  paralysis  of  any  part  can  occur  from 
a  cause  which  operates  above  the  plexus.  Such  a  view  is  borne-out  by 
direct  experiment ;  for  it  has  been  ascertained  by  Panizza  that,  in  Frogs, 
whose  Crural  plexus  is  much  less  complicated  than  that  of  Mammalia, 
section  of  the  roots  of  one  of  the  three  nerves  which  enter  into  it,  pro- 
duces little  effect  on  the  general  movements  of  the  limb ;  and  that,  even 
when  two  are  divided,  there  is  no  paralysis  of  any  of  its  actions,  all 
being  weakened  in  a  nearly  similar  degree. — But  as  Dr.  Gull  has  pointed 
out,*  one  use  of  such  a  plexus  as  the  brachial  or  the  crural  appears  to 
be,  to  bring  the  muscles  which  derive  their  nervous  supply  from  it,  into 
relation  with  different  ganglionic  segments  of  the  Spinal  Cord ;  each  of 
which  may  exert  a  diverse  action,  either  in  virtue  of  its  own  endow- 
ments, or  of  the  influence  of  the  Will  upon  it ;  so  that  groups  of  muscles 
may  thus  be  associated  for  combined  actions.  All  consideration  of  the 
mode  in  which  we  make  use  of  our  muscles,  and  of  the  power  which  we 
have  over  them,  leads  to  the  conclusion  that  each  ganglionic  centre  has 
a  specific  and  limited  sphere  of  influence,  producing  certain  movements 
and  no  others ;  hence,  for  the  execution  of  a  variety  of  movements  in 
harmonious  combination  with  each  other,  it  seems  requisite  that  the 
nervous  supply  of  each  muscle  should  be  derived  from  several  different 
centres ;  and  thus  it  is,  that  the  complication  of  plexuses  comes  to  be 
related  to  the  variety  of  movements  of  the  parts  supplied  through  them. 

*  '  QalstoniAn  Lectures  on  the  Nervous  System,*  in  **  Medical  Times,**  1849,  p.  372. 
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It  ia  not  a  little  interesting  to  remitrk^  that  arrangementfl  of  a  similar 
kind  present  theni&elves  among  the  higher  InvertebraU. 

445.  The  fallowing  statemente,  in  which  the  doctrines  of  Prof  5f  UUer*^ 
are  adopted  with  aome  modificationa  and  additions,  embody  the  general 
principles  ascertained  by  exijerituent,  respecting  tiie  transmtsstdu  of  Sen- 
sory and  ilotor  iinpresatons  along  the  nerves  which  respectively  tninister 
to  them.  Their  rationale  will  he  at  once  imderstood,  from  tlie  tkctg 
already  mentioned  in  regard  to  the  isolated  character  of  each  fibril,  and 
the  identity  of  its  cndownienta  through  its  whole  course. 

I.  When  the  whole  trunk  of  a  scnsonf  nerve  h  irritated,  a  iensation  is 
produced,  which  is  referred  by  the  mind  to  tlie  parts  to  which  its  brandies 
are  idtimately  distributed ;  and  if  only  part  of  the  trunk  be  irritated,  the 
semiation  will  be  referred  to  those  parts  only  which  are  supplied  by  the 
fibrils  it  contains, — This  is  evidently  caused  by  the  production  of  u  change 
in  the  sensoriumj  corresponding  with  that  which  would  have  been  trans- 
mitted from  the  peripheral  organs  of  tliC  nerves,  had  the  impression  been 
made  upon  them.  Such  a  change  only  requires  tlie  integrity  of  the 
afferent  trunk  between  the  point  irritated  and  the  sensorium,  and  is  not 
at  aO  dependent  upon  tlie  state  of  the  peripheral  part  to  which  the  sen- 
sations are  referred ;  for  this  may  liave  been  paralysed  by  the  division  or 
other  leaion  of  tho  nerve,  or  may  have  been  altogether  separated  as  in 
amputation,  or  the  relative  position  of  its  parts  may  have  been  changed, 
U3  in  autoplastic  operations.  So,  when  diiFerent  parts  of  the  thickneea  of 
the  same  trunk  are  separately  and  successively  irritated,  the  senaationg 
are  sucoeaaively  referred  to  the  several  parts  supplied  by  these  di^dsiona 
This  may  be  easily  shown  by  compressing  the  ulnar  nerve  in  different 
direction^  where  it  paaaes  at  the  inner  aide  of  the  elbow-joint. — Still  tFte 
mind  undoubtedly  does  posseea  a  certain  power  of  discriminating  the  |mrt 
of  tlie  nerve-trimk  on  which  the  impression  is  made  ;  for  whilst  Uiia 
impression  is  such  as  to  produce  sensations  that  are  referred  to  its  peri- 
pheral extremities,  pain  is  at  the  same  time  felt  in  the  spot  itself;  tmd  it 
would  seeai  as  if  slight  inipreasions  are  onl^  felt  in  tlie  latter  situation,  at 
least  in  the  normal  condition  of  the  trunk  or  fibre.  Thus,  as  it  has  been 
well  remarked  by  Volkmann,  "  if  a  needless  point  be  drawn  in  a  straight 
line  across  the  ba^k,  or  the  thigh,  or  any  part  in  which  t!ie  nerves  are 
widely  p Laced,  the  mind  perceives  the  Hue  of  irritation  as  a  straight  one; 
whereas,  if  it  referred  aU  impressions  to  the  ends  of  irritated  fibres^  this 
mode  of  irritation  sliould  be  felt  in  sensations  variously  scattered  about 
the  line,  at  the  points  where  the  iierve*fibres  croaaed  by  the  needle 
terminate,"'!' 

IT.  The  sensation  produced  .by  irritation  of  a  branch  of  the  nerve  is 
confined  to  the  parts  to  which  that  branch  ia  distributed,  and  does  not 
affect  the  branches  which  come-off*  from  the  nerve  higher  up. — The 
rationale  of  this  law  is  at  once  intelligible;  but  it  should  be  mentioned 
that  there  are  certain  conditions,  in  which  the  irritation  of  a  aiugle 
nerve  will  give  rise  to  sensations  over  a  great  extent  of  the  body,     Thb 

•  "  Elementfi  of  Pbyfliology/*  tmnalated  by  Dr,  B&lj ;  pp.  680,  680. 

f  EirkfiH  and  Pagafa  ^'HaDdbook  of  Pbjaioltigy/'  p.  375. — It  doai  not  WKSa  in- 
probable,  however,  tbat  in  th*;  case  fjf  tbo  compresaion  or  olhor  irritatioti  of  «  laru* 
neryO'traak,  tbe  local  pain  uiftj  bo  produced  througb  tli«  ioKtnitnfiitality  of  nem  n^r* 
varum^  tbe  exi^fiuee  of  vhieh  m  acart^slj  hss  pmbaMe  thou  that,  ofvam  i 
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*  radiation  of  sensations*  seems  rather  due,  however,  to  a  particular  state 
of  the  central  organs,  than  to  any  direct  communication  among  the  peri- 
pheral fibres. 

III.  The  motor  influence  is  propagated  only  in  a  centrifugal  direction, 
never  in  a  retrograde  course.  It  may  originate  in  a  spontaneous  change 
in  the  central  organs,  or  it  may  be  excited  by  an  impression  conveyed  to 
them  through  afferent  nerves ;  but  in  both  cases  its  law  is  the  same. 

rv.  When  the  whole  trunk  of  a  motor  nerve  is  irritated,  all  the  muscles 
which  it  supplies  are  caused  to  contract.  This  contraction  evidently 
results  firom  the  similarity  between  the  effect  of  an  artificial  stimulus 
applied  to  the  tnmk  in  its  course,  and  that  of  the  change  in  the  central 
organs  by  which  the  motor  influence  is  ordinarily  propagated.  But 
when  only  a  part  of  the  tnmk  or  a  branch  is  irritated,  the  contraction  is 
usually  confined  to  the  muscles  which  receive  their  nervous  fibres  from 
it ;  in  this  instance,  as  in  the  other,  there  is  no  lateral  communication 
between  the  fibrils. — An  exception  exists,  however,  in  regard  to  galvanic 
irritation,  which  may  be  transmitted  laterally  when  its  ordinary  course 
is  checked ;  as  has  been  shown  by  the  following  ingenious  experiment  of 
M.  du  Bois-Reymond.  If  any  motor  nerve  be  selected  which  divaricates 
into  two  branches  (as,  for  example,  the  sciatic  nerve  of  a  frog,  which 
divides  above  the  bend  of  the  knee  into  the  tibial  and  peroneal  branches), 
and  a  galvanic  stimulus  be  applied  to  either  of  these  branches,  this 
having  been  first  divided  above  its  insertion  into  the  muscles,  the  elec- 
trotonic  state  will  be  developed,  not  merely  in  the  portion  of  the  trunk 
continuous  with  that  branch,  but  also  in  that  which  is  continuous  with 
the  other  branch,  as  will  be  made  apparent  by  the  contraction  in  the 
muscles  supplied  by  the  latter.  That  this  experiment  may  be  free  from 
the  possible  fellacy  resulting  from  the  excitement  of  reflex  action,  the 
tnmk  of  the  sciatic  nerve  should  be  divided  high-up,  or  the  spinal  cord 
be  destroyed. 

446.  Determination  of  the  Functions  of  Nerves, — Various  methods  of 
determining  the  functions  of  particular  nerves  present  themselves  to  the 
Physiological  inquirer.  One  source  of  evidence  is  drawn  from  their 
peripheral  distribution.  For  example,  if  a  nervous  trunk  is  found  to 
lose  itself  entirely  in  the  substance  of  Muscles,  it  may  be  inferred  to  be 
chiefly,  if  not  entirely,  motor  or  efferent.  In  this  manner  Willis  long 
ago  determined  that  the  Third,  Fourth,  Sixth,  Portio  Dura  of  the  Seventh 
(or  Facial),  and  Ninth  cranial  nerves,  are  almost  entirely  subservient  to 
muscular  movement ;  and  the  same  had  been  observed  of  the  fibres  pro- 
ceeding from  the  small  root  of  the  Fiflh  pair,  before  Sir  C.  Bell  experi- 
mentally determined  the  double  function  of  that  division  of  the  nerve 
into  which  alone  it  enters.  Again,  where  a  nerve  passes  through  the 
muscles,  with  little  or  no  ramification  among  them,  and  proceeds  to  a 
Cutaneous  or  Mucous  siuface  on  which  its  branches  are  minutely  distri- 
buted, there  is  equal  reason  to  believe  that  it  is  of  a  sensori/  or  rather  of 
an  afferent  character.  In  this  manner  Willis  came  to  the  conclusion, 
that  the  Fifth  pair  of  cranial  nerves  differs  from  those  previously  men- 
tioned, in  being  partly  sensory.  Further,  where  a  nerve  is  entirely  dis- 
tributed upon  a  surface  adapted  to  receive  impressions  of  a  special  kind, 
tm  the  Schneiderian  membrane,  the  retina,  or  the  membrane  lining  the 
internal  ear,  it  may  be  inferred  that  it  is  not  capable  of  transmitting  any 
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Other  kind  of  impressions ;  for  experiment  has  sLown  that  tlie  special 
sensori/  nerves  do  not  poseesa  conmioii  senaihility^  The  cam  is  different^ 
however,  in  regard  to  the  aense  of  taste,  which  originates  in  impresaiona  \ 
not  tar  removed  from  tliose  of  ordinary  touch  ;  and  it  is  probable  that 
the  same  nerves  minister  to  both, — Anatomical  evidence  of  this  kind  is 
valuable  allBOi  not  only  in  reference  to  the  functions  of  a  principal  trunk, 
but  even  as  to  those  of  its  several  branches,  which,  in  some  instances^ 
differ  considerably,  Tims,  some  of  the  branches  of  the  PnemMOgastric  are 
especially  motor,  and  otliera  almost  exclusively  afferent ;  and  anatoniicsil 
exaniination,  careiully  prosecuted,  not  only  assigns  the  rejiaons  for  these 
fimctionsT  when  ascert^ed,  but  is  in  itiSelf  nearly  suiiicient  to  determine 
them.  For  the  superior  laryngeal  branch  is  distributed  almost  entdrely 
upon  tlie  mucoiis  surface  of  the  larynx,  the  only  muscle  it  supplies  being 
the  cri CO- thyroid  |  whilst  the  inferior  laryngeal  or  recurrent  is  almost 
exclusively  distributed  to  the  muscles.  From  tliis  we  might  infer,  tlmt 
the  Ibmier  is  an  afferent,  and  the  latter  a  motor  nen^e ;  and  experimental 
inquiries  (iXB  we  have  seen,  §  281)  fiilly  confirm  this  view*  In  lite 
manner  it  may  be  sliown,  that  the  Glosso-pharyngeaJ  is  cliiefly  an  afferent 
nervci  since  it  is  distributed  to  the  surface  of  the  tongue  and  pharynx, 
and  scarcely  at  all  to  the  miLscles  of  those  parte ;  whilst  the  pharyngeal 
branchea  of  the  Pneumogastric  are  chiefly,  if  not  entirely,  motor  (§  69), 
Lower  down,  however,  the  branchea  of  the  Gloaao-pharyngea!  cease,  and 
the  QBSophageal  branchea  of  the  Pnenmogaatric  arc  distributed  both  to  tlie 
mucous  surface  and  to  the  muscles,  from  ivhicli  it  may  be  interred  that 
they  arc  both  afferent  and  motor ;  a  deduction  which  experiment  con- 
firms (§  70)* — We  perceive,  therefore,  that  much  knowledge  of  tlie  fimc^ 
tion  of  a  nerve  may  be  obtained  Jrom  the  attentive  study  of  its  nitimate 
diBtribution ;  but  it  is  necessary  that  this  should  he  very  carefully  aec^er- 
tained,  beibre  it  is  made  to  serve  as  tbe  foundation  for  pbysiological 
inferences.  As  an  example  of  former  errors  in  tliis  respect,  may  be  men* 
tioned  the  description  of  the  Portio  dura  of  the  Seventh  (or  Facial)  at  first 
given  by  Sir  C*  Bell  j  for  he  incorrectly  stated  it  to  be  distributoi  to 
the  akin  as  well  as  to  the  mtiscles  of  the  iace,  and  erroneously  regarded 
it  as  in  part  an  afferent  nerve,  subservient  to  respiratory  impressions 
as  well  as  to  motions.  In  the  same  manner,  from  inaccurate  observa- 
tion of  the  ultiniiite  distribution  of  the  Superior  Laryngeal  nerve,  it 
was  long  regarded  as  that  which  stimulated  to  action  the  constrictors  of 
t;he  glottis. 

447.  But  the  knowledge  obtained  by  such  anatomical  examinationa 
alone  is  of  a  very  general  kind ;  and  requires  to  be  made  particular, — to  1 
be  corrected  and  modified,— by  other  aourcea  of  information.  One  ^ 
these  relates  to  the  conntciion  of  the  tru^8  with  the  central  organs.  The 
evidence  derived  from  this  source,  however,  is  seldom  of  a  y^ry  definite 
character ;  and,  in  fact,  Physiologists  have  rather  been  accustomed  to 
judge  of  the  functions  of  particular  divisions  of  the  nervous  centres  by 
those  of  die  nerves  with  which  tliey  are  connected,  than  to  draw  aid  ' 
from  the  former  in  the  determination  of  the  latter.  Still,  this  kind  of 
examination  is  not  without  its  iise,  when  there  is  reason  to  believe  that 
a  jjarticnlar  tract  of  fibrous  etructure  has  a  certain  fiinction,  and  when 
the  office  of  a  nerve  whose  roots  terminate  in  it  is  donbtfhl.  Here,  again, 
however,  very  minute  and  accurate  examination  is  necessary,  before  any 
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sound  physiological  inferences  can  be  drawn  from  &ct8  of  this  descrip- 
tion ;  and  many  instances  might  be  adduced  to  show,  that  the  real  con- 
nections of  nerves  and  nervous  centres  are  often  very  different  from  their 
apparent  ones. 

448.  Most  important  information  as  to  the  functions  of  particular 
nerves  may  be  drawn  from  experimental  inquiries ;  but  these  also  are 
liable  to  give  fallacious  restdts,  unless  they  are  prosecuted  with  a  full 
knowledge  of  all  the  precautions  necessary  to  insure  success.  Some  of 
these  will  be  here  explained. — ^In  the  first  place,  the  endowments  of  the 
trunk  and  of  the  roots  of  a  nerve  may  differ ;  owing  to  the  admixture,  in 
the  former,  of  fibres  derived  by  inosculation  from  another  nerve  (§  444). 
Hence,  in  order  to  attain  satis&ctory  results,  a  comparative  set  of  ex- 
periments should  always  be  made  upon  each. — ^A  nerve-trunk  may  be 
too  hastily  considered  as  motor,  on  accoimt  of  the  excitation  of  muscular 
movements  by  irritation  of  its  trunk,  whilst  still  in  connection  with  its 
centre ;  for  such  movements  may  be  called-forth,  not  only  by  the  direct 
infiuence  of  the  nerve  upon  the  muscles,  but  also  by  reflex  stimulation 
acting  through  the  ganglionic  centre  upon  some  other  nerve.  The  real 
nature  of  such  movements  can  only  be  determined  by  dividing  the  trunk, 
and  then  irritating  each  of  the  cut  extremities.  If,  upon  irritating  the 
end  separated  from  the  centre,  muscular  contractions  are  produced,  it 
may  be  safely  inferred  that  the  nerve  is,  in  part  at  least,  of  an  efferent 
character.  Should  no  such  result  follow,  this  would  be  improbable.  If, 
on  the  other  hand,  muscular  movement  should  be  produced  by  irritating 
the  extremity  in  connection  with  the  centre,  it  will  then  be  evident,  that 
it  is  occasioned  by  an  impression  conveyed  towards  the  centre  by  this 
trunk,  and  propagated  to  the  muscles  by  some  other ;  in  other  words,  to 
use  the  language  of  Dr.  M.  Hall,  this  nerve  is  an  *  excitor'  of  motion, 
not  a  direct  motor  nerve.  The  Glosso-pharyngeal  has  been  satisfactorily 
determined,  by  experiments  of  this  kind,  performed  by  Dr.  J.  Reid  (§  69), 
to  be  chiefly,  if  not  entirely,  an  afferent  nerve. — It  has  been  firom  the 
want  of  a  proper  mode  of  experimenting,  that  the  functions  of  Hie  posterior 
roots  of  the  Spinal  nerves  have  been  regarded  as  in  any  degree  motor. 
If  they  be  irritated,  without  division  of  either  root,  motions  are  often 
excited ;  but  if  they  be  divided,  and  their  separated  trunks  be  then  irri- 
tated, no  motions  ensue ;  nor  are  any  movements  produced  by  irritation 
of  the  roots  in  connection  with  the  spinal  cord,  if  tiie  anterior  roots  have 
been  divided.  Hence  it  appears  that  these  fibres  do  not  possess  any 
direct  motor  powers,  but  rfiat  they  convey  impressions  to  the  centre, 
which  are  reflected  to  the  muscles  through  the  anterior  roots. — The  same 
difficulties  do  not  attend  the  determination  of  the  sensory  endowments  of 
nerves.  If,  when  the  trunk  of  a  nerve  is  pricked  or  pinched,  the  animal 
exhibits  signs  of  pain,  it  may  be  concluded  that  the  nerve  is  capable  of 
receiving  and  transmitting  sensory  impressions  from  its  peripheral  ex- 
tremity. But  it  not  unfrequently  happens  that  this  capability  is  derived 
by  inosculation  with  another  nerve ;  as  is  the  case  with  the  Facial,  which 
is  sensory  afler  it  has  passed  through  the  parotid  gland,  having  received 
there  a  twig  from  tlie  Fiflh  pair. 

449.  The  fallacies  to  which  all  experiments  upon  the  nerves  are  sub- 
ject, arising  from  the  partial  loss  of  their  power  of  receiving  and  convey- 
ing impressions,  and  of  exciting  the  muscles  to  action,  afiier  death,  are  too 
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obvious  to  require  more  particular  mention  here  \  jet  tbej  are  irequently 
overlooked.  Of  a  similar  description  are  those  arising  Irom  severe  dis- 
turbance of  the  ajBteni,  in  conset^uence  of  operation h  ;  which  also  have 
not  been  enough  regarded  bj  experimenters.^ — As  a  general  rule,  negative 
restdta  are  of  less  %'alue  than  positive  ;  but  very  careful  di&crimination  is 
oiten  required  to  determine  what  «r*  negative,  and  what  positive  results. 
Each  particular  cjjse  has  its  own  sources  of  fallacy,  which  require  to  be 
logically  scrutinized ;  and  the  only  satialaetory  proof  is  derived  irom  the 
concurrence  of  every  kind  of  evidence  which  the  nature  of  the  inquiry 
admitB-of*  Thus  in  the  determination  of  the  functions  of  a  parti ci Jar 
nerve-trunk,  it  should  be  shown  that  a  certain  effect  is  constant  If/  pro- 
duced by  its  excitation  (under  the  conditions  laid-down  in  the  preceding 
paragraph),  and  that  a  corresponding  interruption  in  the  action  to  which 
ifc  is  hence  inferred  to  be  siibservient,  take^  place  when  its  continuity  has  | 
been  interrupted :  by  this  double  proof,  the  Glosso -pharyngeal  and  the 
Fneumogastric  are  shown  to  be  the  principal^  but  not  the  sole^  exciters 
of  the  movements  of  Deglutition  and  Inspiration  respectively.  But  the 
evidence  afforded  solely  by  the  interruption  oi"  a  particular  function,  aite 
the  division  of  a  certain  nerve,  or  the  destruction  or  removal  of  a  nervous 
centre,  is  by  no  means  ao  eatis&ctory ;  for  tliis  may  be  occasioned  rather  1 
by  the  general  effects  of  the  openition,  than  by  the  simple  lesion  of  Uie  1 
nervoufl  apparatus.  In  order  to  get  rid,  so  far  as  possible,  of  this  soupca  J 
of  iallacy  (which  particularly  aiFects  experiments  upon  the  Encephalie 
centres^  and  npon  die  influence  of  the  nerves  upon  the  viaceni),  it  is 
desirable  to  perform  comparative  experiments,  in  which  the  general  injury 
ahall  be  as  nearly  as  possible  the  same,  and  the  only  difierence  shall  lie 
in  the  lesion  of  the  nervous  system ;  and  to  subtract  irom  tlie  entire 
result  all  that  can  be  thus  shown  to  be  attributable  to  ttie  general  dis- 
turbance produced  by  tlie  operation.  Bnt  even  then,  it  may  happen  that 
the  tuncdon  is  only  suspended  for  a  time,  by  the  shock  which  has  be^u 
induced  by  tlxe  injury  to  the  nerve;  and  if  it  sliould  be  Fuhsequently 
renewed  witliout  any  reunion  of  the  tmmk,  we  have  the  most  convincing 
proof  that,  whatever  degree  of  participation  tlie  nerve  may  have  in  it, 
the  action  is  not  essentiaOy  dependent  upon  the  integrity  of  that  jiortioa 
of  the  iier\^ous  apparatus.  Such  we  have  seen  to  be  tJie  case^  in  regard  to 
the  relation  of  the  Pneumogastric  nerves  to  the  secretion  of  gaslaric  fluid 
in  the  walls  of  the  stomach  (§§  88,  8J>)> 

450.  AH  our  positive  knowledge  of  the  functions  of  the  Nervous  Systi^m 
in  general,  save  tliat  which  reaiilta  from  our  own  consciousness  of  what 
passes  within  ourselves,  and  that  which  we  ahtain  irom  watching  the 
manifestations  of  disease  in  Man,  is  derived  from  observation  of  the  phe- 
nomena exhibited  by  animals  made  the  subjecta  of  ex|>erimentB ;  and  in 
the  interpretation  of  tJieae,  great  caution  must  be  exerciseth— In  the  first 
place  it  must  bo  constantly  borne  in  mind,  that,  except  through  the  tmwe- 
rnrntu  consequent  upon  them,  we  have  no  means  of  ascertaining,  whether 
or  not  particular  changes  in  the  Nervous  System,  whose  character  we  are 
endeavouring  to  determine,  are  attended  with  Sensation ;  since  we  have 
no  power  of  judging  whether  or  not  this  has  been  excited,  save  by  the 
cries  and  struggles  of  the  animal  made  the  subject  of  experiment.  Now  i 
although  such  cries  and  struggles  are  ordinarily  considered  as  indications  ^ 
of  pain,  yet  it  is  not  right  so  to  regard  them  in  every  instance ;  and  the 
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only  unequivocal  evidence  is  derived  from  observation  of  the  correspond- 
ing phenomena  in  the  Human  subject ;  since  we  can  there  ascertain,  by 
the  direct  testimony  of  the  individual  afEected,  what  impressions  pro- 
duce sensation,  and  what  excite  movements  independently  of  sensation. 
Further,  we  are  not  justified  in  assuming  that  Consciousness  is  excited 
by  an  irritation,  still  less  that  Intelligence  and  Will  are  called  into  exer- 
cise by  it,  merely  because  movements  evidently  tending  to  get  rid  of  its 
source  are  performed  in  respondence  to  it.  We  know  that  the  contrac- 
tions of  the  heart  and  alimentary  tube  are  ordinarily  excited  by  a  stimulus, 
without  any  sensation  being  involved ;  and  these  movements,  like  aU  that 
are  concerned  in  the  maintenance  of  the  Organic  functions,  have  an 
obvious  design,  when  considered  either  in  their  immediate  effects,  or  in 
their  more  remote  consequences.  The  character  of  adaptivenesSj  then, 
in  Muscular  movements  excited  by  external  stimuli,  is  no  proof  that  they 
are  performed  in  obedience  to  sensation ;  much  less  that  they  have  a 
voluntary  character.  In  no  case  is  this  adaptiveness  more  remarkable, 
than  in  some  of  those  actions,  which  are  not  only  performed  without  any 
effort  of  the  will,  but  which  the  will  cannot  imitate.  This  is  the  case, 
for  example,  with  the  act  of  Deglutition  (§§  66,  67),  the  muscles  con- 
cerned in  which  cannot  be  thrown  into  contraction  by  a  volimtary  im- 
pulse, being  stimulated  only  by  impressions  conveyed  from  the  mucous 
sur&ce  of  the  fauces  to  the  Medulla  Oblongata,  and  thence  reflected  along 
the  motor  nerves.  No  one  can  swallow,  without  producing  an  impression 
of  some  kind  upon  this  surface,  to  which  the  muscular  movements  will 
immediately  respond.  Now  it  is  impossible  to  conceive  any  movements 
more  perfectly  adapted  to  a  given  purpose,  than  are  those  of  the  parts  in 
question ;  and  yet  they  are  independent,  not  only  of  volition  but  of  sen- 
sation, being  still  performed  in  cases  in  which  consciousness  is  completely 
suspended  or  entirely  absent.  The  act  of  Sucking  in  the  infant,  again, 
is  one  in  which  a  number  of  muscles  are  called  into  combined  contraction, 
in  a  manner  which  shows  a  complete  adaptation  to  a  given  purpose ;  and 
yet  it  is  impossible  to  suppose  this  adaptation  to  be  purposive  on  the  part 
of  the  infant  itself;  more  especially  as  it  is  shown,  both  by  the  occur- 
rence of  monstrosities,  and  by  experiments  made  with  this  object,  that  no 
part  of  the  Cranio-spinal  axis  above  the  Medulla  Oblongata  is  necessary 
to  it.  And  in  the  acts  of  Coughing  and  Sneezing  (§  280),  we  have 
additional  examples  of  the  most  adaptive  movements,  executed  by  a  mar- 
vellous combination  of  separate  muscular  actions,  with  the  obvious  purpose 
of  removing  sources  of  irritation  from  the  air-passages ;  and  yet  we  know 
by  personal  experience,  that  this  combination  is  not  made  widi  any  design 
of  our  own. 

451.  The  activity  of  the  nervous  ganglia  and  of  the  nervous  cords 
is  alike  called  into  action  by  the  application  of  stimuli.  These  vary  in 
their  nature,  and  whilst  some,  as  electrical  currents,  chemical  agents  and 
mechanical  pressure,  can  excite  all  nerves  to  action,  others,  like  the  vibra- 
tions of  light  and  sound,  odorous  emanations,  and  heat,  appear  to  be  only 
capable  of  exciting  nerves  whose  intimate  structure  especially  adapts 
them  for  responding  to  the  impressions  made  by  these  delicate  yet  active 
agents.  It  is  probable  that  in  all  instances  the  condition  of  nervous 
activity  is  accompanied  by  a  change  in  the  molecular  condition  of  the 
particles  of  the  nerve,  which  is  more  easily  effected  in  sensory  than  in 
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motor  nerves,  tlie  latter  requiring  a  tnuch  more  energetic  operation  of  the 
several  kinds  of  atmiuli  tliaa  tlie  former.  Whatever  may  be  the  nature  of 
tlie  stimuhifl  acting  upon  a  nerve,  and  however  energetic  its  Oftemtion, 
neitbei'  inflation  nor  motion  is  produced  when  the  passage  irom 
one  grade  of  intensity  to  another  is  extremelj  gentle.  Thus,  if 
mechanical  pressure  be  so  applied  to  a  motor  nerve,  as  Uiat,  commencing 
wil^  the  slightest  possible  contact,  it  may  steadily  and  continuously 
increase  in  force  even  till  tlie  nerve  be  killed  at  that  spot,  no  convulaiona 
occur  in  the  muscles  to  which  it  is  diBtributed,*  Mu^uhu*  contriictioti 
only  siipervenes  when  sudden  changes,  producing  a  kind  of  shock*  arc 
made  either  in  increasing  or  diminiahing  pressure.  In  proportion  to  tho 
energy  of  the  shock  or  vibration  of  the  particles  of  the  nerve,  ia  die  effect 
produced  on  the  muscles  :  thus  we  sec  that  tetanic  convukions  m&y  be 
induced  by  violent  extension  of  a  nerve,  and  that  the  whole  body  of  a  deca- 
pitated frog  can  be  rendered  rigid  by  tlurowing  it  on  the  ground.  In  a 
similar  manner,  whilst  the  sudden  application  of  a  ligature  to  a  sensory 
nerve  produces  acute  pain,  nimibness  ultimately  passing  into  entire  in- 
senaibilily  is  the  only  effect  if  it  be  gradually  applied.  Chauveauj'  hns 
endeavoured  to  explain  the  effects  of  even  tie  electrical  current  on  the 
sup^iosition  that  it  produces  a  mechanical  commotion  in  the  particles  of 
the  nerve.  Chemiciil  fitimidi  act  but  slowly  on  nerves,  which  we  may 
attribute  to  tJie  sheath  of  tlie  fibres  aiiording  a  cettjiin  amount  of  protec- 
tion  to  the  contents.  The  sensory  nerves  appear  to  be  much  more 
readily  acted  on,  and  by  a  much  greater  nuige  of  chemical  agents,  tlian 
the  motor  nerves;  powerftd  stimuli  for  the  latter  are^  however,  found  in 
solutions  of  Soda  and  Potash,  even  when  not  exceeding  2  per  cent,  in 
those  of  Nitrate  of  Potash  and  of  Hydrocliloric  acid,  containing  20  per 
cent,  and  in  concentrated  solutions  of  Ammonia  and  Alcohol  (90  per  cent); 
the  latter,  howevpr,  rapidly  killing  the  nerve  at  the  point  where  they  have 
been  applied.  Bisulphide  of  carbon,  the  B^tlicrial  oils,  and  concentrated 
mineral  acids,  kill  tiie  nerve  at  once  witliout  producing  convulsions. f 
Water  apphed  to  nerve- trunks  excites  no  muscular  contractions,  but  if 
injected  into  the  vessels  distributed  to  a  muscle  induces  very  Tiolent  con- 
vnlsions,  which  are  heheved  by  Schiff  to  be  due  to  the  direct  effect  of  the 
water  upon  tJie  delicate  terminations  of  the  nerves  in  the  muscles.  With- 
drawal of  water  from  the  nerves,  if  effected  gradually,  produces  no  effect, 
but  if  accomplished  rapidly,  produces  tetanus,  §  As  regards  thermic 
irritation  as  a  stinndus  for  rfie  nert'eSj  it  has  been  shown  by  Weber  that 
the  sensory  nerves  do  not  perceive  positive  temperature,  hut  only 
variations  in  the  degree  of  heat  of  external  objects.  The  intluence  of  varia* 
tions  of  temjjeratiire  on  motor  nerves  has  been  investigated  by  Eckhard, 
who  has  shown  that  a  temperature  of  about  130*^  F,  produces  convulsions 
in  irogs,  which,  however,  soon  cease;  the  irritjibility  of  the  nerves  being  then 
lost,  though  upon  cooling  they  occasionally  regain  it.  Sudden  exposure  to 
a  temperature  of  about  25^  F.  also  produces  convulsions. |  Temperatiires 
intermediate  to  these  limits  do  not  occasion  convulsions,  but  tlio  nerve  soon 
*  Sobiff,  "  Phyatologie,"  1S59,  p.  H.  , 

t  Schiir,  *•  Phyaiologiei,"  185&,  p,  lOK 
i  HarlesK,  *^  Zcit^cbrift  f.  R&t*  M&h,"'  bnnil  Tfii.  p.  219, 

jj  EckbonJi  '*  Zcntsduiit  C  K&t.  Mfxl./^  hand  x.  p*  16S;  and  Iliirka^  thltaj  baud  vuL 
p.  12S. 
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loaes  its  irritability  when  exposed  to  those  near  either  the  higher 
cr  the  lower  extreme.  Moreover,  here  also  sudden  variations  produce 
convulsion  with  more  certainty  than  when  the  change  is  slow  and 
gradual. 

452.  The  rapidity  with  which  sensory  and  motor  impressions  are 
transmitted  through  the  Nerves  of  the  living  body  is  apparently  so  great, 
and  the  means  of  estimating  it  at  our  disposal  so  few,  that  it  is  doubtful 
whether  we  shall  ever  be  able  to  determine  it  with  accuracy ;  but  the 
ingenuity  of  Helmholtz  has  enabled  him  to  ascertain  with  some  precision 
the  rate  at  which  the  change  induced  by  the  passage  of  an  electrical 
current  is  propagated  along  a  small  portion  of  a  nerve.  The  following 
Figure  and  description  deserve  attention,  since  they  exhibit  the  mode  in 
which  physical  research  can  be  applied  to  the  most  recondite  questions 
of  animal  life.  It  is  required  to  measure  the  time  which  any  excitation 
takes  to  travel  from  the  cut  end  a  of  the  nerve  N  to  its  point  of  entrance 
b  into  the  muscle  m.  As  the  means  of  excitation,  Helmholtz  employs 
an  instantaneous  induction  current  in  the  follovring  mode : — ^At  the  mo- 
ment that  a  constant  current  passing  through  the  coil  p,  from  the  bat- 
tery K,  is  broken,  an  instantaneous  induced  current  passing  in  the  same 
direction  is  excited  in  Q ;  this  is  the  stimulus  acting  on  the  nerve  at  a. 
The  time-measuring  current  is  formed  by  a  second  battery  h,  into  some 
part  of  whose  circuit  a  galvanometer  E  is  introduced.  It  is  requisite 
that  the  closure  of  this  current  should  be  precisely  coincident  wiUi  the 
opening  of  the  inducing  current  from  k,  by  which  the  induced  current 
at  Q,  or  the  stimulus,  is  produced ;  this  is  effected  by  the  lever  arc, 
whose  arm  A  rests  on  ihe  metal  plate  o  and  completes  the  circuit 
K  L  A  P.  If  now  the  metal  point  d  be  forcibly  pressed  on  b,  the  time- 
measuring  current   passing   through  h  i  b  d  £  f  a  will   be  closed ;    but 

Fio.  92. 


at  the  same  instant,  from  the  depression  of  the  arm  b,  the  stimulus  will 
be  applied  to  tlie  nerve  through  tlie  opening  of  the  inducing  current 
K  L  A  p,  which  is  the  result  of  the  elevation   of  the  arm  A.      But  as 
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soon  as  the  stimulus  has  readied  the  muscle  m,  ajler  traTeraing  the 
nerire  N  the  muscle  contractB,  raising  with  it  the  hook  Oj  which  just 
dips  into  the  cup  of  mercury  f^  and  consequent! j  breaking  the  time- 
measuring  current  proceeding  Irom  the  batteiy  H,  The  extent  to  which 
the  galvanotncter  needle  has  been  deflected  indicates  tlie  time  during 
which  the  current  hria  been  flowing  through  the  circtnt  h  i  b  D  e  r  g, 
that  IS,  the  time  which  hiis  intervened  from  the  instant  of  the  application 
of  the  stimulus  to  the  nerve  at  Uf  to  the  moment  when  the  contraction  of 
the  muscle  breaks  that  current,  A  portion  of  this  time  is  occupied  in 
the  transmission  of  the  stimulus  from  the  point  a  to  the  muscle,  and  a 
portion,  termed  the  period  of  latent  excitation,  elapses  before  the  muscle 
responds  to  the  etimiiliis.  In  order  to  ascertain  tlie  duration  of  the 
former  period,  the  experiment  is  repeated  with  this  alteration,  that  the 
stimulus  is  applied  at  A,  and  again  the  extent  to  which  the  needle  is 
deflected  is  read  off ;  the  difference  bet w eon  the  two  observations  then 
gives  the  time  occupied  by  the  stimulu*!  in  parsing  Irom  a  to  L  Froml 
numerous  experiments  with  this  instrument,  Helmholt^  arrived  at  tlie 
conclasion  that  in  the  Frog^  at  a  temperature  between  52°  F*  and  70**  F., 
the  rapidity  of  the  propagation  of  impressions  along  motor  ner\'ea  was 
from  81  to  126  feet  per  second,  and  he  estimates  tlie  rapidity  for  human 
nerve  at  somewhat  more  than  200  feet  per  second.  In  the  chronoscopic 
researches  of  M.  Adolph  llirsch,*  the  rapidity  of  propagation  of  sensation 
along  the  nerves  of  common  sensibility  is  estimated  to  be  about  34  metrefl|  I 
or  110  feet  per  second.  That  conaiderable  differences  exist  in  the  rapidit 
of  propagation  in  the  Nerves  themselves  is  evident,  as  Budgef  remark 
from  die  effects  produced  on  the  Iria  by  irritating  the  Third  and 
Fifth  nerves  in  Habbita,  contraction  following  quickly  m  the  ibrmerl 
and  slowly  in  the  Latter  case.  And  Colin  J  has  noticed  that  if  the  sym- 
pathetic gangha  are  strongly  irritated^  reflex  movements  are  immediately 
produced;  but  when  the  excitation  is  more  feeble,  a  longer  time  elapses 
before  the  movements  occur,  M,  Hirach  has  even  attempted  to  deter- 
mine the  relative  rapidity  with  which  impressions  are  transmitted  through  J 
the  nervei  of  sight,  hiring,  and  touch ;  and  the  following  Table  givei^ 
his  conclusions,  in  which  the  term  ^  Physiological  time '  signifies  the 
period  occupied  in  the  perception  of  the  impression,  and  in  the  origina- 
tion and  execution  of  tie  muscular  movement  by  which  the  time 
was  re^stered : — 


S^M. 

Time. 

Mean          1 

I*  Ee^rhig     .     ^     ......     . 

2,  ViBiud  perceptioa  of  a  itpjirk    .    ,    « 
3*  Tiatuii  perception  of  ths  tmnait  of  » 

it«r 

1.  Taacb  (Kelt  hand) 

0-182 

+  0-025 
±  O'Olti 

+  O'OSS 

+  0015 

Thus  it  wiU  be  observed  that  the  perception  and  registration  of  an  ime:^- 


♦  "MolOTch<Jtt*a  UnteratKsh./*  band  ix.  heft  ii,  1863,  p.  X83. 

+  "Phjsinbgi^**  p*  655,  18612.  t  *'CoTtipt^  Headus,"  1861,  i.  p,  ^69. 
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pected  appearance  (spark)  occupies  much  more  time  than  the  perception 
of  a  slowly-awaited  one  (transit  observation),  and  one-third  more  than 
even  the  perception  of  a  sound ;  but  the  mean  variation  in  the  latter  case 
was  considerably  greater. 

453.  Electrical  Currents  of  the  Nerves, — The  discovery  that  an  electric 
current  exists  in  Nerves,  is  entirely  due  to  M.  du  Bois-Reymond. 
When  a  small  piece  of  a  nerve-trimk  is  cut-out  from  the  recently-killed 
body,  and  is  so  placed  upon  the  electrodes  of  a  Galvanometer  that  it 
touches  one  of  them  with  its  surface  (or  natural  longitudinal  section),  and 
the  other  with  its  cut  extremity  (or  artificial  transverse  section),  a  con- 
siderable deflection  of  the  index  is  produced,  the  direction  of  which  always 
indicates  the  passage  of  a  current  from  the  interior  to  the  exterior  of  the 
nerve-trunk.  It  is  indifferent  in  regard  to  the  direction  of  the  current, 
whether  the  central  or  the  peripheral  cut  extremity  be  applied  to  the  elec- 
trode ;  and  in  fact  the  most  powerful  eflEect  is  obtained  by  doubling  the 
nerve  in  the  middle,  and  applying  both  transverse  sections  to  one  electrode, 
whilst  the  loop  is  applied  to  the  other.  On  the  other  hand,  if  the  two 
cut  extremities  be  applied  to  the  two  electrodes  respectively,  no  decided 
effect  is  produced ;  and  the  same  neutrality  exists  between  any  two  points 
of  the  surface  of  the  trunk,  equidistant  from  the  middle  of  its  length;  but 
if  the  points  be  not  equidistant,  then  a  slight  deflection  is  produced,  indi- 
cating that  the  parts  nearer  the  middle  are  positive  to  those  nearer  the 
extremities.  It  has  not  been  found  possible,  owing  to  the  smaU  size  of  the 
nerve-tnmks  experimented-on,  to  test  in  a  similar  manner  the  relative 
state  of  different  points  of  their  transverse  section ;  but  there  can  be  little 
doubt,  from  the  complete  conformity  which  exists  in  other  respects  be- 
tween nervous  and  muscular  currents,  that  the  same  law  will  be  found  to 
prevail  in  the  former  as  in  the  latter  case ;  namely,  that  the  points  nearer 
the  surfece  are  positive  to  those  nearer  the  centre.  There  is  no  diflference 
between  the  motor  and  the  sensory  nerves  in  regard  to  the  direction  of 
this  current,  the  existence  of  which  has  been  proved  by  M.  du  Bois-Key- 
mond,  not  only  by  the  galvanometer,  but  also  by  the  excitement  of  con- 
tractions in  the  limb  of  the  galvanoscopic  frog. — The  *  nervous  current,' 
like  the  muscular,  must  be  considered  as  derived  from  the  electromotive 
action  of  the  molecules  of  the  nerve ;  and  it  seems  unquestionable,  that 
every  integral  jjarticle  of  the  nervous  substance  must  be  a  centre  of  electro- 
motor action,  and  must  contain  within  itself  positive  and  negative  elements; 
and  the  variations  both  of  intensity  and  direction  in  the  nervous  current, 
under  certain  circumstances,  are  so  sudden  and  so  extensive,  that  it  apj>ears 
impossible  to  accoimt  for  them  by  any  change  of  larger  heterogeneous 
elements,  or  in  any  other  way  thaii  by  assimiing  corresponding  changes 
of  position  in  almost  infinitely  small  centres  of  action.  It  is  indifferent 
what  form  is  assigned  to  these  electromotive  molecules ;  but  it  would  seem 
that  they  must  have  two  negative  polar  zones,  and  a  positive  equatorial 
zone ;  a  combination  of  such  elements  being  able  to  produce  all  the  elec- 
trical effects  of  a  nerve  in  a  state  of  rest.  It  seems  altogether  best  to  suit 
the  phenomena,  to  suppose  that  each  of  these  peripolar  molecules  is 
formed  by  the  combination  of  two  dipolar  molecules,  touching  each 
other  by  their  positive  poles, — as  in  the  subjoined  Table,  which  repre- 
sents a  band  of  four  series.  A,  B,  c,  D,  each  series  containing  four  dipolar 
molecules. 
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Dr.  EadcHfe*  tHmka  it  is  mor6  ea^  to  suppose  that  each  nezTPna  fibre 

is  composed  of  two  sets  of  electrical  molecules;  one  set  in  which  the 
positave  electricity  is  external,  and  the  negative  electricity  liiterual ;  tlie 
other  set  in  which  the  negative  electricity  is  external^  and  the  positive 
electricity  internal :  and  itirther,  that  those  molecules  ia  which  the  oega- 
fcive  electricity  is  ex:ternal  are  arranged  in  the  core  of  the  fibrCi  and  that 
the  molecules  in  w^hich  the  positive  electricity  is  external  are  clustered 
together  as  a  coating  around  this  core;  whence  it  foUows  that  "the  longi- 
tudinal surface  of  the  fibre  wiO  be  electrified  positively,  seeing  that  it  ia 
oompoaed  of  molecules  of  which  the  positive  electrici^  ib  e^^temal^  and 
the  transverse  surface  would  be  electriiied  negatively,  for  this  surface  in-* 
volves  the  exposure  of  molecules  of  which  the  negative  electricity  ii| 
external.''  The  relative  position  of  these  sets  of  molecules  may,  however, 
under  cert^n  circmuatances,  be  changed;  and  the  very  remarkable 
modifi(a,tion  of  the  ^nervous  current,'  whicli  haa  been  shown  by  Al.  du 
Boifi-Keymond  to  follow  severe  injuries  of  the  nerve  by  mechanical, 
chemical,  or  thermal  agencies,  appears  to  be  attributable  to  such  an  alter^J 
ation*  If,  for  instonce,  a  piece  of  hot  metal  be  brought  near  to  the  nerve^ 
without  touching  it,  the  nervous  current  will  he  seen  to  diminish  rapidly^ 
and  to  have  its  directiou  reversed,  during  which  the  property  possessed  by 
the  nerve  of  conveying  irritation  to  tlie  muscle,  though  somewhat  impaired, 
will  not  be  destroyed;  and  ii',  whilst  in  this  abnormal  state,  the  nerve  be 
divided,  every  transverse  section  ia  found  neutral  or  pcMitive  to  the  longi- 
tudinal section,  instead  of  negative.  If  the  nerve-tmnk  be  then  pla^d 
between  muscles,  so  as  to  recover  its  natural  moisture,  it  will  at  the  ss 
time  recover  its  usual  electromotive  power*  According  to  M.  du  Boii^l 
lleyniond,  Uie  current  sliown  by  the  entire  nerve,  when  made  to  form  parfel 
of  a  circuit,  is  only  a  derived  current  produced  by  incomparably  more  in-^ 
tense  currents  circulating  in  die  interior  of  the  nerve  around  these  ultimate 
particles,  var}*iiig  greatly  in  intensity  according  to  the  mode  in  w^hichi 
these  particlefl  arearnuiged;  but,  generally  speaking,  increasing  both  witi.1 
the  length  and  with  the  thickness  of  the  nerve  *  Dr.  Eadcliffe,  howeverjJ 
believes  tliat  all  the  phenomena  of  sensation  aad  motion  can  be  better  ex-^ 
plained  on  the  supposition  that  the  primary  electrical  condition  of  living 
muscle  and  nerve  is  one  oi' statical  j  and  not  one  of  current  electricity;  for 
by  this  means  the  various  signs  of  electrical  tension  which  can  readily  be 
shown  in  living  nerve,  and  which  is  so  characteristic  of  statical  aa  contim- 
distinguished  from  current  electricity,  can  be  rendered  easily  intelligible; 
and  he  consequently  believes  the  '* current"  which  may  be  shown  to  be 
present  in  living  nerve  in  a  state  of  inaction  is  a  secondar^^  and  not,  as 
M.  tlu  Boia-iJeymond  considered  it,  nprimaj*^  phenomenom  Putting  aside 
Dr*  Kadcli tie's  theory  for  the  present,  we  have  now  to  Ibllow  M.  du  Bois^ 
Keymond  through  his  investigations  on  the  change  in  the  condition  of  the 
*  nervous  current/  whilst  the  nerve  is  in  a  state  of  functional  activity, 
wlietlier  motor  or  sensory.  For  the  examination  of  tiiis,  it  is  desirable 
*  ''Lectures  un  certaia  I^isordiifB  of  tbfr  Niimf^ufi  SjreUmi,'*  13£4|  jh  21. 
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to  induce  a  state  of  continuoiis  action  in  the  nerve,  analogous  to  the 
tetanic  contraction  of  muscle ;  and  this  condition  in  the  motor  nerve  is 
manifestly  that  which  induces  tetanus  in  its  muscle,  whilst  in  sensory 
nerves  it  is  that  in  which  a  violent  sensation  is 
uninterruptedly  kept-up.  No  means  of  excit- 
ing such  a  state  are  so  certain  and  simple,  as 
electric  ciurents ;  but  it  is  necessary  in  the  first 
place  to  determine  the  modification  which  these 
currents  may  themselves  produce  in  the  proper 

*  nervous  current.'  If  a  portion  of  nerve- trunk 
be  so  jJaced  (Fig.  93)  Uiat  it  touches  one  of 
the  electrodes  by  its  transverse  section  (which 
may  be  designated  t),  and  the  other  by  its 
surface  or  longitudinal  section  (l),  and  a  portion 
of  its  continuation  be  included  in  a  galvanic 
circuit,  so  that  a  current  shall  pass  in  the  direc- 
tion z — p,  which  is  the  same  in  its  direction  as 
that  between  t — ^L,  then  the  intensity  of  the  *  ner- 
vous current'  t — L,  as  indicated  by  the  deflec- 
tion of  the  needle  of  the  galvanometer,  will  be 
found  to  undergo  an  increase ;  whilst  on  the  other  hand,  if  the  electric 
current  be  pa^ed  in  the  contrary  direction  p — z,  the  intensity  of  the 

*  nervous  current'  t — L  will  decrease. — The  portion  z — p  of  the  nerve, 
which  is  included  in  the  electric  circuit,  is  termed  the  excited  portion,  and 
the  current  passed  through  it  is  the  exciting  current;  on  the  other  hand, 
the  portion  T — L  included  between  the  electrodes  of  the  galvanometer  is 
the  derived  portion ;  and  the  altered  condition  of  this  part,  which  is  pro- 
duced by  the  extraneous  current  (this  current  having  been  experimentally 
proved  by  M.  du  Bois-Keymond  to  exert  no  influence  of  its  own  on  the 
galvanometer),  is  termed  the  electrotonic  state  of  the  nerve.  When  tlie 
intensity  of  the  *  nervous  current'  is  increased,  the  nerve  is  said  to  be  in 
the  positive  phase  of  tliis  electrotonic  state ;  and  when  it  is  diminished, 
the  nerve  is  in  the  negative  phase 
of  that  state. — By  a  proper  arrange- 
ment, the  same  exciting  current  may 
be  made  to  produce  the  positive  phase 
in  one  part  of  a  nerve-trunk,  and  the 
negative  phase  in  another.  Thus  if 
the  two  extremities  of  a  nerve  (Fig. 
94,  p  and  c)  be  so  connected  with 
two  galvanometers  that  both  shall  de- 
velope  the  *  nervous  current,'  and  an 
intermediate  portion  be  excited  by  the 
transmission  of  an  electric  current 
in  the  direction  z — p,  the  nervous  cur- 
rent in  the  'derived'  portion  c  will 
be  increased  in  intensity,  whilst  that 
in  the  portion  p  will  be  diminislied. 

454.  Hence  it  may  be  inferred,  that  when  any  portion  of  the  length  of 
a  nerve  is  traversed  by  an  electric  current,  besides  the  usual  electro- 
motive action  of  the  nerve,  a  new  electromotive  action  takes  place  in 
every  point  of  the  nerve,  by  a  polarization  of  its  electromotive  elements. 


Fio.  94. 
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which  action  has  the  same  direction  as  tlie  exciting  current  itself;  and  a 
current  is  ttius  produced  in  the  *  derived*  portion,  which  is  tyldt'd  to  tha 
ongmal  *  nervous  current*  at  that  end  of  the  nerve  at  which  the  direction 
of  thia  new  current  and  of  the  nervous  current  coincide  fc),  and  is  sub- 
tracted at  that  end  at  which  tLe  directions  are  different  (p).  The  intensity 
of  tlie  electrotonic  condition  is  found  ^  be  materially  affected  by  tlie 
distance  at  which  the  oerve  is  examined  from  the  point  where  die 
*  exciting  current*  is  applied,  being  always  much  greater  near  that  point 
than  at  a  considerable  distance  from  it.  It  h  also  powcrtuUy  iullueDced 
by  tiie  strength  of  the  exciting  current^  and  by  tlie  length  of  tlie  pirtion 
of  nerve  through  which  that  current  passes  inci'easiug  in  intensity 
with  stronger  currents,  and  diminishing  in  proportion  t4>  the  length  of 
nerve  the  current  has  to  traverse.  These  variations  in  the  inteuaity  of 
the  '  ner%''oiis  current*  continue  as  long  as  the  *  exciting  current*  la^cta, 
and  immediately  cease  when  the  circuit  of  that  current  is  broken.  It  is 
to  the  induction  of  the  elcctrot^jnic  state  in  the  nerve  supplying  it,  that 
the  contraction  of  a  muscle  is  dne^  which  ensties  on  the  completion  of  the 
circuit ;  and  to  the  cessation  of  thia  state,  that  the  muscuhtr  contraction 
ia  due  which  is  consequent  u|X)n  tlie  interruption  of  the  circuit-  Hence 
tbe  electrotonic  changea  in  tJie  condition  of  nerves  may  be  obfierved 
without  previously  dividing  them. — When,  on  tlie  other  hand*  a  nerve 
ia  *  tetani-zed  *  by  passing  an  ijiterrnpted  and  alternating  current  through 
a  ]:>ortion  of  it^  the  efiect  is,  as  m  the  case  of  muscle ^  to  produce  a  dimi- 
wilion  in  its  own  proper  current;  the  needles  of  both  galvanometers,  in 
the  arrangement  last  descrilied,  being  deflected  to  the  negative  side,  in- 
stead of  one  going  back  to  zero  and  the  other  having  its  positive  deflec- 
tion increased,  as  happens  when  the  *  excited  portion '  is  subjected  to  & 
contmuous  and  umlbrni  currant  The  same  negative  variation  of  the 
nervous  current  has  been  demonstrated  by  M.  du  Bois^Heymond  in 
nerves  tetanized  by  other  means,  as  by  the  use  of  strychnia.  And  the 
phenomena  l>oth  of  the  *  electrotonic  state,*  and  of  the  *  negative  varia- 
tion^ are  precisely  the  flame,  whether  motor  or  sensory  nerves  be  sub- 
jected to  the  e^xperiment ;  thus  niaking  it  appear  that  nerve-force  may 
be  transmitted  in  either  direction  along  each  of  these  orders  of  nerves, — 
Dr.  KadcltSe  has  pointed  out  that  this  disappearance  of  the  mgns  of 
current  electricity  in  motor  nerves  at  the  moment  of  action,  when  taken 
into  consideration  with  the  fact  particidarly  indicated  by  Matteuccij  that 
the  state  of  action  in  a  motor  nerve  is  accompanied  by  a  discharge  of 
electricity  analogous  to  that  of  tlie  torpedo,  leads  to  the  supposition  that 
ordinary  muscular  contraction  and  rigor  mortis  may  both  l>e  dependent 
upon  the  ahmnce  of  the  natural  electricity  which  Is  present  in  living 
nerve  and  muscle  during  the  state  of  inaction* 

455.  Although  the  conducting  jxtwer  of  the  Nerves  for  electrical  cur- 
rents is  many  thousand  times  less  than  metallic  threads,  electricity  appear* 
to  be  the  stimulus  which  most  readily  affects  them^  wliatever  may  be  their 
function  \  exciting  not  only  the  various  sensory  nerves,  hut  being  also 
the  most  poweriul  agent  with  which  we  are  acquainted  for  inducing  the 
contraction  of  muscles  when  applied  to  the  motor  nerves  tliat  supply 
tiiem.  The  eflTects  of  electricity  upon  nerves  differ  remarkably  accord- 
ing to  whether  a  continuous  or  an  interrupted  current  is  employed.  A 
continuous  current  passed  across  a  nerve  at  right  angles  occasions  no 
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contraction ;  but  if  it  be  directed  up  or  down  the  nerve,  contraction 
commonly  occurs  at  the  moment  of  closing  and  opening  the  current, 
though  none  during  its  steady  and  uniform  passage.  With  an  interrupted 
current,  on  the  contrary,  the  nerve  being  kept  in  a  constant  state  of 
excitation,  the  muscles  supplied  by  it  pass  into  a  state  of  permanent  or 
tetanic  contraction.  With  a  continuous  current,  contraction  is  observed 
to  take  place,  not  only  at  the  moment  of  closing  and  opening,  but  also 
when  any  sudden  change,  either  of  increase  or  decrease,  occurs  in  the 
intensity  of  the  transmitted  current.  These  phenomena  have  been  ex- 
pressed by  Du  Bois-Reymond  in  the  following  proposition,  which,  whilst 
it  is  especially  applicable  to  the  passage  of  electrical  currents,  yet  holds 
equaUy  for  all  kinds  of  stimuli.  He  states  that  a  motor  nerve  is  not 
excited  by  the  absolute  amount  of  the  intensity  of  the  current,  but  by  the 
variations  of  this  amoimt  from  one  instant  to  another  ;  and  the  excitation 
caused  by  these  changes  is  the  greater  the  more  rapidly  the  changes  take 
place,  or  the  greater  they  are  in  a  given  time. — There  are,  however, 
certain  exceptions  to  this  law,  which  indicate  that  it  does  not  include 
all  the  phenomena  :  thus,  under  certain  circumstances,  tetanic  con- 
vulsions occur  in  the  muscle,  though  the  current  traversing  the  nerve  may 
not  vary  in  intensity ;  and  again,  it  is  well  known  that  the  sensory  nerves, 
and  especially  those  of  special  sense,  are  not  excited  during  the  moment 
of  opening  and  closing  the  current  alone,  but  during  the  whole  time  of 
its  passage.  These  exceptions  were  examined  by  PflUger,  who  found 
that  the  eflfects  produced  in  the  case  of  the  motor  nerves  at  least,  de- 
pended upon  the  strength  of  the  ciirrent,  and  that  if  he  passed  a  succes- 
sion of  constant  currents,  gradually  increasing  in  intensity,  through  a 
nerve,  the  weakest  currents  were  only  capable  of  inducing  contraction  on 
closure ;  but  that  very  soon,  on  slightly  increasing  the  intensity  of  the 
current,  tetanus  occurred,  which  became  more  and  more  strongly  marked 
as  the  intensity  of  the  current  increased  up  to  a  certain  point ;  but  when 
the  strength  of  the  current  exceeded  this,  the  tetanus  again  disappeared, 
and  did  not  recur  even  when  the  strongest  currents  were  passed,  though 
after  a  little  while  it  might  again  be  produced  by  passing  weak  currents 
through  the  nerve. — PHUger's  explanation  of  this  power  of  inducing 
tetanus,  possessed  by  weak  currents,  is  equally  applicable  to  that  produced 
by  chemical,  thermic,  or  mechanical  irritation.  It  is  that  "  the  nerve 
becomes  excited  whenever  any  external  force  changes  its  internal  mole- 
cular constitution  with  a  certain  rapidity,  whilst  a  static  condition  of  the 
nerves  is  never  associated  with  their  excitation."  Consequently,  when 
tetanus  occurs  during  the  passage  of  a  constant  current  through  the 
nerve,  the  molecules  of  the  nerve  are  not  at  rest,  but  in  movement ;  the 
movement  being  essentially  a  process  of  electrolysis,  in  which  the  mole- 
cules or  elementary  particles  of  the  nerve  originally  arranged  as \-  +  — , 

h  +  — ,  become  changed  to v  —  +  ,  —  + h,  in  consequence  of 

one  of  each  pair  of  molecules  turning  half  roimd  upon  itself;  without  this 
change  the  passage  of  the  current  is  not  conceivable,  and  on  its  occurrence 
the  tetanizing  iniiuence  depends.  But  we  may  naturally  ask,  if  this  be 
true,  why  do  currents  of  weak  intensity  alone  produce  Tetanus  7  and  in 
order  to  reply  to  this  question,  it  is  necessary  to  anticipate,  to  some 
extent,  the  observations  made  by  Eckhard  and  Pfluger,  on  the  condition 
of  the  nerve  during  the  passage  of  a  constant  current.     PilUger  lias 
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ascertained  J  hy  means  to  be  siibseqnentlj  deacribed,  that  "vrhon  a  constant 
current  is  tranamitted  through  a  portion  of  neri'e,  wliatever  may  be  the 
strengtli  of  tlio  current,  and  whether  transmitted  centrij>etiiHy  or  centri- 
fiigally,  the  jwrtion  of  nerve  traversed  bj  the  current  di^'ideSj  as  it  were, 
into  two  ifoiiea:  in  one  of  theae,  situated  at  and  near  the  PoHitivc  pole, 
the  excitability  of  the  nerve  is  diminished ;  whilst  in  the  otJier^  aitimted 
at  and  ucar  the  Negative  pole,  the  excitability  h  increased.  The  extent 
of  the  portion  of  nerve  in  which  the  excitability  is  lowered,  or  the  Posi- 
tive zone,  is  small  in  proportion  to  the  weakness  of  the  current;  whilst  the 
Negative  2one^  in  which  the  excitability  is  exalt^d^  is  large  in  proportion 
to  the  weakness  of  the  current ;  so  that  ivith  very  weak  currenta  nearly 
the  whole  len^h  of  the  nerve  is  in  a  state  of  exalted  excitability  whilst 
with  strong  currents  the  intrapolar  portion  of  the  nerve  is  almost 
wliolly  lowered  in  excitability.  Hence  the  tetanus  which  supervenes 
when  weak  currents  pass  tlu*o«gh  the  nerves,  is  due  to  the  electmiytic 
action  induced  by  the  current  acting  as  a  stimulus  to  the  nerve  in  a  state 
of  exalted  excitability ;  whilst  strong  currents  produce  no  tetanus,  although 
the  electrolytic  actions  are  more  energetic,  because  they  act  upon  tlie 
nerve  when  its  excitability  is  lowered.  From  these  considerations  PUiiger 
BUggesta  the  following  modification  of  the  law  of  Du  Bois-He^inondt  ^^*t 
that  *'  although  the  excitation  of  a  nerve  primarily  depends  on  variations 
in  the  intensity  of  the  current  traversing  it,  yet  the  nerve  constantly 
reacts  upon  tlie  current  to  a  certain  amount ;  and  this  reaction  begins  tQ 
occur  with  weak  currents,  increases  witJi  increasing  strength  of  the 
ctirrent,  attains  ita  maximum,  and  finally  with  very  strong  ciarfmi^ 
vanislies.** 

45 S,  During  life^  and  in  the  healthy  state,  the  excitability  of  a  motcir 
nerve  gradually  diminishes  irom  its  origin  to  its  distribution  in  the  muscle, 
ao  that  a  stimolua  of  determinate  intensity  produces  a  more  energetic  con- 
traction of  a  muscle  in  proportion  to  the  distance  from  die  muscle  that  it 
is  applied  to  the  nerve,  or  as  it  is  expressed  by  Pfiiiger,  in  proportion  to 
tlie  length  of  the  myopolar  portion  of  nerve.  Thus  Budge  found  that  to 
produce  the  same  effect,  i.e.  the  same  amount  of  contraction,  it  was  nec^- 
sary  to  apply  a  stimulus  of  more  than  double  the  strength  close  to  a  muscle, 
than  was  requisite  \£  the  stimulus  were  applied  to  ihe  portion  of  nerve  near 
its  origin.  The  quest iou  arises  whetlier  the  nerve  is  itaell'  more  excitable  at 
the  parts  nearer  the  centre,  or  whetlier  the  stimulus  does  not  gain  fort^  in 
its  descent,  and  produce,  like  an  avalanche,  an  effect  greater  in  propor- 
tion to  the  distance  it  has  traversed,  Pfltiger  expresses  himself  decisively 
in  favour  of  the  latter  supposition.  Yet  it  seems  opposed  to  ouror*linary 
notions  of  the  resistance  offered  to  the  passage  of  currents  by  conductors, 
and  the  phenomenon  appears  to  be  more  readily  explicable  on  tlie  supposi- 
tion Uiat  the  structure  of  the  nerve,  and  especially  of  its  sheath,  may  be 
more  delicate  in  those  parts  which  are  more  protected,  and  tliat  it  conas- 
quently  there  more  readily  responds  to  impressions. 

457.  After  death  the  excitability  of  tJie  nerves  dies  out  cen^ifugallj, 
the  part  in  proximity  to  the  muscles  remaining  longest  excitable ;  but 
Rosenthal  has  shown  that  immediately  after  death  the  excitability  of  the 
nerve  is  for  a  short  period  considerably  exalted,  and  that  this  oKaltation  is 
shorter  in  duration  in  proportion  to  the  distance  of  the  portion  of  nerve 
examined  from  the  muBcle^ 
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458.  We  now  come  to  the  consideration  of  the  laws  which  regulate  the 
contraction  of  muscles  when  a  stimulus  is  applied  to  their  nerves.  It 
has  long  been  well  known  that  though  contraction  of  a  muscle  usually 
occurs  at  the  moments  of  opening  and  closing  a  current  of  electricity 
passed  through  the  nerve  supplying  it,  yet  that  this  is  not  constant, 
the  contraction  failing  sometimes  at  the  moment  of  closing,  and  some- 
times at  the  moment  of  opening  the  current.  The  singularity  of  this 
phenomenon  has  attracted  the  attention  of  many  observers;  and  the 
names  of  Ritter  and  Nobili,  Matteucci,  Du  Bois-Reymond,  Eckhard,  and 
PflUger  deserve  especial  mention  for  the  light  which  they  have  thrown 
upon  this  obscure  and  difficult  department  of  physiology.  From  their 
observations  and  from  those  of  many  other  experimenters,  it  is  now 
ascertained  that  the  effects  produced  upon  the  muscle  are  dependent — 
1st,  upon  the  direction  of  the  electrical  current  passed  through  the 
nerve,  whether  centrifugal,  i.e.  from  the  origin  to  the  periphery  of  the 
nerve  (Fig.  95),  or  centripetal,  i.e.  from  the  peri- 
phery towards  the  origin  (Fig.  96) ;  2ndly,  upon  the 
state  of  excitability  of  the  nerve ;  and  3rdly,  upon 
the  strength  of  the  current.  Ritter  and  Nobili,  in 
whose  observations  the  strength  of  the  current  was 
disregarded,  endeavoured  to  show  that  a  definite 
succession  of  results  followed  the  application  of  the 
electrical  stimulus,  according  to  the  direction  and  the 
excitability  of  the  nerve.  Ritter,  operating  on  Frogs, 
the  excitability  of  whose  nerves  departed  more  slowly 
ailer  death  or  excision,  was  able  to  distinguish 
six  stages ;  whilst  Nobili,  operating  in  the  warmer 
climate  of  Italy,  could  distinguish  only  four.  The 
following  tabular  arrangement  taken  from  Funke  will  sliow  the  relations 
of  the  contraction  of  the  muscle  to  the  degree  of  excitability  remaining 
in  the  nerve,  and  to  the  direction  of  the  current : — 

RiTTSB  AND   NOBIU'S  LaW  OF  CoNTBACTION. 

C  indicates  domre  of  the  current;  0  indicates  opening  of  the  current^  or  breaking  contact. 


Grade  of  ExdtabUity 
of  the  Nerve. 

Ascending  or  Centripetal  Current. 

Descending  or  CcntrlAigal 
Current. 

I.  (Ritter)  .     .  } 

C,  Ck)ntraction 

0,  Best 

C,  Best. 

0,  Contraction. 

XI.  (Bitter) .     . 

0,  Contraction 

0,  Slight  Contraction     .    .     . 

C,  Slight  Contraction. 
0,  Contraction. 

(  III.  (Ritter)  .     . 
I    I.  (NobiU).     . 

C,  Contraction 

0,  Contraction 

C,  Contraction. 
0,  Contraction. 

1  IV.  (Uitter) .     . 
I  n.  (NobUi).     . 

p    i  Weak  Contraction  (Ritter) ) 
^'  (  Rest  (Nobili)      ....  1 
0,  Contraction 

C,  Contraction. 

0,  Slight  Contraction. 

J   V.  (Ritter) .     . 
jni.  (Nobili).     . 

C,  Rest 

0,  Contraction 

C,  Contraction. 
0,  Best. 

(  VI.  (Ritter) .     . 
I  IV.  (Nobili)  .     . 

C,  Best 

0,  Best 

C,  Slight  Contraction. 
0,  Best. 
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FrOTO  this  Table  it  19  apparent  that  in  the  Mghest  grade  of  e:^dmbilitf 
of  the  nerve,  the  centripetal  current  induces  contracliou  only  on  closii 
of  the  current,  none  occurring  on  opening  it.  Contraction  on  opening 
the  current  first  happens  in  the  second  stage,  i.e.  when  the  excitabiHty 
of  the  nerve  is  somewhat  diminiahed,  and  tlien  only  weakly.  In  the 
3rd  Btage  of  exdtability  of  Hitter,  the  1st  of  Nobih,  the  vigour  of  the 
opening  and  domng  contraction  is  about  equal.  In  the  4th  grade,  the 
closing  contraction  is  weak,  the  opening  strong.  In  the  5th  stage,  them 
m  no  contraction  on  closure,  but  it  occurs  on  opening  the  current ;  wliilst 
in  the  6th  and  last  stage  no  contTaction  follows  either  the  closnre  or  the 
opening  of  the  current*  For  the  descending  or  centrifu^l  current,  tlie 
phenomena  present  theinaelvee  in  an  inverse  order, — in  the  Ist  orliigheat 
stage  of  excitability,  there  ia  contraction  only  on  opening  the  current — 
then  weak  contraction  on  clasizre,  as  well  as  contraction  on  opening — 
then  contraction  of  equal  atrength  at  both  periods— then  contraction 
at  both  periods,  though  weaker  on  opening  the  current — then  con- 
traction only  on  closure ;  and  finally,  in  which  respect  it  differs  ahghtly 
fii'oni  the  effects  of  die  centripetal  current,  weak  contraction  on  closure  of 
the  current*  From  the  preceding  Table,  the  statement  of  Nobili^  who  only 
experimented  during  the  last  four  stages  of  irritiil>ilitj^,  becomes  int-elligible, 
that  there  is  ossontiaLly  only  one  strong  contraction  for  each  dircctioti  of 
tJie  current ;  an  opening  contraction  being  the  most  marked  with  the 
(^iitripetal  current,  and  a  closing  contraction  witli  the  centrifugtd  current. 
45 &,  Heidenhain*  and  P finger, f  in  following  up  this  train  of  research, 
now  showed  tljat  in  freshly- pre j^ared  nerves,  whose  Excitfibiiiff/  itas  thfvf- 
fom  qf  the  highest  grtide^  the  law  of  contraction  was  dependent  Uix>ri  the 
strength  of  the  current ;  and  the  pheuoraena  have  been  thus  Ibrmularixed 
by  Pfliiger : — 


strength  of  CuireDt, 

DifctrUODOfCutrent, 

C(siiti1pct»l. 

Gimtzilh^ 

W«di  .    .    .    .  } 

O^Eest 1 

C,  CioiitrMtioa, 
0,B«»t. 

Moderate      .     , 

C,  Gontmctioa 

0,  Gontmcttan      .    , 

0,  Contractloa. 

StroDg      -    -     *  ! 

0,  Ccmtractiott      *     . 

0,  Contraction, 

0,  Weak  ContTRetlmu 

Thus  beginning  with  cturents  so  feeble  that  no  contraction  was  indued 
either  on  making  or  on  hreakuig  contact  In  very  excitable  nen^es,  Pfluger 
found  that  on  passing  a  slightly  stronger,  but  still  weak  current,  in  a 
centripetal  direction,  contraction  first  occurred  on  cloBure,  but  none  on 
opening.  With  currents  of  moderate  strength,  contraction  occurs  both  on 
closing  and  opening  the  current ;  and  lastly,  if  the  current  exceed  a  cer- 
tain strength,  no  contraction  occurs  on  closing,  though  it  b  well  marked 

*  Heidtmlmiu,  in  " Archiv  f.  FhjH.  Heilk.,"  1857.  p.  442, 

t  PfliSger,  '^AreliiT  f.  Path.  Anat.,"  bRnd   xUL  j   and  '^Uaterwicliuiigeii  ilber  d. 
Ph jfliol  &gie  d  e«  Kl€<5trotcjn  na^ ' '  Berlin ,  1 86  &- 
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on  opening  the  current.*  If  the  same  experiments  are  repeated  with  the 
oentrifugal  current,  we  obtain  with  the  weakest  current  contraction  on 
closure  alone  (exceptionally  also  on  opening) ;  with  moderately  strong 
currents,  contraction  both  on  opening  and  closure ;  and  with  strong  cur- 
rents, the  closing  contraction  preponderates  with  centrifugal  currents,  and 
the  opening  contraction  with  centripetal.  It  has  been  already  stated  that 
when  an  electrical  current  is  passed  continuously  through  a  portion  of  nerve, 
the  condition  termed  by  Du  Bois-Reymond  *  electrotonus*  is  established,  and 
that  the  portion  oj  nerve  at  and  near  to  the  positive  pole  has  its  excitability 
diminished,  whilst  that  portion  at  and  near  to  the  negative  pole  has  its 
excitability  exalted.  To  the  former  condition  the  term  *  anelectrotonus,' 
and  to  the  latter  the  term  *  cathelectrotonus,*  has  been  applied  by  PflUger. 
If  either  of  these  two  conditions  pass  beyond  a  certain  limit  of  intensity, 
the  nerve  ceases  to  be  able  to  conduct  an  impression.  Now  the  explana- 
tion which  Pfliiger  has  given  of  the  law  of  muscular  contraction  is  based 
on  the  following  facts,  the  truth  of  which  he  has  taken  great  pains  to 
substantiate.  He  lays  it  down  as  a  fundamental  proposition  that  "  a  given 
portion  of  nerve  becomes  excited  by  the  establishment  of  Cathelectrotonus, 
and  by  the  disappearance  of  Anelectrotonus ;  whilst  the  disappearance  of 
Cathelectrotonus,  and  the  supervention  of  Anelectrotonus,  are  of  none 
effect."  In  other  words,  when  a  constant  current  is  transmitted  through 
a  nerve,  the  excitation  produced  by  the  change  in  the  intensity  of  that 
current  does  not  occur  either  on  closing  or  on  opening  the  current  in  all 
parts  of  the  nerve  affected  by  Electrotonus  indifferently,  nor  even  in  all 
points  of  the  intrapolar  portion ;  but  on  closing  the  ciurent  the  excitation 
inducing  contraction  of  the  muscles  originates  exclusively  in  the  neigh- 
bourhood of  the  negative  electrode,  where  the  condition  of  Cathelectrotonus 
is  established ;  and  on  opening  the  current  in  the  neighbourhood  of  the 
positive  electrode,  where  the  condition  of  Anelectrotonus  disappears. 
The  immediate  cause  of  the  excitation  is  in  the  first  instance  the  modifi- 
cation in  the  molecular  arrangement  at  the  Cathode,  which  is  expressed  by 
the  increased  excitability  of  the  nerve  aroimd  that  point.  In  the  second 
instance,  the  cause  of  the  excitation  is  in  the  passage  of  the  nerve  at  the 
Anode  from  the  state  of  Anelectrotonus  into  the  condition  which  it  assumes 
afler  the  opening  of  the  current.  The  tetanizing  influence  of  weak,  constant 
currents  during  their  closure,  is  believed  by  Pfliiger  to  proceed,  like  the 
contraction  on  closure  of  the  current,  from  tiie  cathelectrotonized  portion. 
460.  With  the  aid  of  the  foregoing  theory,  the  law  of  muscular  con- 

*  In  the  recent  essay  of  Valentin  ("Die  Zacknngsgesetze  des  Lebenden  Nerren  nnd 
MnskeU/'  Leipzig,  1863),  it  is  maintained  that  the  chief,  and  perhaps  the  only  law  of 
moscalar  contraction  produced  by  electrical  excitation  of  the  active  and  uninjured  living 
nerve,  is  that  contraction  of  the  muscle  occurs  with  currents  of  moderate  strength  only 
on  closing,  and  not  on  opening,  the  circuit,  no  matter  in  which  direction  the  current 
flows  ;  and  when  other  effects  occur,  they  are  entirely  due  to  injuries  inflicted  on  the 
nerve  in  the  process  of  preparation.  Stronger  currents  modify  this  fundamental  law ; 
they  induce  not*only  opening  but  closing  contractions,  the  former  being  less  strong  and 
energetic  than  the  latter.  Very  strong  currents  (as  with  eight  or  more  Grove's  cells) 
passed  through  uninjured  nerves,  cause  contraction  with  a  descending  current  only  on 
closure,  and  slight  contraction  with  an  ascending  current  on  opening.  Budge  {"  Virchow*8 
Archiv,"  1863,  p.  282),  however,  declares  that,  with  very  strong  currents  (as  from  12 
to  25  drove's  cells),  contraction  occurs  both  on  opening  and  closing  the  current,  which- 
ever way  it  may  be  directed  through  the  nerve.  It  is  plain,  from  these  discrepancies,  that 
all  the  disturbing  causes  have  not  been  ascertuned  or  attended  to,  and  that  further  inves- 
tigation is  needed  before  Pfliiger's  law  can  be  held  to  be  a  correct  expression  of  the  facta. 
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traction,  with  many  of  its  apparent  exceptions,  can  be  explained  in  a 
very  perfect  and  remarkable  manner.  Tlius  it  will  b^  seen,  on  a  reference 
to  the  Table  juat  given,  that  with  weak  inverse,  or  centripetal  ciurenta, 
contraction  on  closing  the  current  occnra,  bnt  none  ay^pcars  when  strong 
currents  are  employed ;  and  the  reason  of  this  is  evident,  since  the  con- 
traction on  cloaiire  is  due  to  the  establiahment  of  Cathelectrotonns,  which 
here  takes  place  above  the  anelectrotonized  portion*  \\Tien  the  cmrent 
ia  feeble,  the  anelectrotonizecl  portion  (whose  excitability  is  lowered) 
propagates  tlie  excitation  descening  from  above,  without  any  diminution ; 
but  if  strong  ciirrcnta  are  employed,  the  portion  of  nerve  in  Anelectro^ 
tonus  la  of  wider  extent ;  and  its  excitability  is  so  far  dlminiahed  ^lat  it 
loses  the  power  of  conduction,  and  is  consequently  nnuble  to  transmit 
the  excitation  which  originates  as  before  at  the  Cathode  on  the  closing 
of  the  current*  Again,  the  contraction  on  opemng  the  centripetal  cnrrent 
first  occurs  when  the  force  of  the  current  is  somewhat  stronger  than  in 
the  former  case,  bnt  subsequently  increases  mtb  the  strength  of  the 
cnrrent.  The  stimuhiB  or  excitation  here  is  the  disappearance  of  Anelec* 
trotonuB,  which  with  centripetal  currents  alTects  the  portion  of  the  nerve 
lying  nearest  to  the  muscle.  Tliat  contraction  occmrs  only  on  the  nse  of 
somewhat  stronger  currents  than  in  the  former  instance,  results  Irom  tlie 
citcnmstance  that  it  proceeds  from  a  lower  part  of  the  nerve^  whose  esccita* 
bihty  is  ninch  less  than  the  more  central  part  on  which  the  excitation  on 
closing  the  cim-ent  ojierates  (^  456) ;  and  it  appears  also  from  hence  that 
the  disappearance  of  Anciectrotonus  is, perse,  a  weaker  stixQulus  than  the 
estabEshment  of  C^thclectrotonus, — The  increase  of  tbe  opening  contrac* 
tion  with  increased  strength  of  current^  is  simply  due  to  the  increase  of 
Anelectrotonus  at  the  lower  pole,  and  the  circnmstance  to  be  hereafter 
pro  veil,  that  after  the  opening  of  the  current  the  portion  of  Nerve  pre- 
viously aflTected  by  Anelectrotonus  passes  immediately  into  a  state  of 
increased  in'itabihty,  Again,  with  descending  or  centrifngal  cnrrenta, 
when  these  arc  weak,  contraction  usually  first  occurs  on  closure,  thongh 
ocscasionaUy  also  on  opening ;  whilst  with  currents  of  increased  intensity 
the  closing  contraction  constantly  preponderates  in  energy  :  tlie  opening 
contrttction  ulthnately  entirely  disiippearing.  The  occurrence  of  the 
closing  contraction  is  clearly  inteUigible,  since  the  stimuJus  on  closure  is 
the  establishment  of  Cathelectrotonns,  which  here  takes  place  in  close 
proxtniity  to  the  mnscle.  That  it  first  occurs  with  currents  of  soniewhat 
greater  force  tliao  the  closing  contraction  of  the  centripetal  current,  is  due 
to  the  circumstance  that  tlie  latter  originates  in  the  higher ^  more  central, 
and  therefore  more  excitable  portion  of  the  nerve  (§  45(>},  As  regards  | 
the  opening  contraction  of  the  centrifugal  current,  the  reason  that  It 
sometimes  occurs  earlier,  sometimes  later,  than  the  closing  contraction, 
jfl,  that  in  one  particular  it  is  at  a  disadvantage,  for  the  vanishing  of 
Aoelectrotonus  is  a  feebler  stimulus  than  the  eetablialiment  of  Catlielectro* 
tonus ;  but,  per  contra,  it  is  advantageously  circumstanced^  inasmncij  aa 
it  aiFects  a  higher  and  therefore  more  excibible  portion  of  the  nerve ;  tlie 
contraction  consequently  occurs  either  on  ojiening  or  on  closing  tlte  cur- 
rent, as  circumstances  fevoiu*  one  or  the  other  of  these  two  conditions* — 
That  the  opening  contraction  with  stronger  currents  diminishes  and  nlti* 
mately  vanishes,  resnlts  from  the  strong  stimulus  produced  at  the  positive 
pole  by  the  disappo^^ice  of  strotig  AJnelectrotonua ;  having,  in  order  to 
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reach  the  muscle,  to  pass  through  the  intrapolar  portion  of  nerve,  and 
that  portion  of  nerve  which,  whilst  the  current  passed,  was  in  a  state  of 
Gathelectrotonus.  But  these  portions  of  nerve  fall  immediately  after  the 
opening  of  the  current  into  a  condition  of  diminished  excitability,  in  which 
they  become  defective  conductors  of  excitation,  as  will  be  hereafter  shown. 
Thus  Pfluger*s  theory  appears  in  all  respects  to  harmonize  with  the  &cts 
ftimished  by  experiment,  and  gives  a  satis&ctory  explanation  of  their 
cause ;  whilst  it  is  of  great  interest  to  know  that  the  researches  of  Bernard, 
Fick,  and  others  have  shown  in  the  most  refined  methods  of  inquiry,  that 
the  iminjured  nerve  of  the  living  animal,  when  tested  with  weak  currents, 
follows  PflUger's  law  of  muscular  contraction,  giving,  in  whichever  direc- 
tion they  are  passed,  contraction  exclusively  on  closing  the  ciirrent. 

461.  We  have  hitherto  been  engaged  in  the  consideration  of  the  reactions 
of  motor  nerves  to  electrical  stimulation,  and  but  little  progress  has  been 
made  in  ascertaining  those  of  the  sensory  nerves,  since  we  have  no  certain 
means  of  determining,  in  experimenting  on  animals  at  least,  whether 
any  impression  is  conveyed  by  a  sensory  nerve  or  not.  That  they  do 
react  is  evident  from  iiie  production  of  sensations  of  pain,  light,  and 
aoimd  when  currents  are  passed  through  the  nerves  usually  convejring 
those  impressions.  P&fT  observed  that  the  closure  of  a  centripetal  cur- 
rent through  the  Optic  Nerve  excited  a  more  intense  sensation  of  light 
than  a  centrifugal  current,  which  is  in  accordance  with  the  law  of  mus- 
cular contraction.  No  explanation,  however,  has  been  offered  of  the 
singular  circumstance  that  during  the  passage  of  a  centripetal  current  the 
colour  is  blue,  whilst  with  centrifugal  it  is  red.  Pfiiiger  maintains  that 
here,  as  in  the  case  of  motor  nerves,  the  effects  produced  are  dependent 
upon  the  force  of  the  current,  except  that,  as  might  be  expected  from  the 
direction  in  which  they  ordinarily  conduct  their  impressions,  there  is  a 
kind  of  inverse  relation  between  them ;  and  he  gives  the  following  experi- 
ment as  a  proof  of  his  statement : — In  a  Frog  poisoned  with  strychnia  he 
removes  the  whole  of  the  thigh  with  the  exception  of  the  Sciatic  Nerve, 
to  which  a  strong  galvanic  current  is  applied.  If  this  be  directed  down- 
wards, on  closure  contraction  occurs  in  the  muscle  supplied  by  the  nerve 
in  the  lower  leg,  but  the  animal  remains  quiet.  On  opening  tiie  current, 
however,  the  muscles  are  at  rest,  but  the  Frog  becomes  violently  con- 
vulsed, indicating  acute  pain  from  the  excitation  of  the  sensory  nerves. 
Inversely,  with  an  upward  current,  the  reflex  convulsive  movements  of 
the  body  from  pain  only  occur  on  closure,  whilst  the  contractions  of  the 
lower  limb  only  occur  on  opening  the  current.  It  is  obvious  that  with  a 
strong  downward  current  no  indication  of  pain  occurs,  because  the 
stimulus  originating  at  the  Cathode,  on  making  contact,  cannot  traverse  the 
anelectrotonized  portion,  though  violent  pain  is  experienced  on  opening 
the  current,  because  the  stimulus  arising  from  liie  disappearance  of 
Anelectrotonus  can  be  easily  transmitted  to  the  sensory  ganglia,  and,  vice 
versdy  with  the  upward  current. 

462.  We  now  pass  to  the  consideration  of  the  changes  which  are 
produced  in  the  irritability  of  the  Nerves  during  the  passing  of  constant 
centripetal  or  centrifugal  currents  of  varying  strength.  It  has  already 
been  stated  that  the  condition  of  the  nerve  at  the  Anode  is  one  of 
depressed  excitability,  termed  by  Pfluger  Anelectrotonus,  and  at  the 
Cathode  of  exalted  excitability,  termed  Cathelectrotonus.      These  con- 
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ditiouB  extend  to  a  certain  distance  above  and  behw  the  Ne^tive  and 
Positive  pole  respectively,  or  as  it  maj  perhaps  be  better  expressed, 
before  and  behind  tlie  poles.  The  Electrotonua  which  ia  established  in  the 
estrapoUiT  portion  of  nerve  at  the  Anode,  or  tJio  Cathode,  as  the  case 
may  he,  is  deaigrmted  Centripetal  If  it  propagates  itielf  from  either  j*ole 
towards  the  central  end  of  tho  nerve ;  whilat  it  is  termed  Centrifiigal  when 
it  propagates  itself  towards  the  muscle*  Moreover,  the  Anelectrotonus 
and  the  Cathelectronus  both  involve  a  certain  extent  of  the  intrapolar 
portion  of  the  nerve,  so  that  the  two  zones  of  increased  and  decresAed 
irritability  al>ut  upon  one  another  in  the  intrapc^lar  portion.  The 
diminution  and  increase  of  irritability  vary  much  in  degree,  and 
in  tlie  extent  of  the  intra*  and  extra]xjliir  portions  of  the  oerv© 
respectively  that  they  involve,  according — ^1,  to  the  force  of  the  con- 
stant current  tranamitted  throngh  the  nerve ;  2,  to  tlie  length  of  the 
portion  of  nerve  it  traverser,  that  ia,  to  the  length  of  the  intrapolar  por- 
tion of  the  nerve ;  3,  to  tlie  distance  of  the  portion  of  the  nerve  from 
tho  electrodes,  the  irritability  of  which  is  under  examination ;  and  kstly, 
i,  to  the  diiration  of  the  passage  of  the  ctarrenL  The  fallowing  dtagmm 
will  render  tlie  efFecta  of  variations  in  the  force  of  the  current^  and  the  di»- 
tiince  of  the  portion  of  nerve  examined  from  the  electrodes,  intelligible: — 


If  a  current  be  passed  from  A  to  ji,  eitlier  up  or  down  the  nerve,  and  the 
excitability  of  all  parts  of  tlie  nerve  be  examined^ — 1,  when  the  current  ia 
weak ;  2,  when  it  ia  of  moderate  strengtli,  and  3,  when  it  is  strong— varia- 
tions in  the  degree  of  excitability  will  be  found  to  be  present,  whSdi  may 
be  represented  by  the  three  curves,  a  t^  c,  d  e  J\  tj  h  r,  corresponding  to  the 
weak,  moderate,  and  strong  currents  respectively.  Il"  we  examine  tlie 
curve  a  b  c,  indicating  the  modification  of  excitability  existing  with  wiak 
enirentfi,  it  ia  apparent  that  there  is  a  atate  of  depressed  excitability  in 
the  portion  ci  ^,  shown  by  this  portion  of  the  curve  being  below  the  line  of 
the  nerve,  and  a  state  of  increased  excitability  in  the  ix)rtion  b  c,  whicli  is 
shown  by  the  curve  being  situated  above  the  line.  The  point  h^  at  winch 
the  curved  line  a  h  c  cuts  the  line,  is  the  point  of  indifference  which  sepa* 
rates  thej:onos  of  Cathclectrotonus  and  of  Anelectrotonns  from  one  anotlier. 
The  form  of  the  curve  abows  that  from  this  point  of  indifference  towards 
the  Cathode,  the  positive  phase,  and  towards  the  Anode,  the  negative 
phase  of  electrotonus,  gradually  rises  in  intensity,  attains  its  maximum  in 
the  Immediate  neighliourhood  of  the  two  poles,  then  diminishes,  and 
soon  sinks  to  xero^  Thus  in  tlie  eMra}mhtr  portion  die  condition  of 
exalted  cxcitJibility  diminishes  on  tlie  one  aide,  and  tiie  condition  of  de* 
pressed  excitability  diminishes  on  the  other,  in  proportion  t*D  the  distance 
from  the  Cathode  and  from  the  Anode  respectively,  Moreover,  the 
curve  gives  an  indication  of  the  vmy  imef|UaJ  extent  to  which  the  tittnt- 
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polar  portion  is  aflEected  by  the  conditions  of  Cathelectrotonus  and 
Anelectrotonus  when  weak  currents  are  passed,  the  point  of  indifference 
b  lying  much  nearer  to  the  Anode  than  to  the  Cathode ;  so  that  nearly 
the  whole  of  the  intrapolar  portion  of  the  nerve,  with  the  exception  of  a 
small  piece  near  the  Anode,  is  in  a  state  of  exalted  sensibility,  which  has 
been  already  referred-to,  when  the  tetanizing  influence  of  Vfeaik  currents 
was  discussed.  Again,  in  reference  to  the  curve  d  ef,  it  will  be  seen  that 
whilst  preserving  the  general  form  of  the  curve  a  b  c,  it  involves  a  larger 
portion  of  the  nerve ;  and  that  the  increase  and  decrease  of  excitability 
are  greater  in  degree  as  marked  by  the  height  and  depth  of  the  curve 
above  and  below  the  line,  whilst  the  point  of  indifference  occupies  a 
different  position.  Thus  it  appears  that  somewhat  stronger  currents 
affect,  as  we  should  anticipate,  a  larger  extent  of  the  nerve  beyond  the 
electrodes,  and  at  the  same  time  augment  the  irritability  at  the  Cathode, 
and  depress  it  at  the  Anode  to  a  greater  amount ;  whilst  the  position  of 
the  point  of  indifference  shows  tiiat  the  intrapolar  portion  of  nerve  is, 
with  moderately-strong  currents,  equally  divided  between  the  zones  of 
Anelectrotonus  and  Cathelectrotonus.  Lastly,  the  curve  g  h  t,  indicating 
the  effects  of  the  transmission  of  powerful  currents,  shows  that  the  in- 
crease of  excitability  at  the  Cathode,  and  its  decrease  at  the  Anode,  are 
still  more  strongly  developed,  and  that  the  extent  of  the  extrapolar 
portion  of  nerve  affected  is  stiU  greater,  whilst  the  point  of  indifference  is 
stiU  further  transposed  towards  the  Cathode  ;  so  that,  in  this  respect,  the 
opposite  effect  is  obtained  to  that  which  is  produced  by  the  passage  of 
weak  constant  currents ;  and  ultimately  it  has  been  found  by  Pfliiger, 
that  with  very  powerful  currents  indeed,  the  whole  of  the  intrapolar 
portion  of  nerve  is  in  a  state  of  depressed  irritability. 

463.  Simple  and  intelligible  as  these  conditions  appear,  after  the  inge- 
nious explanations  of  Pfliiger  have  been  fully  comprehended,  many  pheno- 
mena present  themselves,  requiring  much  thought  and  patient  investi- 
gation before  they  can  be  shown  to  be  in  accordance  with  and  merely 
resultants  of  them  :  only  one  or  two  of  them  can  here  be  considered, 
amongst  which  are — 1.  The  change  in  the  excitability  of  the  nerve  before 
and  behind  the  ascending  or  centripetal  current,  or  the  condition  of 
extrapolar  centripetal  Cathelectrotonus  and  extrapolar  centrifiigal  An- 
electrotonus. The  evidence  of  the  existence  of  extrapolar  centripetal 
Cathelectrotonus,  or  of  increased  excitability  of  the  nerve  before  (centrad) 
of  the  centripetal  current — that  is,  between  the  Cathode  and  the  centric 
extremity  of  the  nerve — is  only  possible  when  very  weak  currents  are 
employed.      Its  relations  are  shown  in  the  following  diagram  : — 

Fio.  98. 
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C  c  are  the  polee  of  a  weak  constant  current  callable  of  being  mfinitelj 
Taried  in  intensity  at  will,  and  directed  centripetallyj  i.e.  from  the  miiacle 
towards  the  origin  of  tLe  nerve.  In  order  to  test  the  change  in  the  ejcci- 
tability  of  anj  antecedent  portion  of  the  nerve^  as  d,  before  and  after  the 
cloauje  of  tlie  constant  current,  &uj  stimuluf^  of  known  afid  dednite 
strength,  chemical^  mechanical^  or  electrical,  may  be  applied  at  d  before 
and  aft^r  auch  closure,  and  the  degree  of  contraction  of  the  muscle,  mea- 
sured by  a  myogjaphion,  will  indicate  the  increased  or  diminiiihed  excita- 
bility of  the  nerve  at  that  point.  Practically,  the  instantaneous  shock  of 
an  itLflitctioH  appm^atus  In  found  to  be  the  moat  convenient^  since  it  also 
admits  of  infinite  %^ariation  in  intensity^  It  is  termed  the  atimulating  or 
exciting  current,  and  its  poles  are  therefore  applied  on  either  side  of  <l,  at 
n  R,  The  exciting  current,  R  R,  is  directed  iJi  the  opposite  direction  to 
the  polarizing  one,  c  c,  because  its  action  as  a  stimulus  is  thereby  virtu- 
ally weakened ;  consequently,  if  it  produce  a  greater  effect  after  thnn  be- 
fore the  closure  of  the  constant  current,  it  proves  that  the  excitability  of 
the  extrapobir  central  portion  must  be  greatly  increased, — The  weakest 
currents  employed  by  Pflliger  were  not  stronger  than  tJje  normal  current 
in  a  portion  of  the  nerve  itself;  bo  that  instead  of  the  constatit  current,  a 
portion  of  the  Sciatic  nerve  of  another  Irog  m^ight  be  applied  to  the  trans- 
verse section,  representing  the  —  pole  of  c,  and  a  point  of  the  longitudiDaS 
section  representing  +  c.  In  order,  then,  to  ascertain  the  condition  of 
excitability  at  d^  after  closure  of  the  constant  current,  it  is  neoeasary,  first, 
to  determine*  before  its  closure^  the  minimum  strength  of  the  exciting 
current  J  b  r,  which  will  give  a  just  perceptible  trace  of  contraction  on 
closure,  a  tracing  of  which  is  taken  on  the  myograpMon;  the  constant  cur- 
rent is  then  closed,  the  same  stimulus  applied  at  ti  n^  and  a  second  tracing 
taken,  when  it  w-iO  be  found  tliat,  witliout  exception,  the  amoimt  of  con- 
traction exhibited  by  the  second  tracing  is  greater  than  that  of  the  first, 
allowing  that  the  same  stimulus  produced  a  greater  effect ;  or,  in  other 
words,  that  the  nerve  was  more  excitable.  The  same  effect  may  be  ahown 
by  chemical  meana  (Eckliard),  as  by  tlie  application  of  a  drop  of  a  solution 
of  common  salt,  before  and  hHqt  the  closure  of  the  constant  cnrrent ;  in 
the  former  instiuice  (before  closiu*e)  a  conaderable  interval  elapses  before 
the  tetantzing  influence  of  the  solution  supervenes  ;  in  the  Jattcr  (after 
dosuro)  it  occurs  directly*  That  the  tetanizing  influenco  is  not  dependent 
upon  tlie  constant  current  alone,  is  shown  by  applying  it  before  penuiltmg 
the  contact  of  the  saline  sohiiion  with  the  nerve,  or  by  inverting  the  direc- 
tion of  the  current  after  contact  with  the  sohttion,  when  the  tetanus  will 
disappear  t  though,  if  it  were  dependent  upon  the  current  alone,  it  ought 
to  rise  in  intensity  in  the  latter  case,  since,  as  we  have  already  seen,  the 
centriftigal  direction  iw  with  weak  currents  the  moat  fai'ourable  for  the 
tetanizing  infiuence. — If,  instead  of  eniploying  very  weak  constant  currents, 
tliose  of  moderate  strength  be  applied,  a  gradual  increase  in  the  excita- 
bility of  the  extrapolar  portion  of  the  ner^^e  becomes  appitrent,  until  a 
max  in  nun  is  attained ;  that  is,  until  a  stimulus  applied  at  d^  which  before 
closure  produced  a  minimum,  aller  closure  produces  a  maximum  con* 
traction  of  tlie  muscle.  But,  if  we  still  continue  to  increase  the  strength 
of  the  constiint  cmTent  at  c  c,  a  point  is  ultimately  attained  at  which  the 
portion  of  nerve  a0ected  with  cxtjapolar  centripetal  electrotonus  is  no 
longer  increased,  but  is  actually  dinnnished ;  so  that  the  same  stimulus 
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applied  after  closure  produces  less  contraction  than  when  applied  before, 
or  may  even  become  absolutely  inoperative. — We  see,  then,  that  the  force 
of  the  current  is  of  great  importance  in  influencing  the  condition  of  exci- 
tability in  the  extrapolar  portion  of  the  nerve,  but  it  is  not  the  only  cir- 
cumstance afiEecting  it :  it  depends  also,  in  part,  upon  the  distance  of  the 
part  of  the  nerve  whose  excitability  is  examined,  from  the  electrodes 
of  the  constant  current,  as  is  shown  in  Fig.  97 ;  whence  it  is  apparent  that 
the  increase  in  the  excitability  is  greater  in  proportion  to  the  proximity 
of  the  part  examined  to  the  electrode,  whilst  at  a  certain  distance  from 
it  it  sinks  to  zero,  the  distance  of  the  zero  point  again  being  in  proportion 
to  the  intensity  of  the  Cathelectrotonus,  or  to  the  strength  of  the  current. 
464.  There  is  one  other  circimistance  affecting  die  excitability  of 
the  nerve,  namely,  the  length  of  the  intrapolar  portion ;  and  PflUger's 
experiments  have  shown  that,  though  there  are  apparent  exceptions  with 
strong  currents,  the  causes  of  which  he  has  &irly  explained,  the  rule  holds 
good,  that  for  currents  of  all  grades  of  intensity,  with  increasing  length  of 
Sie  intrapolar  portion  of  nerve,  the  excitability  of  the  portion  of  nerve 
situated  before  (centrad)  the  centripetal  current  increases.  As  regards 
time,  the  state  of  increased  excitability  always  attains  its  full  intensity 
with  great  rapidity.  Centrifugal  extrapolar  Anelectrotonus  is  the  term 
employed  by  PflUger  to  indicate  the  condition  of  the  excitability  behind 
the  ascending  or  centripetal  current,  and  therefore  of  the  portion  of  nerve 
lying  between  the  anode  and  the  muscle.  The  following  diagram  will 
assist  in  rendering  it  intelligible : — 

Fia.  99. 


c  c  are  the  electrodes  of  the  constant  centripetal  current,  R  R  those 
of  the  exciting  current ;  and  the  current  in  the  latter  is  passed  in  the 
same  direction  as  the  polarizing,  which  tends  rather  to  produce  an 
increased  condition  of  excitability  in  that  portion  of  the  nerve,  and 
d  fortiori^  renders  any  observed  diminution  the  more  remarkable. 
The  results  of  PflUger's  experiments  on  this  myopolar  portion  of  the 
nerve  may  be  thus  summarily  stated: — The  excitability  of  the  por- 
tion of  nerve  lying  behind  the  centripetal  current  shows  itself  under  all 
circimistances,  and  with  currents  of  all  degrees  of  intensity,  to  be  dimi- 
nished. This  diminution  constantly  increases  with  increased  strength  of 
the  current,  and  extends  ferther  and  farther  from  the  anode  towards  the 
muscle,  decreasing,  however,  as  the  muscle  is  approximated,  till  it  falls  to 
zero ;  so  that,  as  iJie  figure  shows,  whilst  b  c  indicates  the  line  of  normal 
excitability,  supposed  for  the  sake  of  simplicity  to  be  equal  throughout 
the  whole  length  of  the  nerve,  fee  indicates  the  curve  of  diminished  ex- 
citability in  the  myopolar  portion  of  nerve,  the  amount  of  diminution 
being  greatest  in  the  immediate  neighbourhood  of  the  anode,  as  at/,  being 
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lees  marked  at  e,  aixd  the  excitability  riaing  to  ita  ordinary  amount  at  c. 
— Moreover,  this  AnelectrotoDus  always  increases  witL  all  strengths  of  the 
uiirrent,  with  the  length  of  the  iutrapolar  portion.  As  regards  time,  it 
appears  to  attain  its  maximum  of  development  very  alowly  after  closure 
of  the  constant  current,  extends  very  gradually  over  the  |»ortion  of  nerve 
iitfected  by  it,  and  gradually  again  decreiises. — Extrapolar  Centrifugal 
Cathelectrotonus  (ahown  in  Fig,  1 00)  requires,  after  the  fiiU  considoratioii 

Fio,  lOQp  , 


that  has  been  beitowed  upon  the  two  former  conditions,  but  few  words  of] 
explanation.  It  is  the  state  of  inerexuged  excitability  which  occurs  before 
a  descending  or  centriiugal  couBtaiit  current.  It  increases  in  intensity  with 
the  increase  of  the  strength  of  the  polarizing  current,  and  with  tlie  lengtli 
of  the  intrapolar  portion  of  nerve,  dim  ini  shea  aa  we  recede  from  the 
cathode  towards  the  muscle,  and  at  a  certain  distance,  which  is  the  more 
remote  the  stronger  the  current,  becomes  reduc^jd  to  aero ;  it  appears  also  | 
to  bo  developed  immediately  aJler  tlie  closure  of  the  current, — ^Lastly,  as 
regards  the  condition  of  excitability  in  Centripetal  Extrapolar  Andectro- 
tonus,  it  is  diminished  (aa  shown  in  the  following  diagram)  in  a  manner 

Flo.  101. 


80  completely  concordant  with  the  previons  laws,  that  no  special  descrip- 
tion appears  to  be  required.  The  influence  of  centripetal  or  inverse  cur- 
rents in  preserving  the  irritability  of  motor  nerves^  and  of  direct  or  centri- 
fugid  eiirronta  in  destroying  their  irritability,  is  very  remark Jible.  By  the 
jia^jige  of  an  inverse  current,  it  is  even  possible  to  resttire  the  irritability 
of  a  nerve  which  has  been  completely  paralysed  or  rendered  incapable  of 
conducting  stimuli  by  tJie  passage  of  a  direct  current. 

4(i5*  The  exphtnation  oJ'  tlie  phenomena  of  the  electrotonic  utabe,  and 
of  the  condition  of  increased  and  diminished  excitability  oi  the  nerve  in 
the  neighbourhood  of  the  negatiTe  and  po^tive  poles  respectively,  givcm 
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by  Dr.  Eadcliffe,*  is  so  ingenious,  that  it  cannot  here  be  paased-over  in 
silence.  He  observes  that  under  ordinary  circumstances  the  exterior  of  the 
nerve  is  electrified  positively,  but  that  when  the  poles  of  a  galvanic  battery 
are  applied  to  it,  the  surface  of  the  nerve  at  and  near  the  positive  pole  is 
charged  with  positive  electricity,  and  that  near  the  negative  po]e  with 
negative  electricity  :  the  natural  electricity  of  the  former  is  consequently 
increased,  since  it  is  natural  to  suppose  that  the  addition  of  positive  elec- 
tricity to  the  coating  of  the  nerve  vol!  induce  a  corresponding  increase  in 
the  negative  electricity  of  the  core  of  the  nerve.  At  the  negative  pole 
the  opposite  conditions  obtain.  "  This  state  of  diminution  and  augmen- 
tation is  what  is  spoken  of  by  M.  du  Bois-Heymond  as  the  electrotonic 
state."  But,  according  to  Radcliffe,  with  the  presence,  and,  a  fortiori, 
with  the  increase  of  electricity,  the  state  of  inaction  of  nerve  and  muscle 
concurs ;  whilst  with  the  absence  or  decrease  of  natural  electrical  tension, 
action  takes  place.  The  reason,  therefore,  that  when  a  centrifugal  current 
is  passed  through  a  motor  nerve,  the  portion  adjoining  the  muscle  is  tem- 
porarily increased  in  irritability,  as  shown  in  §  460,  is  simply  that  its  elec- 
trical tension  is  diminished.  If,  however,  such  a  current  is  passed  for  any 
length  of  time  (as  20  minutes)  the  irritability  of  the  nerve,  together  with 
all  traces  of  electrical  tension,  die  out.  If,  on  the  contrary,  a  centripetal 
current  be  transmitted  through  a  nerve,  tiie  irritability  of  the  myopolar 
portion  is  diminished  or  suspended,  no  contraction  occurring  when  the 
nerve  is  pricked  or  pinched.  Such  a  current  may  be  passed  for  hours, 
and  yet  at  the  expiration  of  that  time  the  irritability  of  the  nerve  after 
the  opening  of  the  current  may  again  be  resumed,  for  its  natural  electrical 
relations  have  been  kept  up  and  even  rendered  more  marked  throughout 
the  whole  period  of  the  passage  of  such  a  current. 

[In  drawing  up  the  foregoing  sections  on  the  Electromotor  properties  of 
the  Nerves,  the  Editor  begs  to  acknowledge  his  great  obligation  to  the  ex- 
cellent chapter  on  this  subject  in  Funke's  "  Physiology,"  4th  edit.  1863, 
in  which  a  very  complete  digest  of  the  immense  mass  of  literature  which 
has  accumulated  during  the  last  ten  years,  upon  the  electrical  relations  of 
the  nervous  system,  will  be  foimd.  A  very  interesting  accoimt  of 
Pfluger's  experiments  and  theory  is  contained  in  the  "  Med.-Chir.  Rev." 
vol.  ii.  1862,  p.  1.  For  a  good  resume  oi  Eckhard's  experiments  and 
mode  of  testing  the  irritability  of  nerves  during  and  after  the  passage  of 
centripetal  and  centrifugal  currents  (which  will  be  found  to  agree  in  aU 
essential  particulars  with  tliat  here  given),  together  with  the  application 
of  these  phenomena  to  the  pathology  of  Epilepsy  and  other  convulsive  dis- 
eases, the  reader  is  referred  to  the  remarkable  "  Lectures"  recently  pub- 
lished by  Dr.  RadcHffe  (1864).] 

2.  Of  the  Spinal  Cord  and  Medulla  Oblongata ; — their  Structure 
and  Actions. 

466.  In  our  more  detailed  consideration  of  the  functions  of  the  several 
divisions  of  the  Nervous  System,  it  is  desirable,  for  several  reasons,  to 
commence  with  the  Cranio- Spinal  Axis ;  which,  as  already  jiointed-out, 
may  be  considered  as  constituting  the  fundamental  portion  of  this 
apparatus.     The  entire  Axis  is  divided  into  its  Cranial  and  its  Spinal 

*  "  Lectures  on  Certain  DiBorders  of  the  Nervous  System,"  &c.,  1864,  p.  60. 
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portioDST  tlie  paasage  of  the  Cord  tlu'oiigli  tlie  *  foramen  magnum^  of  tlie 
occipital  bone  Ixdiig  coDsidered  to  mark  the  boundary  between  them  ;  and 
although  the  ieparation  of  the  Medulla  Spinalis  fi'om  the  Medulla  Oblon^ 
gata^  which  13  thus  established,  ia  in  itself  purely  artificial,  yet  it  will  be 
found  to  correspond  completely  with  the  natural  diFiaiou  founded  on 
tlieir  respective  physiological  attributes, 

467.  Tlie  xSpmal  Cord^*  which  extends  from  the  margin  of  the  foramen 
nifignum  to  tJie  first  or  second  lumbar  vertebra,  and  which  is  prolonged  as 
the,///«7Ji  termmalt\  to  the  extreniity  of  the  sacrsd  eanal,  is  almost  oom- 
pletely  divided  by  the  anterior  and  posterior  median  JUmres  (Fig,  102,  a,  /*), 

FiQ.  102, 


TruHT«!r»  BBotton  u^  Spinal  Cbrd,ihT{m^h  tbfi  middle  of  the  lumbar  ctk^DTErcTiieDtisliawiudF 
(m  tho  rifht  iidothe  course  of  tho  noTTc-root*.  and  on  thp  lefl  the  [ntpition  t>f  the  prindftu 
tnu^ti  of  Te^itiuUi-  mskiUT  :—a,  a,  tLatttiar  colimida^  r,  :e,  poflti^rit^r  in)lunin«^  l,  l.  liit^r«J 
qoIqidiu;  d,  uikirior  tnudlau  ftware  j  pj  pcwtKrior  medlKn  fbaore;  If,  ^,  b,  L,  m^tnTwr  toots  ot 
ipin^  DAfVUij  ir,  f,  |KiiBt«iiot-root«i  tf, /.  tnett  of  v^caLni'  luatter  In  aut^riur  ^UDitit  *t 
timotf  of  ToiiffiLLiiir  nrntter  La  poitenor  coiuma;  /,  xptnil  oolunm )  g,  tubttMit\&  goktb^Offt. 

Into  two  lateral  and  symmetrical  halves.  The  '  anterior  median  fiasure* 
(rjf)  ia  more  distinct  than  the  posterior,  being  wider  at  the  euilace ;  but 
it  only  penetrates  to  about  oue-tbird  of  the  thickness  of  tJie  Cord^  its 
depth  increasing,  however,  towards  its  lower  part.  The  sides  of  the 
*  posterior  median  fissure*  (p)^  on  the  other  hand,  are  in  closer  approxi- 
mation ;  but  the  diviaion  commonly  extends  to  about  half  the  thickness 

•  The  flketch  gireo  id  lb*  teit  of  the  Aaatoniy  af  the  Spinal  Cord,  U  cbieflj  <3€ rived 
from  the  stnt^metite  of  Prof.  Kblliker^  iti  kh  ''Mikroskopisehe  AnntQniie''  (band  iL 
M  11  &.  n^)i  a.nd  of  Mr.  J.  L.  Clarke iu  tlie  * ' Fhiio«opiilc&l  TraiiBa(rtioii%''  1851,  1S53» 
ud  lS5d, 

+  The  itructure  of  the  *  filuro  terroifiale*  is  In  every  respect  easeotially  the  fc4ine  an 
tb&b  of  the  pru|)er  Spinal  Dordi  ^re  thnt  do  nerve^nmta  »re  connected  with  it. 
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of  the  cord,  being  deeper  towards  its  upper  than  towards  its  lower  end. 
The  two  halves,  therefore,  are  only  united  by  a  commissural  band,  which 
occupies  the  central  part  of  the  cord;  and  this  is  traversed  by  the 
'Spinal  canal'  (/),  which  is  continued  downwards  from  the  fourth 
ventricle,  is  about  1- 100th  of  an  inch  in  diameter,  and  according  to 
Mr.  Lockhart  Clarke,  is  lined  with  a  layer  of  columnar  ciliated  cells, 
whose  attached  extremities  taper  into  delicate  fibres,  becoming  continuous 
with  the  fibres  of  the  connective  tissue  of  the  white  columns. — ^At  a  little 
distance  from  either  side  of  the  posterior  median  fissure,  and  corresponding 
with  the  line  of  attachment  of  the  posterior  roots  of  the  nerves,  is  the 
posterior  lateral  furrow ;  a  shallow  longitudinal  depression,  which 
marks-out  the  '  posterior  columns'  of  the  Cord  (p,  p)  as  distinct  from  the 

*  antero-lateral  columns.'  A  corresponding  furrow  has  been  sometimes 
described  as  traversing  the  Cord  in  the  line  of  the  anterior  roots  of  the 
nerves  on  either  side ;  but  this  can  scarcely  be  said  to  have  a  real  exist- 
ence; and   the   separation   of  the    *  antero-lateral    columns'    into    the 

*  anterior'  and  the  *  lateral'  columns  (a  a  and  L  l)  is  only  marked  ex- 
ternally by  the  attachment  of  the  nerve-roots.  It  is  made  more  obvious 
internally,  however,  by  the  peculiar  distribution  of  the  grey  matter; 
which,  though  by  no  means  imiform  throughout  the  Cord,  usually  pre- 
sents (in  a  transverse  section)  the  form  of  two  somewhat  crescent-^aped 
masses,  whose  convexities  are  turned  towards  each  other,  and  are  con- 
nected by  the  grey  commissure,  whilst  their  cornua  are  directed  towards 
the  surfiice  of  the  cord ;  the  posterior  peak  on  each  side  nearly  reaches  the 
posterior  lateral  furrow,  whilst  the  anterior,  though  the  larger  comu,  does 
not  approach  quite  so  near  the  surface.  The  grey  matter  is  enveloped  by 
the  white  substance  of  the  columns,  which  are  entirely  composed  of  nerve- 
tubes,  whose  general  direction  is  longitudinal. — The  Spinal  Cord  of  Man 
is  by  no  means  of  uniform  dimensions  in  every  part  of  its  length ;  and 
the  proportions  which  the  grey  and  white  substances  bear  to  one  another 
in  different  parts,  are  extremely  diverse.  Two  principal  enlargements  are 
seen  in  the  cervical  and  lumbar  regions,  at  the  origins  of  the  large  nerves 
forming  the  brachial  and  crural  plexuses;  and  these  enlargements  are 
chiefly  due  to  an  increase  of  the  grey  substance,  which  is  comparatively 
deficient  in  the  intervals.  On  the  other  hand,  there  is  a  regularly- 
progressive  increase  in  the  white  substance,  as  we  proceed  from  the  lower 
to  the  higher  portion  of  the  cord  ;  and  this  fact  of  itself  serves  to  indi- 
cate the  probability,  tliat  the  longitudinal  columns  serve  (as  formerly 
supposed)  to  establish  a  direct  connection  between  the  Encephalic  centres 
and  the  roots  of  the  Spinal  nerves. 

468.  The  grey  matter  or  vesicular  substance  of  the  Spinal  Cord,  which  is 
best  seen  in  transverse  section  (Figs.  102  and  103),  is  by  no  means  uniform 
in  its  texture  throughout.  Its  anterior  cornua,  which  are  thicker  and 
shorter  than  the  posterior,  are  of  a  uniform  grey  colour ;  and  they  con- 
sist of  large  weU-developed  nerve-cells  (d,  Fig.  102,  and  /,Fig.  103),  which 
usually  present  many  radiating  processes  that  seem  to  inosculate  together, 
with  delicate  nerve-fibres  of  medium  fineness  passing  in  various  direc- 
tions between  them.  The  central  portion,  which  contains  the  canal,  and 
which  also  forms  the  commissure,  has  a  similar  composition ;  but  the 
cells  are  smaller,  though  still  having  long  branching  radiations ;  and  the 
fibres  are  extremely  fine,  their  tubularity  being  often  indistinguishable. 
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The  anterior  portion  of  the  comraiasureT  however  (»,  Fig.  103),  is  purely 
fibrous^  and  ia  distinguished  by  some  as  the  '  white  commiaaure;*  it  does 
not»  however,  form  an  immediate  connection  between  the  two  anterior 
coliiniTiSj  but  brings  each  of  thenij  as  will  be  presently  seen,  into  relation 
with  tlie  vesicular  matter  of  the  anterior  comu  of  the  oppoBite  sJde. 

Tli  e  pos  teri  or  cornua  ( Fig,  1 0  3 , 5/  A  (; ) , 
longer  and  narrower  than  the  anterior, 
are  divided  by  ]Mr.  Lockharfc  Clarke 
into  two  ports,  the  Caput  and  the 
CervLK  Comu.  The  Caput  Cornu  (tj 
A)p  or  buJbooa  extremity  of  the  horn, 
conaists  of  an  outer  and  compnia* 
tively  transimrent  gdatinoui  pordou 
(</),  and  of  an  inner  and  more  opaque 
portion  (A).  The  former  contaiins 
nerve-cells  of  Yarious  shape  and  sijie, 
often  niulticaudatei  the  cautlate  pro- 
longations  being  continuoua  with 
nerve-tubules  of  small  average  mxe 
(varying  from  1 -5000th  to  1 -20,000th 
of  an  inch),  running  transversely,  Ion- 
gi  t  n  d  i  1 1  itUy ,  and  ob  liquely .  Mi  nglod 
with  them  arc  blood-vessels,  and  pro- 
bably some  connective  tissue.  The 
inner  or  anterior  portion  of  the 
Caput  also  contains  longitudinal  fibrea,  to  which  its  opacity  is  chiefly 
due  ;  transverse  fibres  which  are  contmuous  with  the  posterior  roote  of 
the  nerves  and  witli  the  longitudinal  column  of  the  cord,  and  cells 
which  are  for  the  most  fiart  of  small  size.*  A  remarkable  colnmn 
of  ganglionic  cells  constituting  the  inner  and  anterior  part  of  the.  Cervix 
cornu  (J)  has  been  described  by  Mr.  Clarke  under  the  term  of  the  pos- 
terior Teei  cuJar  colu  mn.  Th  e  point  of  j  unctio  n  of  the  anteri  or  and  poeterl  or 
comim  (k)  iff  termed  by  the  same  ohserver  the  tractus  intermedio-kterallfl. 
It  extends  from  the  upper  roots  of  the  eighth  cei'vieal  nerves  to  the  lowest 
part  of  the  dorsal  region,  but  is  most  prominent  about  the  first  and 
second  dorsal  nerves.  The  posterior  vesicular  columns,  on  the  other 
handi  are  largest  at  the  lowest  part  of  the  dorsal  region, 

469.  The  connection  of  the  Nerve-roots  of  the  Spinal  Nerves  with  the 
several  components  of  the  Cord,  and  the  coiu^se  of  the  fibres  after  entering 
itf  may  be  niade-out  partly  by  means  of  sect  whs  ^  and  j  tartly  by  following 
tlje  course  of  individual  fibres  by  ordinary  microseopieal  dissection.f  The 
following  is  an  outline  of  the  information  which  may  thus  be  gained  from 
&  eomparison  of  transverse  and  longitudinal  sections  (Fig,  102  et  setj).—^ 
The  bundles  that  form  the  Posterior  roots  (Fig-  102,  f,  c ;  Fig,  104,  f,  p,  r) 
consist  of  three  kinds,  which  dlfier  from  each  otlier  partly  in  direction,  and 
partly  in  the  si^ee  of  their  component  filaments.    The  JiVs/ kind,  Fig.  104, 


Truuverse  ftcctloD  df  the  gnej  trabBtaniee  af 
the'  MnwniH  Spijtiii  Ctmi  at  the  Level  of  the  drst 
dcirsiil  Ni<rY«fl  i— ^,  f(ii\ut\fi<m^  iubHtftnL*«  af 
Cflj^ut  Cornu  J  A,  oarlc  interior  of  Caput  Comn ; 
j,  i'omi.  Cornu,  cutittunin^^  J,  Iha  fHHiQvior 
v«iiimiBLr  column ;  k,  thi'  tr&ctiw  intemicdk^ 
l^ntltej  I,  Anterior  C^riiu  ;  m,  CenEr*!  CkmA  i 
n,  Aotenor  Ui^N.'tiiMiitkig  Cammlnim, 


•  Rea  Lookhart  Chtk^,  "  PhiL  TraTie.,"  1858,  p.  249. 

f  Mr.  J.  L.  CUrke  baa  sttoeeededt  h;  the  ailoption  of  11  peculkr  method  of  prepftrei- 
tltjii  \{oT  whicli  ae«  "  FhiL  Tmaa.,"  1&£9|  Appendix,  p,  4&S)^  in  makiu^  s«cUona  of 
(^otifllderable  dimtinHioiic:}  BO^oieDtlj  tmaBpoj^ut  to  allow  the  courve  of  tbe  §breft|  and 
tho  coTitaur  of  the  nerre-ceds  and  dieir  proloDgatloDB,  to  be  ditrtinctl^r  made-out* 
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Gj  Gy  a  (which  are  more  numerous  in 
the  posterior  columns  horizontally  ; 
and  then,  taking  a  longitudinal  direc- 
tion down  the  Cord,  send  fibres  into 
the  anterior  grey  substance  (o),  of 
which  some  bend  upwards,  and  others 
downwards ;  part  apparently  becom- 
ing continuous  with  fibres  of  the  an- 
terior roots ;  whilst  another  part  lose 
themselves  among  the  fibres  of  the 
anterior  colmnns,  in  which  they  may 
either  proceed  continuously  to  the 
head,  or  may  pass-along  for  a  limited 
distance  only,  to  emerge  in  the  nerve- 
roots  of  some  other  segment.     The 
second  kind  of  bimdles,  b,  b,  b,  also 
traverse  the  posterior  columns  hori- 
zontally and  obliquely  inwards ;  their 
further  course  may  be  best  traced  in 
a  transverse  section  (Fig.  1 02).  These 
fasciculi,  which  are  composed  of  re- 
markably  fine  and  delicate  fibres, 
interlace  so  as  to  form  with  each 
other  an  intricate  plexus ;   and  from 
this,   straight   and  distinct  bundles 
enter  the  posterior  comua  along  their 
whole  breadth,  crossing  the  '  sub- 
stantia gelatinosa*  both  obliquely  and 
at  right  angles.    Having  thus  entered 
the  vesicular  substance  of  the  Cord, 
some  01  the  fibres  become  connected 
with   multipolar    ganglionic    cells ; 
others,   afi«r   traversing  it,  emerge 
from  it  again,  into  eitiber  the  pos- 
terior columns,  or  the  posterior  por- 
tion of  the  lateral  colunms ;   others 
pass  towards  the  transverse  commis- 
sure, through  which  they  seem  to 
make  their  way  to  the  posterior  and 
lateral  columns  of  the  opposite  side ; 
and  others,  again,  form  a  fine  net- 
work,   which  extends  towards   the 
anterior  comua.     Of  the  fibres  of  a 
third  set  (Fig.  104,  c,  c,  c),  a  part 
seem  to  become  directly  continuous 
with  the  fibres  of  the  posterior  co- 
lumns; the  larger  proportion  of  them, 
however,  cross   these   colimms  ob- 
liquely upwards,  and  enter  the  grey 
substsmce  at  different  points;  after 
passing  into  which,  they  can  no  longer 


the  upper  part  of  the  Cord),  enter 
Fio.  104. 


LonffUudinal  Section  through  Cervical  en- 
largement of  Spinal  Cord  of  Cat : — ▲  c,  anterior 
white  columns ;  ▲  c',  portion  showing  the  ar- 
rangement of  the  longitudinal  fibres  ;  p  c,  pos- 
terior white  columns;  o,  grey  substance  between 
them  (the  resicles  omitted,  to  aroid  obscuring 
the  course  of  the  fibres) ;  ▲,  anterior  roots  of  the 
nerves ;  p,  posterior  roots,  consisting  of  three 
kinds,  the  first,  a,  crossing  the  posterior  columns 
horizontally,  and  then  passing  obliquely  down- 
wards, across  the  grey  substance,  into  the  an- 
terior columns ;  the  second.  6,  traversing  the 
posterior  columns  horizontally,  and  then  losing 
themselves  in  the  grey  substance ;  the  third,  e, 
for  the  most  part  becoming  continuous  with  the 
longitudinal  fibres  of  the  posterior  column ;  all, 
or  almost  all,  ultimately  entering  the  grey  sub- 
stance. 
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be  clear  I J  followed,  although  some  of  them  appear  to  forra  loops  and  then 
return  to  the  white  columns. ^ — The  ^^cicuH  of  fibres  which  constitute  the 
anterior  rODta  (Fig.  102,  b^  6,  h ;  Fig.  104,  a,  a),  on  the  other  hand^  tmvene 
the  anterior  column  a  of  the  Cord  nearly  horizontally,  and  iu  straight  and 
distinct  bundles^  which  do  not  interlaco  with  each  other,  until  they  reach 
the  anterior  cornu  of  the  grey  snbBtance  ;  on  entering  this,  they  break-up 
into  smaUer  bundles  and  separate  fibreSj  wUidi  diverge  in  various  direc- 
tions; many  unite  with  the  larger  multipolar  ^uiglionic  cells  of  the 
anterior  horns  of  the  grey  substamce;  some  pasa-ont  again  into  the 
anterior^  aud  others  into  the  lateral  columns  of  the  same  aide ;  othera, 
again,  pass  towards  the  anterior  part  of  the  commisaure,  in  which  they 
cross-over  to  the  opposite  side,  entering  its  anterior  and  lateral  columns ; 
a  considerable  cumber  plunge  into  the  central  substance  of  the  gtej  cornii, 
and  of  these  some  become  longitudinal^  passing  equally  upwards  and  down* 
wards,  whilst  others  seem  to  traverse  it  horizontally,  so  as  to  come  into 
relation  (not  improbably  into  actual  continuity)  with  the  posterior  roots.* 
470.  Thus  we  see  that  tliere  are  two  very  distinct  courses  pursued  by 
the  Itoot- fibres  of  the  Spinal  Nerves,  in  the  substanoa  of  the  Cord  ;  tlie 
first  transverse,  the  second  longkudinaL  The  fibrea  belonging  to  the 
fortner  categoiy  traverse  the  Cord  horizontally  or  obliquely,  and  appear 
to  pass-out  in  the  other  set  of  roots  connected  with  the  mme  segment^ 
either  on  its  own  or  on  the  opposite  side  of  the  median  figure.  Of  those 
belonging  to  the  latter,  a  small  part  appears  to  connect  the  posterior  roots 
directly  with  the  posterior  columns,  without  passing  into  the  vesicular 
substance ;  but  tlie  remainder  of  those  belonging  to  the  posterior  root^ 
first  enter  the  grey  matter  of  the  Cord^  and  then  emerge  from  it  either 
into  the  posterior  column^  or  into  the  posterior  part  of  the  lateral  tohuim, 
of  their  own  or  of  the  opposite  half  of  the  Cord  ;  and,  in  hke  manner,  all 
the  longitudinal  fihress  belonging  to  the  anterior  roots  first  enter  the 
vesicular  substance^  and  then  pass-out  from  it  into  the  anterior  cx>lumn, 
or  the  anterior  pirt  of  the  latentl  colunm,  of  the  same  or  of  the  opp<ieite 
aide.  How  far  any  of  these  longitudinal  fibres  proceed,  however,  either 
upwards  or  downwards  in  the  Cord,  must  bo  acknowledged  to  be 
altogetlier  undecided.  It  seems  quite  probable  that  sotwe  of  them  are  (so 
to  speak)  properly  longitudinal  commissures,  serving  to  connect  the  nerve* 
roots  of  one  segment  of  the  Cord,  with  the  vesicular  substance  of  another 
at  a  greater  or  leias  distance  either  al>ove  or  V)e1ow ;  and  it  has  been 
recently  maintained  by  several  distinguished  Neurologists,  that  all 
may  be  of  this  character,  so  that  the  Hpinal  Cord  is  tihe  real  centre 
of  all  the  nerve-fibres  connected  with  it.f     The  principal  argument  for 

*  Them  vlit>  are  deairooa  of  pq^alng  the  stmcttire  of  the  Spinal  Cord  In  niOTd  ddtaU 
thao  c&n  pouibly  be  gv^^n  m  an  elementary  treatiiid  like  the  preset t,  ar«  referred  t« 
tfai  itaportant  ivork  pabliBhod  by  Btllling  m  1SS6,  entitled  *' N^ue  Uutai^Qfhtinem 
iiber  dcti  Bau  des  KUukeDinArkft^'"  in  3  parts,  with  u:i  atlas  ;  nlfto  to  the  **  Untettnelu 
Uber  den  feloereD  llau  ties  Central  Neryen-syntcm  des  Menfl^beo,"'  bj  J,  t.  Lenboivekr 
WIen,  1655;  to  the  reseftrobet  of  Bidder  &nd  Ettpffer^  '^  Ueber  die  Textur  dm  EUckea- 
markit,'*  L«tpx]g,  1S57;  to  Ibe  v&luable  papers  in  the  "  Phjlosophical  TransactiDiiB''  f^t 
1851.  1B63,  1868,  part  i.  p*  2Sl,  185&,  Fart  i  p.  437,  by  J*  Lodchurt  Clarke;  to 
Uie  TnuiElation  by  the  Sydenham  Soofetj  of  the  tre&tli^  of  Schrocder  t,  d.  Eolk,  1S59  ; 
«nd  to  iha  recently  pnbHsbed  essay  of  Br,  0*  Prommann,  *^  Untersuch.  ilb,  die  Norm^ 
n,  Futb*  Aiiftt^  defi  RUeken marks,"  Jena,  ISdi,  4  platen 

t  Se«  Budge,  **  Phyaiologie,"  1862,  p.  614,  and  Schilling,  "  De  Mad-  Spin.  Text/ 
D<«p.  ]S52,     Schroder  f.  d.  Eolk,  Syd.  goc.  TmnaL  1859,  pp,  44,  £6. 
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this  doct3*ine  (which  seems  to  have  originated  with  the  anatomical  re- 
searches of  Stilling  and  Wallach,*  and  to  have  been  first  put-forth  on  a 
physiological  basis  by  Messrs.  Todd  and  Bowmanf ),  arises  from  the 
asserted  difficulty  of  supposing  that  its  longitudinal  columns  can  transmit 
any  considerable  number  of  nerve-fibres  firom  the  Encephalon  to  the 
Spinal  nerve-roots.  Thus  it  is  urged  by  Dr.  Todd,  that  it  is  highly  im- 
probable that  the  only  channel  by  which  the  Will  can  influence  l£e  spinal 
nerves,  should  be  (as  generally  admitted)  that  afforded  by  the  Anterior 
Pyramids ;  since  the  whole  bulk  of  these  pyramids  on  both  sides,  taken 
together,  scarcely  equals  that  of  one  of  the  anterior  portions  of  the  antero- 
lateral columns.  Moreover,  if  there  were  a  gradual  giving-off  of  En- 
cephalic fibres  from  the  longitudinal  columns  into  the  roots  of  the  nerves, 
the  size  of  these  coliunns  ought  progressively  to  diminish  firom  above 
downwards ;  whereas  it  is  asserted  by  Volkmann,  who  has  strenuously 
upheld  this  doctrine  (loc.  cit.),  that  the  size  of  the  white  columns  presents 
no  such  diminution,  but  that  it  is  everywhere  proportional  to  the  quantity 
of  grey  matter  in  the  Cord.  Thus  in  Serpents,  the  Spinal  cord  (as  already 
noticed)  is  remarkable  for  its  uniformity  of  dimension  through  its  entire 
length,  the  absence  of  limbs  preventing  the  necessity  for  an  increase  in 
the  quantity  of  grey  matter  in  any  part,  and  the  fibrous  colunms  pre- 
senting a  similar  umformity  throughout ;  whereas,  if  the  latter  be  really 
Encephalic,  they  should  gradually  dwindle-away  firom  the  head  to  the 
tail.  Moreover  it  has  been  estimated  by  Volkmann,  that  the  area  of  the 
whole  Spinal  Cord  of  a  Boa,  at  its  anterior  part,  is  not  more  than  one- 
eleventh  part  of  the  united  area  of  the  221  pairs  of  nerves  which  are 
given-off  firom  it.  Further  it  is  urged  by  Volkmann,  that  the  white 
columns  are  absolutely  smaller  in  the  cervical  r^on,  than  they  are  in 
the  lower  part  of  the  Cord ;  so  that  they  would  not  sufiSce  to  convey  even 
the  lumbar  columns  upwards  to  the  Encephalon,  much  less  to  transmit 
the  fibres  of  all  the  intervening  nerves  in  addition. 

471.  These  and  similar  statements,  however,  have  been  met  by  Prof. 
KoUiker  (loc.  cit.),  whose  researches  have  led  him  to  a  conclusion  opposed 
to  that  of  Volkmann,  although  he  was  at  one  time  inclined  to  coincide 
with  it.  He  has  assured  himself  that  in  Man,  the  thickness  of  the  white 
colunms  does  augment  firom  below  upwards,  and  that  the  increase  in  the 
diameter  of  the  Cord  at  the  ganglionic  enlargements  is  due  to  the  aug- 
mentation of  the  grey  matter  only.  Moreover,  the  diameter  of  the  nerve- 
tubes  in  the  Cord,  especially  at  its  upper  part,  is  so  much  smaller  than 
the  diameter  of  the  nerve-tubes  of  ^e  Nerve-roots,  that  a  large  allow- 
ance must  be  made  for  this  difference,  in  estimating  the  relative  number 
of  nerve-tubes  in  the  fibrous  columns  of  the  Cord  and  in  the  Spinal 
Nerves ;  and  he  asserts  fi'om  actual  measurement,  that  it  is  by  no  means 
impossible  for  the  fibrous  strands  of  the  former  to  contain  all  the  nerve- 
tubes  which  issue  fi-om  them  in  the  latter.  He  has  found  himself  unable, 
moreover,  to  detect  any  termination  of  the  nerve-fibres  in  the  vesicular 
substance  of  the  spinal  cord ;  and  hence  he  thinks  it  probable  that  they 
all  pass  upwards  to  the  brain. — On  the  other  hand,  the  researches  of  Mr. 
J.  L.  Clarke,  which  have  been  carried  in  some  respects  to  a  greater 

*  *'  UnierBachangen  iiber  die  Textar  des  Eiickenmarks,"  Leipzig,  1842. 
t  '*  Physiological  Anatomy  and  Fhysiology  of  Man,"  part  ii.,  1845. 
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degree  of  minuteness  than  those  of  Prof,  Kulliker,  seem  to  confirm  tlie 
belief  that  there  ts  a  set  of  fibres  which  never  become  longitudinal,  and 
which,  accordingly,  have  no  other  ganglionic  centre  than  the  TeaietiJar 
Bubstance  of  the  segment  of  the  Cord  with  which  they  come  into  inmue* 
diate  relation ;  whUflt  they  also  accord  with  thoie  of  Prof.  Kolliker  in 
rendering  it  extremeiy  probable,  that  many  of  the  iowgitudinal  fibres  of 
both  roota  do  pass  continuouflly  upwards  to  the  Encephalon,  most  of 
them  after  traversing  the  grey  nucleus,  but  Bome  of  those  of  the  posterior 
roots  without  even  entering  the  vesicular  substance,  so  that  these  caniiob 
have  their  gangliome  centre  in  the  Cord  at  aU.  If  the  latter  be  among 
the  fibres  which  pasa^up  through  the  Posterior  Fyramida  into  the  sen- 
soty  tract  of  the  Crura  Cerebri,  their  true  ganglionic  centres  are  the 
Thalami  Optici. 

472.  That  such  m  the  real  arrangement,  is  veiy  strongly  indicated  by 
the  analogouH  conformation  of  the  gangiitited  cord  of  Articulated  aiiimak; 
for  it  may  be  stated  with  tolerable  certainty,  that  some  of  the  root-fibre» 
of  their  nerves  pass  along  the  purely-fibrous  tract  of  that  cord  (which  m 
&r  more  readily  separated  from  the  veBicular,  than  it  can  be  in  Verte- 
brata),  directly  to  the  cephalic  ganglia,  which  they  tlius  bring  into  direct 
communication  with  all  the  nerve-trunks  connected  with  the  gangliated 
cord ;  but  that  others,  also  becoming  longitudinal,  and  running  along 
those  portions  of  the  cord  which  intervene  between  and  connect  the 
ganglia  of  the  different  segmente,  pass  into  the  nerve-tnmka  that  emerge 
from  ganglia  at  a  distance  of  one,  two,  three,  or  more  segriients  above  or 
below :  whilst  a  large  proportion  of  the  root-iibres  have  their  ganglionic 
centres  in  the  ganglia  which  they  respectively  enter ;  and,  aiW  coming 
into  relation  with  its  vesicular  substimcc,  pasa-out  again,  either  on  the 
some  or  on  the  opposite  side  of  the  median  plane.*  Now  the  purely - 
fibrous  tract  of  the  ventral  cord  of  tl^e  Articnlata  terminates  in  the 
Cephalic  ganglia,  which  are  homolognuSj  as  already  remarked  ( §  4ii7,  iv,), 
not  with  the  wljole  Encephalon  of  Vertebmtji,  but  with  their  *  sensory 
ganglia'  alone;  and  tlius  analogy  would  lead  us  to  suppose,  that  the 
fibrous  strands  of  the  Spinal  Cord  do  Tiot  pass-on  continuously  to  the 
Otri^bf'um^  hut  r^illy  extend  no  further  upwards  than  tlie  Corpora  Striatal 
Thalami  Optici,  and  tho  other  ganghonic  centres  in  connection  with 
them,  which  he  along  tlie  floor  of  the  cranial  cavity*  Thia  view  will  be 
hereafter  shown  (Sect.  3)  to  ije  in  harmony  with  anatomical  and  physio* 
logical  fects,  which  indicate  that  the  Cerebrum  only  receives  its  impulscfi 
to  action  through  the  medium  of  the  Sensoiy  Gangha,  and  that  it  reacts 
upon  tiie  muscular  apparatua  only  through  the  same  channel.  That 
some  of  the  afferent  iibrea  of  the  spinal  nerves  should  ascend  continuously 
upwards  to  the  ganglia  of  tactile  sense,  in  Man  and  other  Vertebrata,  aa 
well  ti^  in  Articulated  animals,  would  seem  a  legitimate  deduction  horn 
the  fiict,  that  such  continuity  obviously  exists  between  the  oliactivei 
visual,  and  auditory  nerves,  and  their  respective  ganglionic  centres,  no 
intermediato  apparatus  of  vesicular  matter  being  interposed  in  their 
course ;  and,  as  we  have  seen  (^  4GB),  the  existence  of  such  a  continuity 

•  See  **Prine.  of  OoMp.  Phyi,/*  g  618.— The  important  fiwta  here  referred-to  have 
Wn  ehiedj  iub«tantuited  bj  the  rese&rchM  of  Mr.  Newport ;  &  ^cry  impnrttiDt  &dditbti 
b»  his  HtatementB,  bovevor,  bu  b««n  rec^nilj  made  bj  M,  QUnther,  who  bae  demon- 
ctntad  the  aotud  coatinuitj  betweea  the  Derre-fibrea  and  tbe  eaud&te  rmidoBf  m  tba 
fU^IiA  of  tbfi  vodtriLl  cord  of  tbe  Le^ob, 
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in  r^ard  to  a  part  of  the  fibres  of  the  posterior  roots  of  the  nerves,  is 
made  extremely  probable  by  the  researches  of  Mr.  J.  L.  Clarke. — A 
very  remarkable  confirmation,  too,  has  been  afforded  to  the  doctrine 
of  the  constitution  of  the  Spinal  Cord  here  advocated,  by  the  Patho- 
logical researches  of  Dr.  Ludwig  TUrck  ;*  who  has  shown  that  certain 
lesions  of  the  Encephalon  produce  a  d^eneration  of  nerve-tissue  in  par- 
ticular tracks,  which  may  be  traced  continuously  down  the  Spinal  Cord, 
usually  in  the  anterior  colimm  of  the  side  affected,  and  in  the  lateral 
column  of  the  opposite  side ;  whilst,  on  the  other  hand,  local  lesions  of 
the  Spinal  Cord,  as  firom  caries  of  the  vertebrae,  or  from  the  pressure  of 
tumours,  produce  a  like  degeneration  in  certain  tracks  of  the  posterior 
columns,  and  sometimes  also  of  the  lateral  columns,  ascending  towards 
the  Encephalon.  Thus  it  appears  that  the  posterior  fasciculi  are  liable 
to  this  secondary  degeneration  in  the  centripetal  direction  only,  and  the 
anterior  in  the  centrifugal  direction  only  ;  the  degeneration  taking  place, 
in  each  case,  in  the  direction  in  which  they  ordinarily  transmit  nerve- 
force.  The  mixed  endowments  of  the  lateral  colimms  are  also  indicated 
by  these  phenomena. 

473.  We  are  not  required,  however,  by  the  adoption  of  this  view  of 
the  constitution  of  the  Spinal  Cord,  to  regard  its  Cephalic  fibres  as  of  a 
different  order  from  those  which  pass  from  one  of  its  own  s^ments  to 
another;  for,  considering  the  whole  of  the  Cranio- Spinal  axis  as  one 
series  of  centres,  receiving  the  terminations  of  all  the  nerveb,  its  longitu- 
dinal fibres  are  equally  commissural,  whether  they  establish  the  connection 
between  the  netve-roots  and  vesicular  matter  of  two  adjacent  segments, 
or  whether  they  bring  into  the  same  structural  relation  the  parts  which 
are  frirthest  removed  in  position.  And  thus  we  may  regard  all  im- 
pressions upon  the  afferent  nerves  as  first  operating  upon  it  (affecting  the 
consciousness,  or  not,  according  as  they  reach  the  Sensory  Ganglia,  or  are 
arrested  in  their  progress  thither) ;  and  all  motor  impulses,  whether 
purely-reflex,  or  originating  in  volitional  direction  or  emotional  excite- 
ment, as  issuing  immediately  from  it  through  the  motor  trunks. — If  such 
be  the  case,  it  does  not  seem  at  all  improbable  that  there  should  be  a 
difference  in  different  tribes  of  animals,  as  to  the  proportion  of  fibres 
which  have  their  centres  in  the  Spinal  cord  and  in  ^e  Sensorial  centres 
respectively ;  for  in  those  whose  ordinary  movements  of  progression,  &c., 
are  independent  of  sensation,  being  performed  through  the  reflex  action  of 
the  spinal  cord,  it  might  be  expected  that  the  chief  connection  of  the 
spinal  nerves  should  be  with  its  own  ganglionic  substance,  and  that  the 
bulk  of  the  fibrous  columns  should  be  composed  of  commissural  fibres 
resembling  those  which  intervene  between  the  separate  portions  of  the 
ganglionic  tract  of  the  ventral  cord  of  Articulata ;  whilst  in  like  manner 
it  might  be  anticipated  that  in  Man,  so  large  a  part  of  whose  movements 
are  performed  in  obedience  to  a  mental  stimulus  and  under  the  guidance 
of  sensation,  the  longitudinal  strands  should  be  chiefly  composed  of  fibres 
that  directly  connect  the  sensorial  centres  with  the  roots  of  the  spinal 
nerves.    Such  a  difference  would  appear,  from  the  comparative  researches 

*  See  his  Memoir  '  Ueber  second&re  Erkranknng  einzelner  Rtickensmarksstr&nge  and 
ihrer  Fortset^ngen  zam  Gehirne/  in  ''Denkschriften  der  Kaiserlichen  Akademie  der 
Wissenachi^n/*  Wien,  1851;  also  **Zeii8chrift  der  Gesell.  der  Aertze  zu  Wien,** 
band  ix.  belt  10. 
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of  MIL  VoUcmann  and  K*-»Oiker,  to  exist  between  the  Btnicture  of  tiie 
Sphtal  OOTd  of  the  Horse  und  that  of  Man. 

474,  The  Medutta  Ohloiigatu^^  or  ctunial  prolongation  of  the  Spinal 
Cord,  which  brings  it  into  connection  with  the  Enc^^phalic  cent^e8H^  is  dis- 
tmguiahed  by  the  peeiilinr  nrrangfijnient  of  its  fihrotia  strands  and  of  its 
nuclei  of  grey  matter  \  and  also  by  the  peculiar  distribution  and  endow- 
meuta  of  the  nerves  connected  with  it.  The  amitomicftl  boundaries 
uaually  assigned  to  it  are  the  Pons  VaroHi  above  and  the  Occipitjd  tbra- 
men  below  ;  but  these  liniita  are  purely  artificial,  and  for  physiological 
purpofles  tlie  cx^urse  of  its  fibres  must  be  traced  much  higher.  The  jmrt 
thus  marked- out  has  a  bulb- like  form,  and  presents,  like  the  Cord  of 
which  It  ia  the  continuation,  a  posterior  and  an.  anterior  median  fissure. 
The  former  ia  deep  and  narrow,  extending  to  the  posterior  border  of  a 
Jayer  of  commissural  fibres  which  forms  the  floor  of  the  anterior  fissure. 
The  hitter  is  wider  and  less  deep  ;  and  its  continuity  with  the  anterior 
fissure  of  the  spinal  cord  ia  interriiptetl  by  the  decuesation  of  ibe  Anterior 
Pyramids^  which  is  marked  externally  by  the  croasing  of  from  tliree  tAi 
five  bundles  of  fibres  from  each  aide  over  to  the  other.  This  decussation 
may  be  consideretl  as  the  physiological  boundary  between  tlie  Medulla 
Oblongata  and  the  Spinal  Cord.  The  siirfkce  of  each  lateral  hah"  is  iur- 
rowed  by  grooves,  w*hich  assist  in  marking-out  the  several  strandH  of 
tierve-tibres  that  may  be  diatinguialied  on  either  side :  these  are — I.  The 
Anterior  Pyramids,  or  Corpora  Pi/rm/wJalia;  11.  The  Olivary  Bodies,  or 
Corpora  OUvaria;  ill.  The  Lateral  Columns;  iv.  The  Tubercles  of  Ro- 
lando, or  Tnherculi  Cinerei ;  v.  ThtJ 
Restiibrm  Bodies,  or  Corpora  Hesti- 
fonniti ;  otherwise  called  Pmcensns 
a  Ctrehdlo  ad  Medutlam  Oblongatam ; 
vx.  The  Posterior  Pyramids,  or  Cm- 
para  Pt/raTnidntia  Postertora.  (8eo 
Fig.  105.) — Tlie  connections  of  tlicse 
with  the  Brain  above,  and  with  the 
Spinal  Cord  below,  will  be  presently 
traced.  The  vesicular  substance,  on 
the  other  hand,  is  principally  aggre- 
gated in  three  pairs  of  gangiionio 
centres ;  of  which  the  anterior  forma 
tlie  nucleus  of  the  Olivary  body,  the 

lateral  of  tLe  Restiform,  and  the  posterior  of  the  Posterior  Pyramidal. 

475,  The  Antetnor  Pi/ramids  (i.)  consist  entirely  of  fibrous  structure» 
and  establish  a  communication  between  the  '  motor  tract*  (Fig,  lOfi,  mt)  of 
the  Crura  Cerebri,  ajid  the  anterior  and  an tero- lateral  columns  of  the 
Spinal  Cord.  The  principal  part  of  their  fibres  decussate  ;  and  these,  as 
they  pass  from  above  downwards,  dip  away  from  the  anterior  surface  of 
the  Cord»  and  connect  themselves  with  its  mkidfe  or  iateral  columns^ 
instead  of  with  its  anterior,  as  was  pointed-out  by  Rosenthal ^f  and  more 
fuUy  described  by  Dr,  J,  Reid.J     And  some  fibres  are  sjated   by  Mr,  J, 

*  For  gooti  nccounU  of  tlie  anittomj  of  tbe  Medulla  ObloDgatn^  B«e  Dr,  Juhn  Rdd  in 
"Kdlnb.  M*Hi.atidSurg.Jour.,'*  1841,  undMr.LClarkem  the *^PhQ,TniaB,"  1858, vola. 

i"  *^  Kin  Beitmg  sur  Enceplialiitumifi, "  Weiinar,  181 5« 

X  "Idiub,  Med.  find  Sarf.  Jobto./'  Jaa^  1S*1 ;  ftod  "Pbyaiol,  Pathol.,  aod  Anat. 
Eeaearcheit"  ch&p.  viL 


LuteraJ  rlcw  af  the  Medulla  Obhn^ttia  >— 
apt  autfiior  pjrniuld;  &«,  oUtott  cdIuihA; 
I II,  lat4?T«1  column ;  tc,  tubercle  of  Rolandoti 


ar  tuben^du-diiermi  j  c  r,  ixxrpui  rwUrorniei 
jfp.  piialflrior  pyrttTiiiili;  af,  wc"'-'-^  <ii.-^^ . 
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L.  Clarke*  to  pass  into  the  posterior  columns  and  posterior  grey  substance. 
A  small  part  of  the  fibres  of  the  pyramidal  columns,  however,  do  not  decus- 
sate, but  proceed  downwards  on  the  same  side,  into  the  corresponding 
anterior  columns  of  the  Spinal  Cord. — ii.  The  Olivary  bodies  are  com- 
posed of  fibrous  strands,  enclosing  a  grey  nucleus  (Fig.  106,  og)  on  either 
side.  The  upward  continuation  of  the  former  divides,  while  passing 
through  the  Pons  Varolii,  into  two  bands,  one  of  which  proceeds  upwards 
and  forwards  as  a  part  of  the  *  motor  tract*  (m  t)  of  die  Cms  Cerebri, 
whilst  the  other  (o)  proceeds  upwards  and  backwards  to  reach  the 
Corpora  Quadrigemina  (c,  d).  The  Olivary  columns  are  continuous  infe- 
riorly  with  the  antero-lateral  columns  of  the  Spinal  Cord.  Their  vesicular 
nucleus,  which  is  known  as  the  ^Corpus  dentatum,^  seems  to  be  inti- 
mately connected  with  all  the  surroimding  parts  of  the  Medulla,  chiefly 
through  the  arciform  system 
which  will  presently  be  de- 
scribed; and  Mr.  Lockhart 
Clarke,  though  he  has  never 
been  able  to  trace  any  im- 
mediate connection  between 
the  cells  of  the  nuclear  la- 
minse  and  the  roots  of  the 
nerves— -even  in  the  case  of 
the  hypoglossal  nerves  which 
pass  directly  through  them — 
yet  is  inclined  to  regard  them 
as  the  co-ordinating  centres 
for  the  different  ganglia  or 
nuclei  of  the  Medidla  Oblon- 
gata.! Schroeder  v.  d.  Kolk 
is  disposed  firom  many  con- 
siderations to  regard  these 
bodies  as  the  nervous  centres 
on  which  the  symmetrical 
movements  required  in 
speech  or  the  articulation 
of  the  voice  are  essentially 
dependent.^  —  in.  The  la- 
teral colmnns  (/  c,  Fig.  105),  Faisceaux  intermidiaires  of  Longet,  decus- 
sate below  with  the  anterior  pyramids.  Ascending,  they  assume  the 
form  of  triangular  columns,  the  apex  of  each  appearing  at  the  surface,  the 
base  being  opposed  to  the  one  of  the  opposite  side,  and  projecting,  covered 
with  grey  substance,  into  the  floor  of  the  4th  ventricle.  Behind,  they  are 
in  contact  with  the  restiform  bodies,  and  in  front  with  the  olivary  bodies. 
At  their  upper  part  they  triiurcate,  one  portion  curving  outwards  to  enter 
the  middle  pedimcle  of  the  cerebellum,  the  other  two  separating  firom  one 
another  to  allow  of  the  passage  of  the  superior  peduncles  of  the  cerebellum 
and  part  of  the  restiform  columns,  the  inner  one  ultimately  reaching  the 
cerebral  peduncles ;  the  outer  one  forms  a  transverse  commissure  behind  the 
Corpora  Quadrigemina, — iv.  The  grey  tubercle  of  Rolando  (ic.  Fig.  105) 


DiBMCtion  of  the  KediMa  ObUmgaUi,  to  show  the  eonneo- 
tions  of  its  several  strands : — a,  corpus  striatum ;  b,  thala- 
mus opttoos:  o,  D,  corpora  quadriffemina;  s,  commissure 
comiecting  them  with  the  cerebeUam;  w,  corpora  resti- 
formia;  »,  p,  pons  varolii;  *  ty  gt,  sensory  tract;  mi,  mt, 
motor  tract;  g,  olivary  tract;  p,  pyramidal  tract :  oa,  oli- 
vary ganglion ;  op,  optic  nerve ;  3  m,  root  of  the  thira  pair 
(motor) ;  6  *,  sensory  root  of  the  fifth  pair. 


•  "  Phil  Tnms.,"  1858,  p.  288.      t  Op.  cit,  p.  245.      t  Op.  dt,  p.  148  et  teq. 
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k  simply  the  expanded  extremity  of  the  posterior  conau  of  ^e  grey 
substance  of  the  Spinal  Cord  now  appearing  on  tlie  surface. — v.  The  E^sti- 
fomi  bodies  each  consist  of  fibrous  strands  (p,  Fig*  106),  enclosing  a  gi*ey 
nucleus.  The  fibrous  strands  pass  upwards  into  the  Crura  Cerebelli ;  wh ilst 
below  they  are  chiefly  continuous  with  the  poslm'ior  columns  of  the  Spinal 
Cord,  having  also  some  connection  with  the  posterior  j>art  of  the  umldle 
columns.  These  Cerebellax  columns  also  commiuiicate,  however,  with  the 
anterwr  columna  of  the  Spinal  Cord  by  a  band  of  *  arcilbrm  ^  Jibrea,  whose 
connections  were  first  distinctly  described  by  Mr,  SoJly;*  of  these 
there  ia  a  superHclal  set  which  unites  itself  with  the  pyramidal  columns, 
and  a  deep  set  which  comes  into  relation  with  tlie  olivary* — Yi.  The 
Posterior  Ptfrarnid^  are  scarcely  distinguiahable  externally  from  the  Rea- 
tiform  bodies,  of  which  tliey  were  formerly  described  as  a  constituent  part ; 
they  form,  however,  the  immediate  boundaries  of  the  posterior  modiaij 
fissure ;  and  whilst  superficially  marked -off  from  the  Rostiform  bodies  by 
a  slight  groove,  are  more  completely  separated  from  them  by  their 
anatomical  relations  to  the  parts  above  and  below.  Their  fibres 
estetblish  a  connection  between  tlie  sensory  tract  (« i,  s  t)  of  the  Cmiti 
Cerebri,  and  the  posterior  jMirt  of  the  luteral  columns  of  the  Spinal 
Cord,  aouie  of  tlieni  passing  also  into  its  poaberior  columns.  These 
fibrous  tracts  are  stated  by  Mr*  Sollj|  and  Dr.  Radclyflfe  Hallf  to 
decussate,  partially  at  least,  whilst  passing  through  the  Pons  Varolii. 
The  arcilbrm  fibres  (af^  Fig.  105)  here  seen  cro&dng  the  Medulla  nearly 
at  right  angles,  just  below  the  olivary  bodies,  w^hich  indeed  they  partly 
cover,  have  been  shown  by  ]Mr.  J.  L*  Chirke  to  be  only  a  superficial 
portion  of  a  very  important  and  extensive 
Fjg,  107>  order  of  commissiUTil  fibres  (well  seen  in  Figs. 

,4A^  110-112)t   the    bulk    of  which  is  much    more 

/"^^  /^^  deeply  placed,  and  which  not  only  connect  tlie 

opposite  halves  of  the  Medulla  Oblongata  by 
traversing  the  raphi^,  but  at  the  same  time  form 
the  means  of  communication  between  all  the 
parts  of  each  separate  haif,  the  net- like  arrange* 
ment  of  the  fibres  being  everywhere  inter- 
spersed with  iimnmerable  cells  of  varied  shape 
and  size,  from  which  many  of  the  fibres  may  be 
seen  to  arise. — The  gradual  development  of 
the  several  centres  of  grey  substance  in  the 
Medulla  Oblongata,  and  tlie  relations  which  they 
bear  to  the  Cerebral  nerves,  moat  of  which 
take  their  origin  from  this  part  of  the  Spinal 
axis,  may  be  rendered  intelligible  by  a  com- 
parison of  tlie  following  diagrams.  The  first  sec- 
tion here  shown  (Fig*  107)  is  made  at  the  level  of 
the  lower  fibres  of  origiu  of  the  first  Spinal 
nerves.  On  comparing  the  shape  and  position  of  the  grey  subetance 
with  its  appearance,  as  shown  in  Fig.  102,  it  wiU  be  observed  that  the 
whole  of  the  grey  substance  is  here  placed  more  anteriorly  than  in  thai 

*  "  FhiJsiBopliic&l  TnuiwwjtioiiM/'  1SS6, 

f  "  The  Ha  man  Bridn^**  2iid  edit.,  p.  213. 

t  '*  Ediflb.  Md.  mad  Swrg.  Jowu.,"  Jtaly  184  7|  pl*t«  rii. 
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Section    passing    throogh 
fibres  of  origin  of  Flnt 
of  Cervical  Nerves. 


section ;  that  the  posterior  white  columns  (a  and  b)  are  of  large  size,  whilst 
the  anterior  and  antero-lateral  columns  are  com- 
paratively small.  In  Fig.  108  the  grey  substance 
is  seen  to  have  relatively  increased  in  size.  On 
each  side  of  the  posterior  median  fissure  a  remark- 
able longitudinal  column  (ft),  containing  grey  mat- 
ter in  its  interior,  termed  the  *  pyramidal  column,' 
is  beginning  to  appear ;  a  second  swelling,  situated 
on  the  Cervix  a  little  more  externally  to  that  just 
mentioned,  indicates  the  commencing  appearance 
of  the  restiform  nucleus ;  still  more  externally, 
the  Caput  Comu  may  be  seen  to  be  detached 
and  thrown  aside  from  the  rest  as  a  distinct 
mass,  which  is  traversed  successively  by  the 
vagus  and  glosso-pharyngeal  nerves,  and  then  becomes  the  principal 
nucleus  of  tibe  sensory  root  of  the  5th  pair.  The  decussation  of  £he 
fibres  of  the  anterior  column  is  also  here  well  seen. 
In  the  next  section  (Fig.  109),  made  about  \  of 
an  inch  below  the  olivary  bodies,  the  grey  matter 
of  the  posterior  pyramids  (b)  on  either  side  of  the 
posterior  medi^ui  fissure,  is  seen  to  have  con- 
siderably increased  in  size ;  the  slight  swelling  at 
the  base  of  the  Cervix  is  also  now  much  larger, 
and  has  become  the  grey  nucleus  of  the  restiform 
bodies  (o),  whilst  what  was  the  Caput  Comu  is 
pushed  still  fiirther  forwards,  and  forms  a  great 
mass  of  grey  matter  at  the  side  of  the  cord,  known 
as  the  Grey  Tubercle  of  Rolando  {e,  Figs.  110,  111).  The  conmiis- 
sural  direction  and  arrangement  of  the  fibres  of  the  anterior  pyramids 
are  also  still  apparent.  On  making  a  section  just  below  the  olivary  bodies 
(Fig.  110),  the  grey  matter  is  found  to  occupy  almost  the  whole  of  the  posterior 
pyramids  (ft),  and  a  large  portion  of  tie  restiform  bodies  (o),  whilst  a 
most  delicate  and  complex  system  of  interlacing  fibres  surroimds  the 
central  canal.  The  grey  tubercle  of  Rolando  having  increased  in  size, 
and  reached  the  siuiace  of  the  Medulla,  appears 
as  a  dark  streak  {t  c.  Fig.  105) ;  the  portion  of  the 
anterior  column  which  does  not  decussate  has 
been  left  white  on  the  right  side  of  this  drawing. 
Two  minute  dark  spots  may  be  noticed  near  the 
bottom  of  the  posterior  fissure ;  tiiese  are  im- 
bedded in  the  mass  of  cells  forming  the  chief 
ganglionic  centres  of  the  Spinal  Accessory  nerve, 
though  other  and  extremely  fine  rootlets  belong- 
ing to  these  nerves  may  be  traced,  arising  firom  the 
same  part  of  the  grey  matter,  and  issuing  witii  tiie 
posterior  roots  of  the  Spinal  nerves  as  low  down 
as  the  sixth  or  seventh  cervical  vertebra.  Fig. 
11]  is  taken  from  a  section  made  through  the  lower  part  of  the  Olivary 
body.  The  posterior  pyramids  (ft)  still  contain  much  grey  matter,  and 
tiie  restiform  nucleus  and  grey  tubercle  of  Rolando  are  strongly  defined. 
The  small  central  canal  has  become  closely  approximated  to  the  bottom 


Section  passinv  a  quarter  of 
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Section  immediately  below 
Olivaxy  bodies. 
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B(i?yo!n  f tiToug'h  lower  port  of 


Pro*  111 


of  the  posterior  median  fismirei  and  on  eitluer  side  of  it  are  the  ganglionic 
masses  iroru  which  die  Spinal  Acceasoiy  nerre  takes  its  on^,  whilM 

immediatelj  in  &ont  of  it  are  two  diirk 
spots  indicating  the  gangHa  of  origin  of 
the  Hypoglossal  Nerve,  Anteriorlj  tlio 
win  dings  of  the  corpiia  dentatnmor  olivary 
nucloua  are  visible,  witli  a  remarkable 
set  of  ganglionic  celk  indicated  by  G.  The 
whole  central  part  of  the  grey  substance 
of  the  MedulJa  is  shown  to  be  composed 
of  coniniissurul  buiidleBj  constituting  the 
deep  system  of  arciform  fibree  described 
by  Lockhaxt  Clarke,  The  deeUMiatioii 
of  the  anterior  pjrramids  is  heore  much 
diminished;  for  the  fibres  they  derive 
&om  the  lateral  columns,  which  at  first 
were  their  principal  source,  have  become  comparatively  few;  whilst 
those  that  proceed  irom  the  posterior  columns  and  central  grey  snbBtance 

have  been  gradually  increasing  in  nnm' 
ber,  though  not  in  a  corresponding  pro- 
portion .  The  section  Fig,  1 1 2  is  carried 
through  the  Medulla  just  at  the  point  of 
the  Calamus  Scriptorius,  and  shows  thai 
the  Hypoglossal  gangha  have  retreated 
somewhat  backward^  pushing  the  mass 
of  ganglionic  ceUa  &om  which  the  Spinal 
Accessory  aroae,  but  which  now  consti- 
tute the  origin  of  the  Fncumognstric 
Nerves  (v),  to  some  extent  outwards.  The 
posterior  pyramidal  and  restiform  gan- 
glia have  increased  in  size^  ^id  bj  their 
lateral  expansion  form  nearly  one  con- 
tinuoiis  mass  on  each  aide  of  the  Medulla,  which  from  the  close  interlacement 
of  their  fibres  presents  a  spongy  appearance,  numerous  cells  being  contained 
in  tbe  interstices.  The  section  (fi^layed  in  Figi  1 13  is  carried  through  the 
upper  part  of  the  Medulla  Oblongata,  and  shows  the 
Glos&o-Ph:u^*ngeal  arising  at  a  higher  level,  but 
irom  the  same  series  of  ganglionic  cells  as  those 
fronj  which  the  Spimd  Aooeasory  and  Pneumogaa- 
tric  roots  have  successively  arisen,  and  which  are 
now  sunk  beneath  two  new  masses  of  vesiculur 
substance  firom  which  the  Auditory  nerves  take 
their  origin*  The  Auditory  nerve  itself  is  seen  to 
divide  into  two  portions,  one  curving  round  tlie 
aide  of  the  Medulla,  and  forming  tlie  w^ell-kjiown 
tnmsverse  elevation  on  the  floor  of  the  Fourth 
Ventricle,  the  other  dipping  into  the  sub- 
stance  of  the  cord  in  front  of  the  Hestiform 
body  to  reach  its  ganglionic  centre,  formed  by 
the  summit  of  the  posterior  pyramid  and  apparently  of  port  of  tlie 
nucleus  of  the  Fneumogastric  nerve.     The  ganglionic  cells  which  give 
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origin  to  the  motor  root  of  the  5th  nerve  are  here  very  apparent,  and 
may  be  traced,  forming  ahnost  a  distinct  vesicular  column  in  the  Medulla 
as  fiur  down  as  to  the  level  of  the  lowest  roots  of  the  Hypoglossal  nerve.  The 
deep  origins  of  the  5th,  6th,  and  Portio  Dura  of  the  7th,  are  shown  in  the 
section  Fig.  114.  The  6th  and  Portio  Dura  seem  to  form  almost  a  loop, 
and  to  be  continuous  with  one 

another  through  the  ganglion  Fio.  114. 

from  whence  t^ey  arise,  which  ^^ 

is  situated  above  but  in  the 
same  line  with  that  of  the 
Hypoglossal.  The  motor  and 
sensory  roots  of  the  5th  are 
separated  from  one  another  at 
their  origin  by  the  Portio 
Dura.  The  origins  of  the 
4th  pair  of  Cerebral  nerves 
have  been  shown  by  Mr.  Lock- 
hart  Clarke  to  be  traceable 
on  either  side  through  the  thin  lamin»  constituting  the  Valve  of 
Vieussens,  and  through  the  columns  forming  the  lateral  boundaries  of  the 
Aqueduct  of  Sylvius,  to  near  the  floor  of  the  foiuiih  ventricle ;  whilst  the 
3rd  nerve,  the  apparent  origin  of  which  is  ftom  the  loctis  niger  of  the  Cere- 
bral peduncles,  has  been  followed  by  Stilling  to  a  grey  nucleus  imderlying 
the  Aqueduct  of  Sylvius.  In  order  to  complete  the  description  of  the  origins 
of  the  Cerebral  nerves,  it  is  only  requisite  here  to  mention  that  the  2nd 

Fia.  115. 
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gh  the  rammit  of  the  Mednlla 
blongaU. 


Coone  of  the  Senmny  tract  according  to  Sir  C.  Bell :— a,  Pods  Varolii ;  B,  B,  MOMry  tract 
lepMrated:  c,  onion  ofposterior  oolamiu ;  i>,  i>,  posterior  roots  of  spinal  nerfes;  b,  sensory 
roots  of  fifth  pair. 
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pair,  or  Optic  Borvesj  arise  from  the  posterior  part  of  t>ie  Optic  tlia 
and  trom  the  Corpora  Quadrigeinina  ;  wlillst  the  1st  pair,  or  Oliactorj"' 
nerves,  ariee  bj  three  roots,  the  outer  one  appearing  to  be  connected 
with  Uic  Coqjus  Slriatmn  of  its  own  eide,  the  inner  one  with  the  Lamina 
Cinerea  in  front  of  tlie  Optic  eonunisaure^  and  the  middle  one  apri oging 
from  a  grey  nucleiia  in   front  of  the  anterior  perforated  space. — -It  will  * 
thus  be  aeezi  that  the  whole  series  of  the  Cephahc  nerreg,  when  foUowad 

Fm.  lie. 


COQfflfl  of  Qm  Mohr  tmH^  uixofd\n«  to  &ir  C,  B*U ;— i,  Aj  flbtei  of  the  Heomsphfrre,  eon- 
T6T^Df  i&  Ibrm  tk«  autdrlor  portion  oTthu  crUM  {^tclirf  ^  n^  th^  Biuite  tmcL,  wbera  pttninip  tiM 
imw  cOTebrl  j  c,  ch^  rij^lit  I'jraTUid*!  bodj,  a  Uttlo  »bi>ve  tho  point  of  dKUMMioti;  s^  Hm  f«~ 
mUEung'  part  of  the  Pmv«  Vaxolii,  n  portion  tiarjnf  bMn  dipatH-'tcd-off  tw  etfiOM  ■.<—!,  olfk^ 
l«rj  nerve.  In  QutHne;  2,  unloii  oroptld  ncrreti  3,  3,  morur  oculij  4,^  pattietkiti ;  &»&, 
trigeinJtitiii ;  B,  6,  iU  nmsrubr  dlvfvlott;  7,  7,  its  N3i»<jrj  root ;  S,  ori^n  ofaciuMjry  root  from 
thft  jHHterlflrpart  oftltc  mcrluUa  otilaDnk;  8,  abduccni  oculij  10,  audlt^vry  Derre^  11,  ftcUl 
iwnfei  Ig,  eiifhth  pair ;  13,  h^porlosAi^i  -  1 4,  iptnd  n^nfet ;  16,  fjdiu]  aoceUOTT  Oftlgbl  od*. 
■opArAlsd  frDin  iw,i  v igimi  and  jrlouo-pWitigeaL 


NERVES  OF  THE   SPINAL  AXIS.  507 

to  their  origin,  arise  from  grey  ganglionic  centres  situated  along  the  floor  of 
or  just  below  the  fourth  ventricle  and  the  base  of  the  brain.  These,  there  can 
be  little  doubt,  are  more  or  less  intimately  connected  with  one  another  by 
longitudinal  and  transverse  commissural  fibres,  and  establish  the  existence 
of  a  Sensory  tract,  the  activity  of  which  is  of  frmdamental  importance,  as 
will  hereafter  be  shown,  in  the  origination  of  ideas  and  of  a  certain  class 
of  movements  which  may  be  termed  *  consensual*  or  *  sensori-motor.' 
The  Pons  is  chiefly  composed  of  transverse  fibres  which  constitute  the 
great  commissure  of  the  Cerebellum ;  and  these  fibres  not  only  surround 
the  longitudinal  bands  which  connect  the  Cerebral  mass  with  the  Spinal 
Cord,  but  pass  through  them  so  as  in  some  d^ee  to  isolate  the  two 
lateral  halves  from  one  another,  and  to  form  a  complete  septum  between 
the  anterior  and  posterior  portions  of  each.  These  anterior  and  posterior 
tracts  of  the  Crura  Cerebri  are  probably  essentially  subservient  to  ihe  motor 
and  sensory  functions.  The  general  relations  of  the  Sensory  tract  were 
represented  by  Sir  Charles  Bell  in  the  accompanying  diagram  (Fig.  115),  in 
which  the  lifedulla  is  opened  on  its  posterior  aspect,  the  restiform  colimms 
separated  and  turned  aside  so  as  to  bring  into  view  the  posterior  pyra- 
mids, some  of  the  fibres  of  which  may  be  traced  upwards  into  the 
Thalami  Optici,  whilst  they  pass  through  the  posterior  pjrramids  into  the 
posterior  portion  of  the  lateral  colimms,  and  also  into  the  posterior 
colmnns  of  the  Spinal  Cord.  It  will  be  seen,  however,  from  tiie  fore- 
going description,  that  the  posterior  and  lateral  columns  of  the  Cord  to  a 
great  extent  terminate  in  the  lower  part  of  the  Medulla  Oblongata,  and 
that  the  posterior  pyramids  and  resdform  bodies,  with  their  grey  nuclei, 
are  essentially  new  formations,  the  real  function  of  which  is  as  yet  only 
partially  determined.  The  Motor  tract  (Fig.  1 16)  is  brought  into  view  by 
simply  raising  the  superficial  layer  of  the  Pons,  and  following  upwards  and 
downwards  the  longitudinal  fibres  which  there  present  themselves.  These 
fibres  may  be  traced  upwards  into  the  Corpora  striata,  and  downwards 
into  the  anterior  pyramids  and  a. portion  of  the  olivary  columns,  so  that 
they  connect  the  Corpora  striata  with  the  anterior,  and  with  the  anterior 
portion  of  the  lateral  columns  of  the  Spinal  Cord. 

476.  Nerves  of  the  Spinal  Axis. — ^Withthe  Spinal  Cord  (in  its  limited 
sense)  there  are  connected  thirty-one  pairs  of  nerves ;  each  of  which  cor- 
responds to  a  vertebral  segment  of  the  body,  and  has  two  sets  of  roots, 
an  anterior  and  a  posterior,  diflering  in  their  functional  endowments, 
as  already  described  (§  443).  The  anterior  roots  are  usually  the  smaller ; 
and  this  is  particularly  the  case  with  those  of  the  cervical  nerves,  in 
which  the  posterior  roots  are  of  remarkable  comparative  size.  In  the 
first  Cervical  or  '  sub-occipitar  pair,  the  anterior  roots  are  sometimes 
wanting ;  but  there  is  then  a  derivation  of  fibres  from  the  Spinal  Accessory, 
or  from  the  Hypoglossal,  or  from  both.  The  two  roots  of  the  ordinary  Spinal 
nerves  imite  immediately  beyond  the  ganglion,  which  is  situated  on  the 
posterior  one;  and  the  trunk  thus  formed  separates  immediately  into 
two  divisions, — the  anterior  and  posterior,— -each  of  which  contains  both 
aflEerent  and  motor  fibres.  These  divisions,  of  which  the  anterior  is  by 
far  the  larger,  proceed  to  the  anterior  and  posterior  parts  of  the  body 
respectively;  and  are  chiefly  distributed  to  the  skin  and  the  muscles. 
The  anterior  branch  is  that  which  conununicates  with  the  Sympathetic 
nerve. — In  addition  to  these,  however,  as  we  have  seen,  the  cranial  pro- 
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longation  of  the  Spinal  Axis  is  the  centre  of  all  the  cephalic  nerves,  the 
functions  of  wbicli,  eince  they  are  for  the  most  part  distinguished  by  the 
peculiarity  of  their  endo^vmente,  require  to  be  separately  noticed* 

477*  The  pair  of  nerves  commonly  designated  as  die  Ftjlh  of  the 
Cephalic  RerieHj   or  aa  the  Tng€Tmnu.^j  is  the  one  wliich  more  neaxly 
resembles  tJie  ordinary  Spinai  nerves,  Umn  do4Si  any  other  of  tbofld  i 
originating  witliin  the  cranium^     It  jK)ssesse3  two  distinct  sets  of  rootS| 
of  which  one  is  much  larger  than  tlie  other ;  on  the  larger  root,  lui  on 
the  posterior  and  larger  root  of  the  Spinal  nerves,  is  a  distinct  ganglion, 
known  as  the  '  Gasaerian' ;  and  the  tibres  arising  from  Uio  smaller  root, 
the  nmnber  of  which  has  l>eeii  estimated  at  9000  to  1U,000,  do  not  blend 
with  those  of  tlie  larger,  untO  the  latter  have  passed  through  this  ganglion. 
The  trmik  of  the  nerve  separates  into  Uxree  diviaiona, — the  Ophthalmic, 
the  Superior  Maxillary,  and  the  Inferior  Maxillary ;  and  it  can  be  ^sUy 
shown,  by  eareiul  dissection,  that  the  fibres  of  tlie  smaller  root  pass  into 
the  last  of  these  divisions  alone.     When  the  distributien  of  this  nerve  is 
carefully  examined,  it  is  found  that  the  Jlrst  and  second  divisionB  of  it 
proceed  almost  entirely  to  tfie  Skin  and  Mucous  surfaces^  only  a  yay 
small  proportion  of  their  fibres  being  lost  in  the  muscles  j  whikt  of  the 
branches  of  the  third  division,  a  large  number  are  distinctly  Muscular. 
Hence  analogy,  and  tlie  facta  supplied  by  anatomical  research,  would  lead 
to  the  conclusion,  that  the  iirst  two  divisions  are  nerves  of  sensation  only, 
and  tliat  the  third  divi^on  combines  sensory  and  motor  endowments- 
Such  an  inference  is  fully  borne-out  by  experiment.     When  the  whole 
trunk  is  divided  within  the  cranium  by  &e  penetration  of  a  sharp  ins^u- 
ment  (which  Magendie,  by  frequent  practice,  was  able  to  acoompliah}g  1 
evident  signs  of  acute  pam  are  given.     After  the  incision  has  been  made  ] 
through  the  skin,  tlie  animal  remains  quiet  until  the  nerve  is  touched ; 
and  wJien  it  is  pressed  or  divided,  dolefiil  cries  are  uttered j  which  con- 
tinue for  some  time,  showing  the  painful  effect  of  tlie  irritated  state  of  the 
cut  extremity.     The  common  sensibility  of  all  the  parts  suppUed  by  this 
nerve  is  entirely  destroyed  on  the  affected  side.     The  jaw  does  not  hai^i 
loosely,  because  it  is  partly  kept-up  by  the  muscles  of  the  other  aide|| 
but  it  falls  in  a  slight  degree ;  and  its  movements  are  seen,  when  care-| 
ftdly  observed,  to  be  somewhat  oblique.     II*  the  trunk  be  divided  on  each 
side,  the  whole  head  is  deprived  of  sensibility ;  and  tlie  animal  carries  it 
in  a  curious  vacillating  manner,  as  ii'  it  were  a  foreign  body. — If  the . 
anterior  or  Opkthaimk  branch  only  be  divided,  all  the  parts  supplied  bj 
it  flje  found  to  have  lost  their  sensibility  ^  but  their  motions  are  unim^ 
paired  J  and  all  eixpeiimenta  and  pathological  observ^ations  concur  in  i 
buting  to  it  sensoi^  endowments  only.     The  only  apparent  exception  ; 
in  the  case  of  the  tiaso-ciliary  branch,  since  there  is  good  reason  to  beUeve 
that  the  long  root  of  the  cihary  ganglion  and  the  long  ciliary  nen 
posseas  motor  powers ;  but  these  api>ear  to  be  derived  Irom  the  Symp 
thetic  or  from  the  3rd  pair.     When  the  whole  nerve,  or  its  anterior" 
branch,  is  divided  in  the  rabbit,  the  pupil  ia  exceedingly  contracted,  and 
remains  immovable ;  but  in  dogs  and  pigeons  it  is  dilated.    The  pupil 
of  the  otlier  eye  is  scarcely  afiected  ;  or,  if  its  dimensions  be  changed^  it 
soon  returns  to  its  natural  state.     The  eyeball,  however,  speedily  becomoB 
inflamed ;   and  the  inflammation  usually  runs-on  to  suppuratioii   and 
complete  disorganiamtion.     The  commencement  of  these  dmnges  lauj  be 
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commonly  noticed  within  twenty-four  hours  a^fter  the  operation;  and 
they  appear  to  be  due  to  the  want  of  the  protectiye  secretion,  which  is 
necessary  to  keep  the  mucous  surface  of  the  eye  in  its  healthy  condition, 
and  which  is  not  formed  when  the  sensibility  of  that  sur&ce  is  destroyed. 
— The  Superior  Maxillary  branch,  considered  in  itself,  is  equally  destitute 
of  motor  endowments  with  the  ophthalmic ;  but  its  connection  with  other 
nerves,  through  the  spheno-palatine  ganglion  and  its  anastomosing  tvngs, 
may  introduce  a  few  motor  fibres  into  it. — The  Inferior  Maxillary  branch 
is  the  only  one  which  possesses  motor  as  well  as  sensory  endowments 
from  its  origin ;  but  its  different  subdivisions  possess  these  endowments 
in  varying  proportions,  some  being  almost  exclusively  motor,  and  others 
as  completely  of  a  sensory  character.  The  latter  is  probably  the  nature 
of  the  Lingual  branch ;  and  there  seems  good  reason  to  beHeve,  as  will 
hereafter  be  shown  (§  480),  that  this  ministers  not  only  to  the  tactile 
sensibility  of  the  tongue,  but  to  the  sense  of  Taste.  The  muscles  put  in 
action  by  this  division,  are  solely  those  concerned  in  the  masticatory 
movements. — The  5th  pair  is  connected,  in  different  parts  of  its  course, 
with  a  number  of  small  ganglia  belonging  to  the  Sympathetic  system. 
One  of  the  most  interesting  of  these  ganglia  is  the  Ophthalmic  or  Ciliary 
(Fig.  117,  29),  which  is  the  centre  whence  the  eyeball  derives  its  supply 
of  nerves,  sensory,  motor,  and  sympathetic.  Tina  ganglion  derives  its 
sensory  fibres  by  its  '  long  root^  from  the  nasal  branch  of  the  Ophthalmic 
division  of  the  5th  pair ;  its  motor  fibres,  by  the  *  short  root'  firom  the 
3rd  pair;  whilst  by  another  small  root,  it  is  connected  with  the  cavernous 
plexus  of  the  Sympathetic  system,*  and  is  thus  brought  into  relation  with 
the  Spinal  axis ;  for,  according  to  Budge,*!*  these  fibres  of  origin  for  the 

*  The  fanctions  of  thiB  ganglion  have  been  made  the  sabject  of  particalar  inveBtiga- 
tion  by  Dr.  G.  Badclyffe  Hall  (^'Edinb.  Med.  and  Surg.  Journal,'*  1846-48),  whose 
most  important  results  are  as  follows  : — 

1.  The  size  of  the  ciliary  ganglion  is  always  in  direct  proportion  to  the  activity  of  the 
iris,  which  in  turn  always  bears  a  direct  relation  to  the  strength  and  acuteness  of  vision, 
and  to  the  nocturnal  habits  of  the  animal,  and  implies  a  proportionate  development  of 
the  internal  vascular  apparatus  of  the  eye. 

2.  The  ganglion  is  always  more  intimately  connected  with  the  8rd  pair  than  with  any 
other ;  the  size  of  the  short  root  being  always  in  direct  relation  to  that  of  the  ganglion, 
and  the  ganglion  being  sometimes  a  mere  swelling  on  the  trunk  of  the  nerve. 

8.  The  fibres  derived  from  the  5th  pair  do  not  terminate  in  the  ganglion,  but  pass 
onwards  through  it  to  the  ciliary  plexus. 

4.  In  the  Babbit,  the  iris  receives  fibres  fi^>m  the  6th  pair  which  do  not  pass  through 
the  ganglion ;  and  it  is  through  this  that  the  contraction  of  the  pupil  is  produced  in  that 
animal  by  irritation  of  the  5th  pair,  which  will  not  produce  any  e£fect  upon  the  pupil 
of  the  Dog,  Cat,  or  Pigeon,  so  long  as  it  does  not  affect  the  brain  to  the  extent  of  pro- 
ducing vertigo,  nor  affect  the  visual  sense  in  any  other  way. 

5.  Irritation  of  the  5th  nerve  does  not  in  any  animal  affect  the  action  of  the  iris,  after 
the  division  of  the  cerebral  connections  of  all  the  other  ocular  nerves  [this  is  denied  by 
Budge],  so  that  its  influence  over  the  movements  of  the  iris  must  be  reflected  through 
the  encephalic  centres,  not  through  the  ophthalmic  ganglion. 

6.  The  function  of  the  ganglionic  centre  itself,  as  a  part  of  the  Sympathetic  system, 
seems  to  be  to  bring  the  *  organic  actions  *  of  the  eyeball,  especially  its  supply  of  blood, 
into  harmony  with  its  functional  activity ;  this  harmony  being  proiduced  by  the  passage 
of  the  cerebro-spinal  nerves  through  the  ganglion,  which  excites  the  synergetic  action  of 
its  own  vesicles  and  nerve-fibres. — Irritation  of  the  8rd  pair  of  nerves  produces  contrac- 
tion of  the  pupil ;  irritation  of  the  cervical  portion  of  the  Sympathetic,  dilatation.  On 
the  other  hand,  paralysis  of  the  8rd  nerve  is  followed  by  dilatation ;  paralysis  of  the 
cervical  sympathetic  (as  by  section),  by  contraction  of  the  pupiL 

t  "  Physiologic,"  1862,  p.  767. 


510 


PUNCnOKS  OF  THl  CERllDBO-STIKAL  NERVOUS  STSnOSH, 


S}inpa^etic  nerve  arise  from  two  centTOs :  firsts  from  tl*€  Spinal  coffd 
between  tlie  6tb  cervical  and  the  2nd  dorsal  vertebra  (a  part  whicli  he 
termi  thi  Cfentmra  Cilio-spinale  Inferius),  the  fibres  from  which  pass 
upward  in  the  great  cord  of  tlie  Sympathetic ;  and  secondly ,  from  another 
centre  situated  in  the  Medulla  OblongEtaf  in  immediate  proximity  to  tJrie 
origin  of  the  Hypoglossal  nerve,  the  fibres  from  thJs  source  passing  into  the 
superior  cervical  ganglion.  Talentin  maintains  that  some  of  the  fibres  of  the 
Inferior  Cilio-spinal  ganglion  ascend  in  llie  tnmk  of  the  Pnetmiogastrie.* 


Fro.  117. 


The  y«rrnqftltt  OrUtxmn  from  tho  <init!T  sye^i^l,  Sectlonof  the  fh)nt&)  }mnti  tcnmo- 
dfitelj  liehind  the  nuioenl  Uthe  Fifotilai  ilnai,  &iid.  In  IVouJ^^  tbo  intCfftitneiii,  S,  Tho  stiptriliir 
maTnUrj  bone ;  the  lectlm  \n  front  of  the  imtueriU  eihibita  the  nmxilliry  ilnut.  S,  Piit  of 
thp  iplictioid  batii!,  4.  Tho  levulor  piUp«brv  uid  su^wrfor  T<?Gtiu  mittclet.  5.  Tht  ptiperfor 
DbUquu  miiHolo,  ft.  The  mfi  rfor  obHqoe  moflele.  7.  Tbo  ouuliir  tutlfof  the  Bitemil  nMStus 
muicla  drawn  farnrardii.  H^  Thcprhit!i1  half  of  the  FTtemil  fcetui  Tniui?1e^  tamed  dnwDwafdn. 
On  thli  mwwli  the  flith  nerve  ii  Men  4ivMlnst  ink>  hramheR.  0.  The  lnfi?riar  n?cUi»  ntufclf. 
10.  Th#  o|ittC  Dei*^.  11.  The  internal  carotid  nrtf^rj  eRiL'r)i?inj3^  from  the  cav'<'rnfmft  tiimiL. 
1«-  The  ophthalmic  nrterj.  13.  The  third  nerve,  14.  Tlw  hraneli  ofihe  thiH  ntrvo  fa  lh*r 
Inrerlor  nblii^nc^  mtiKcle^  Iktwren  thl»  mrl  the  flutb  aerre  [A)  it  «ecn  the  bmiich  whkh  m\jf 
lAien  the  inferSor  riK'tup  ;  iin  hraneb  to  Ihe  ophthalmia  Ranjflkii  ih  seen  prctceedLn^  from  the 
iipfH>r  ^idc  c^rthp  trynk  of  the  nerve,  at  the  bottom  of  tni^  orbit.  15.  The  fourth  cmrve.  16* 
Tne  tnink  oflhe  fiflh  norto,  17.  The  Gpiacriait  gaiifrlion.  18.  The  nphthalmje  ii«rre.  1»* 
The  »ujpc<rioT  mtLiillEirv  neiT«.  2ii\  The  hiferinr  nuulllarj  nerve.  21,  The  rrontAl  nerre^  H^ 
1  tfl  diTlslou  ititcj  brimclieifl  to  nnppir  the  intefrurnent  of  the  rorrh^^'ad.  2^1.  The  lathTjmftl  ASryc 
24  The  niwal  nt^rre;  the  flmalJ  nerve  iH?cn  hi  the  hifpiTmition  t>f  the  nasaL  and  GKmtAl  onrQi  Is 
«9ne  oftho  branehf^  of  the  iip|K?r  drnfilnn  of  the  third  nerve.  2^.  Tho  nual  Bcnrf<  Muln^  aver 
the  internal  riHitus  mtiiele  to  thtt  anterior  ethrnoiflal  fnrftmen.  StS,  The  in&i-koohlnr  nerf*, 
£7,  A  Innj;  eiliary  branch  ol  the  muml ;  anothrT  loni;r  elll&rr  branch  li  wum  prafifledJngr  fNmt 
tti4'tow&r  aspect  of  theDerre.  tB.^  The  Ion;?  root  of  the  onht^snJTnlcf^gMoo^iifix^edtB^friBm 
the  noBftl  iiervt.%  ftn4  rpceivlnir  the  ejtn path cti(?  root  wh ich  j liin*  li  at  an  atmte  uiflf^^  »*-  Tht 
ophtbaJmlc  gaDglioHj  |;i  vingr-oST  flrom  Us  fore-part  thtf  nhoft  dliarj  nerret.  30.  The  globe  of 
ta0  Fje. 

47S.  The  TAtrf/,  Fourth^  and  *S/ir(A  pairs,  togetht^-  make-up  the 
apparatus  of  motor  nerves^  hy  whtch  the  muscles  of  the  Orbit  are  called 
into  action.  The  3rd  pair  supplies  the  greater  number  of  the  musclea. 
The  number  of  fibres  in  the  3rd  nerve  is  about  15^000,  in  tho  4tli  about 
1100,111  the  Gth  fi-om  2000  to  2500  ;t  the  4tli  Iniing  confined  to  the 
Superior  Oblique,  and  the  Otli  to  the  External  Kectus>  Of  these  nerren^ 
the  3rd  pair  ia  the  only  one  which  exhibita  any  appearant^e  of  sensibility 
when  its  trunk  is  irritated  ;  but  this  iensibility  is  not  nearly  bo  great  as 

•  See  Schiff,  *'  Pbysidogie,'*  p*  376. 

+  Boieatliid,  **  Do  Numero  ikiriue  MeDBurA  Microtcop.  Pibrilbrntn/*  BreaUn,  1S45. 
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that  of  the  5th  pair ;  and  as  there  is  no  reason  to  believe  that  it  is  really 
possessed  by  the  3rd  in  virtue  of  its  direct  connection  with  the  nervous 
centres,  it  is  probably  imparted  by  the  anastomosis  of  that  nerve  with 
the  5th, — some  filaments  of  which  may  pass  backwards  as  well  as  for- 
wards, so  as  to  confer  sensibility  on  the  trunk  of  the  3rd,  above  as  well 
as  beyond  their  point  of  entrance.  Chauveau*  observes  that  the  deep 
or  intra-cerebral  portions  of  the  motor  nerves  are  quite  incapable  of 
being  excited  to  action  by  direct  stimidation ;  though  on  applying  irrita- 
tion to  them  at  the  point  where  they  emerge  from  the  cerebrum,  move- 
ments can  always  be  induced. — The  peculiar  mode  in  which  those  motor 
nerves  ordinarily  excite  the  muscles  to  action,  imder  the  guidance  of  the 
visual  sense,  will  be  considered  in  the  next  Section.  Although  com- 
monly ranked  as  cephalic  nerves,  they  have  no  direct  connection  with 
the  Cerebrum ;  their  real  origin  being  from  the  upper  part  of  the  Spinal 
Axis.  The  roots  of  the  3rd  pair  may  be  traced  into  direct  con- 
nection with  the  Corpora  Quadrigemina ;  a  &ct  of  considerable  physio- 
logical importance,  as  will  hereafter  appear. — The  chief  actions  of  a 
-purely-reflex  nature  to  which  this  group  of  nerves  ordinarily  ministers,  are 
the  government  of  the  diameter  of  Uie  pupil,  which  is  accomplished  through 
the  Third  pair ;  and  the  rolling  of  the  eyeball  beneath  the  upper  Hd 
during  sleep,  as  well  as  in  the  efforts  of  sneezing,  coughing,  &c.  But 
irregular  movements  of  the  eyeballs,  which  must  be  referred  to  the  same 
group,  are  continually  seen  to  accompany  various  abnormal  forms  of 
convulsive  action. 

479.  The  Portio  Dura  of  the  7th  pair,  or  Facial  Nerve,  containing 
about  4000  to  4500  nerve-fibres,  was  shown  by  Bell  to  be  a  purely 
motor  nerve,  chiefly  distributed  to  the  muscles  of  the  face ;  it  has  hence 
been  termed  the  Nerve  of  expression.  In  its  passage  through  the  Aque- 
ductus  Fallopii,  it  presents  a  gangliform  enlargement,  which  is  connected 
by  the  N.  petrosus  superficialis  major  with  the  spheno-palatine  ganglion  of 
the  5th,  and  by  the  N.  petrosus  superficialis  minor  with  ihe  otic  ganglion. — 
By  these  branches  the  palatine  muscles  supplied  by  these  ganglia  receive 
their  motor  power,  and  some  sensory  fibres  enter  the  facial,  thus  ac- 
counting for  its  sensibility  when  cut  at  its  exit  from  that  canal.  It  is 
also  connected  with  the  t3rmpanic  nerve  of  Jacobson  proceeding  from 
the  glosso-pharyngeal,  with  the  auricular  of  the  Pneimiogastric,  and  with 
the  upper  cervical  nerves.  The  Portio  Dura,  besides  the  muscles  of  the 
face,  supplies  the  stapedius,  the  auricular,  occipital,  stylohyoid,  and  the 
posterior  belly  of  the  digastric  muscles.  It  does  not  supply  the  muscles  of 
mastication.  Its  chorda  tympani  branch  joins  the  lingual  of  the  fiflh,  and 
has  been  shown  by  Bernard  to  be  the  nerve  by  which  the  submaxillary 
gland  is  excited  to  active  secretion,  while  another  branch  is  distributed  to 
the  parotid  (§  80). — Experimental  as  well  as  anatomical  researches  leave 
no  doubt  that  the  Portio  Dura  is  the  general  motor  nerve  of  the  face ; 
ministering  to  the  influence  of  Volition  and  of  Emotion,  and  also  being 
the  channel  of  the  refiex  movements  concerned  in  respiration,  as  of  other 
automatic  actions  of  the  muscles. 

480.  Although  the  functions  of  the  Glosso-Pharyngeal  nerve  have  been 
heretofore  alluded-to  in  part,  several  questions  still  remain  to  be  discussed 
in  r^ard  to  them.     Reasons  have  been  given  for  the  belief,  that  it  is 

•  "Journal  de  la  Phyaiologie,"  torn,  v.,  1862,  p.  272. 
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chiefly  an  aflTerent  nerve, — scarce! j  having  any  direct  power  of  exciting 
muacular  contraction,  but  conveying  impressioni  to  the  Med  oik  Ob- 

Pra.  lis. 


Thfi  dirtrlbdtJon  of  the  FyHol  I^^rft,  Mtl  the  titAiieliefl  of  the  Gerricol  plexntr— l.Tha 
fAci&l  iit!rvi%  riK^plit]^  trom  tliL-  fftjflo-mmitoid  fbruneiL,  and  iirouliig  tlic  ntmiu  of  iho  Imrvr 
JAvvj  tlic  pnrotitJ  ^Ixmd  hoM  bo«t]  rdmoTcil  in  order  to  alio v  th«  nerve  mui-i?  i!l0titi4?tlx,  1^ 
The  posttritj^T  oanealar  bmneh  ;  tho  tii^aetrid  mud  HtTla-nuiBtoid  ftlameiitit  ajft  soeii  hum  the 
4)rl4rJu  of  IhiK  bniiich.  3.  Tt^mporal  brajit!hc»,  communicAtini;  ^nrilti  m  ttin  brajichis  of  the 
frontal  nerve.  5.  Facial  hranehcA.  <N:9mmimk^liiir?  with  (fljf  the  Inlni-urbitAi  nerve.  7«  FuIaI 
brtttiehei^t'iCiiDfiiiinlealiiig'  with  (M)  the  mentiil  Tn?tve.  fl,  CerrliMvfnuLitl  brsnchw,  commnnl* 
oaUnff  vrUh  0^^)  tlm  BU[^TtitnalL«i  t'^jlLi  nerve,  aod  rcrminj^  «  piDiuA  (ll)o¥«r  the  subrnflJcULafj 

gland.  The  dlntrihutjion  of  the  brviche«  olf  the  fkeial  In  a  radkted  direction  over  tho  iJdffi  gf 
be  IWo,  eoDstltutM  thp  pet  an*t>riniui,  IS,  The  auritrnJarii  tnaffnn*  nertej  n«i«  of  tike  mcm^ 
loff  hnuiehe«  of  the  eenrieul  fikEus,  13.  'fhe  ooclpttiilSj  minor,  &teefidln)f  alon;  Ui»  poctflricir 
buf  der  of  tha  BturuO'mMtoid  mmi-H.  U.  The  Boperllolal  bud  deep  deKcndiqe-brtnctoei  of  tilt 
eerrieal  plcsua.  Ifi.  Tho  episiEbl  OLC«»fory  ncrvd^  givmiF-oJTa  hnni^h  to  the  external  lorlke^ 
of  tlie  tta|ieilcii  mimdfi'^  IC  Tbe  occipl  tails  ma^QT  nerve,  the  poiterlor  branch  of  the  H9«uid 
cerrleal  nerre. 

longata,  which  produce  irfless  movements  of  tJie  motor  nerves  eoncemed 
in  deglutition  (§  61)).  This  view  of  ita  ftmction  was  deduced  by  Dr,  J. 
Reid  from  minute  anatomical  inveatigation,  and  from  a  large  number  of 
experiments.  Some  cjcperimentera  assert,  that  they  have  succeeded  in 
exciting  direct  muscular  actions  through  ita  trunk;  hut  these  actionB 
seem  to  be  hmited  to  the  Btylo-pharjngei  and  palato-glossl  muscles. — 
Much  controvcTBy  has  taken  place  on  the  question,  whether  this  nerve  is 
to  be  regarded!  as  mirilRtering,  partly  or  exclusively,  to  the  sense  of  Taste; 
and  many  high  author tties  have  ranged  themfielvea  oo  eadi  side.  The 
question  involves  that  of  the  frtnction  of  the  Lingual  branch  of  the  5th 
pair;  and  il  ia  partly  to  be  decided  by  the  anatomical  relations  of  the  two 
nerves  respectively.  The  Glosso -pharyngeal  is  princip*illy  distributed  on 
the  mucous  eur&ce  of  the  faucesi  and  on  the  back  of  the  tongue ;  but 
according  to  Valentin,  it  sends  a  branch  forwards^  on  either  aide,  some- 
what beneath  the  lateral  mar^,  which  supplies  the  edges  and  inferior 
surface  of  Uie  tip  of  the  tongue,  and  inosculatos  with  the  Lingual  branch  of 
the  5tfi.    On  the  other  hand,  the  upper  surface  of  the  front  of  the  tongue 


CEPHALIC  NEBVES.— GLOSSO-PHARYNGEAL  NERVE. 


513 


is  supplied  by  this  Lingual  branch, 
whose  conclusions  are  bome-out  by 
Dr.  J.  Keid,  decidedly  support  the 
conclusion,  that  the  gustative  sen- 
sibility of  this  part  of  the  tongue  is 
chiefly  due  to  the  latter  nerve,  being 
evidently  impaired  by  division  of  it. 
On  the  other  hand,  it  is  equally 
certain,  that  the  sense  of  taste  is  not 
destroyed  by  section  of  the  Lingual 
nerve  on  each  side;  and  it  seems  also 
well  ascertained,  that  it  is  impaired 
by  section  of  the  Glosso-pharyngeal 
nerve. — The  pathological  evidence 
bearing  upon  this  point  appears  some- 
what contradictory.  Numerous  cases 
have  been  recorded,*  in  which  both 
common  and  gustative  sensation  were 
destroyed  in  the  parts  of  the  tongue 
supplied  by  the  5th  pair,  when  that 
nerve  was  paralyzed ;  in  some  of  these, 
the  loss  of  the  sense  of  taste  appeared 
to  extend  itself  to  the  base  of  the 
tongue,  but  then  there  was  evidence 
that  the  Glosso-pharyngeal  was  in- 
volved in  the  paralysis.  On  the  other 
hand,  cases  of  paralysis  of  the  5th 
pair  are  related  by  Mr.  Noble  and  by 
Vogt,'!'  in  which  common  sensation 
was  lost,  whilst  the  sense  of  taste  re- 
mained in  the  same  parts ;  and  Mr. 
Noble  relates  another  case,|  in  which 
there  was  loss  of  taste  without  impair- 
ment of  common  sensation.  The 
cases  of  Mr.  Noble  and  Vogt  would 
seem  to  indicate  that  the  5th  pair 
does  not  minister  to  the  sense  of 
Taste;  but,  as  Dr.  J.  Reid  has  justly 
observed,  we  have  no  evidence  that 
all  the  filaments  of  the  5th  pair  sent 
to  the  tongue  were  affecteid;  and 
there  is  believed  to  be  no  case  on  re- 
cord, in  which  the  whole  of  the  5th 
pair,  or  of  its  3rd  branch,  was  foimd 

*  See  especially  the  cases  recorded  by 
Komberg,  in  "MUUer^s  Archiv,"  1888,  heft 
iii. ;  Todd  and  Bowman,  in  '*  Physiological 
Anatomy,"  toI.  i.  p.  445;  and  Dixon,  in 
"Mcd.-Chir.  Trans.,"  vol.  xxviii. 

t  '*  Medical  Oazette,"  Oct.  25, 1884 ;  and 
"Mailer's  ArchiT,"  1840,  p.  72. 

t  "Medical  Gazette^"  Nov.  21, 1835. 


The  experiments  of  Dr.  Alcock, 
Fig.  119. 


Origin  and  distribntion  of  the  Eiffkfk  Pair  of 
nerves :— 1, 3, 4.  The  Medulla  Oblongata.  1.  The 
Corpni  Pyramidale  of  one  side.  3.  The  Corpus 
Oliyare.  4.  The  Corpus  Restiforme.  2.  The  Pons 
VaroHL  6.  The  Facial  nerre.  6.  The  oriffin  of 
the  &lo»ao-pkatyMeal  nerve.  7.  The  ganglion  of 
Andersch.  8.  The  trunk  of  the  nenre.  9.  The 
Spinal  Acee$$ory  nerre.  10.  The  ganglion  of  the 
Pneumoffotirie  nerre.  11.  Its  plexUbrm  ganglion. 
12.  Its  trunk.  13.  Iti  pliarrngeal branch  forming 
the  pharyngeal  plexus  (14)  assisted  by  a  branen 
from  the  glosso-pharyngeal  (8)  and  one  from 
the  superior  laryngeal  nerre  (16).  16.  Cardlae 
branches.  17.  Recurrent  laryngeal  branch.  18. 
Anterior  pulmonary  branches.  19.  Posterior  pul- 
monary bruiches.  20.  (Esophageal  plexus.  81. 
Gastric  branches.  22.  Origin  of  the  Spinal  Aooss- 
sory  nerre.  23.  Its  branches  distributed  to  the 
Btemo-mastoid  muscle.  24.  Its  brandhss  to 
the  trapezius  muscle. 
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to  be  diseased  after  deatk,  and  in  which  dm*mg  life  the  aenae  of  Tastse 
had  been  retained  in  the  anterior  and  middle  parta  of  the  tongue,  Ilenc0 
these  cases  only  serve  to  indicate  what  is  probable  on  other  groundi? ; 
vb,,  that  the  filaments  which  convey  giislative  irafjresaiocs  are  not  tlie 
same  with  those  that  minister  to  commoa  sensation, — On  the  whole, 
then,  it  Boems  to  be  proved  by  anatomical  and  experimental  evidence, 
that  both  the  GlosBo-pliaryngeal  and  the  Fifth  pair  minister  alike  to  the 
iactite  and  to  th^gu&tutive  sense;  and  there  m  nothing  in  the  patliologicaJ 
facta  juat  noticed,  t)iat  militates  against  this  conclusion.  There  seems 
good  reason  to  believe  the  Glosso^pharyngeal  to  be  exclusively  the 
nerve,  through  which  the  impressions  made  by  disagreeable  substances  taken 
into  the  mouth  are  propagiited  to  the  Medulla  Oblongata,  so  as  to  produce 
Tiausea  and  to  exeite  eiforts  to  vomit.  The  nmnber  of  fibres  in  this  nerve 
ia  about  3500. 

48  L  The  fimctions  of  tJie  jPneumoffaMric  nerve  at  its  'roofs  have 
been  made  the  subject  of  particular  examination  by  various  experi- 
menters ;  some  of  whom  (for  instance,  Valentin,  Longet,  and  Mor* 
ganti)  have  ooncluded  thai  it  there  possesses  no  motor  power,  but  is 
entirely  a  Bensory  or  rather  an  afferent  nerve.  According  to  these, 
if  the  rootSj  containing  about  4000  smaller  and  5000  larger  tubules, 
be  carefully  separated  from  those  of  the  GloBao-pharyngeal,  and  (whidi 
is  a  matter  of  some  difi^culty)  fom  those  of  tlie  Spinal  Accessory 
nervo,  and  be  then  irritated^  no  movements  of  the  organs  supplied  by 
its  trunk  can  be  observed :  whilst,  if  the  roots  be  irritated  when  in  con- 
nection with  the  nervous  centres,  muscular  contractions,  evideotly  of  a 
reflex  character,  result  firom  the  irritation ;  an<l  strong  evidences  of  their 
sensibility  are  also  given.  It  has  been  furtlier  asserted  that,  when  tlie 
roota  of  the  Spinal  Accessory  nerve  are  irritated^  no  indications  of  sensa- 
tion are  given ;  but  that  the  muscular  parts  supplied  by  the  Pfiourao- 
gastric^  as  well  as  by  its  own  trunk,  are  made  to  contract,  even  when  tlie 
roots  are  separated  trom  the  nervous  centres;  so  that  these  roots  must  be 
regarded  as  the  channel  of  the  motor  influence  transmitted  to  them  from 
the  Medulla  Oblongata.  Where  the  Pnemnogastric  swelb  into  the  jugular 
ganglion,  an  interehange  of  fibres  takes  place  between  it  and  the  Spinal 
Accessory  5  and  it  aeems  clear  tlmt  the  pharyrigeal  l>ranches,  which  are 
among  the  moat  decidedly  motor  of  all  those  given -off  from  the  Pnounio* 
gastric,  may  in  great  part  be  traced  backwards  into  the  Spinal  AciMissory. 
— But,  on  the  other  handj  an  equally  numerous  and  trustworthy  set  of 
experimenters  (among  whom  may  be  mentioned  J.  Heid^  Mliller,  Volk- 
inann,  Stilling,  Wagner ,  and  Bernard)  are  opposed  to  this  opinion; 
maltitaining  tliat  the  Pneumogastric  has  motor  roots  of  its  own;  and 
affirming  that  irritation  of  the  roots  of  the  Spinal  Accessory  produces 
little  or  no  effect  on  the  muscle  supplied  by  the  trunk  of  the  Pur  Vagum. 
In  the  careful  experiments  of  MSL  v.  Kempen  and  Thiernesse,^  the 
causes  of  these  discrepancies  have  been  elucidated,  for  they  have  shown 
that  if  irritation  be  applied  to  the  roots  of  either  the  Spinal  Accessory  or 
Pneumogastric  nerves,  t^ntractions  occur  in  the  oesophagus,  in  the  con* 
itrictor  muscles  of  the  p>liarynx,  and  in  the  internal  muscles  of  the  larynx; 
and,  in  addition,  when  tlie  Spinal  Accessory  roots  were  irritated^  In  the 
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trapezius  and  stemo-mastoid  muscles.  If,  however,  the  roots  of  the 
Pneumogastric  nerves  be  divided,  and  irritation  be  again  applied  to  the 
roots  of  the  Spinal  Accessory,  no  movements  are  observed  except  in  the 
trapezius  and  stemo-mastoid  muscles.  Hence  it  would  appear  that  in  the 
former  instance,  the  oesophageal  and  laryngeal  movements  were  occasioned 
by  a  reflex  action  conveyed  to  the  Medulla  Oblongata  by  centripetal  or 
sensory  fibres  in  the  Spinal  Accessory,  and  reflected  down  to  the  muscles 
by  motor  fibres  in  the  Pneumogastric  nerves,  the  communication  between 
the  two  nerves  being  eflected  by  a  chain  of  ganglionic  nerve-cells  in  the 
Medulla.  This  view  receives  strong  confirmation  from  another  series  of 
experiments  performed  by  M.  v.  Kempen,  who  foimd  that  if  the  supposed 
commimication  in  the  Medulla  between  the  two  nerves  were  divided  by  a 
transverse  section  carried  between  their  respective  origins,  irritation  of 
the  posterior  cut  surface  of  the  Medulla  or  of  the  roots  of  the  Spinal 
Accessory  was  only  followed  by  movements  in  the  sternomastoid  and  tra- 
pezius muscles;  whilst,  when  the  same  irritation  was  applied  to  the 
upper  ejctremity  of  the  Medulla  or  to  the  roots  of  the  Pneumogastric, 
contractions  occurred  in  the  muscles  of  the  pharynx  and  larynx.  Hence 
we  may  conclude  that  the  Pneumogastric  itself  contains  the  motor  fibres 
which  act  on  the  muscles  of  the  phaiynx,  oesophagus,  and  larynx ;  although 
it  probably  receives  additional  motor  fibres  from  the  Spinal  Accessory,  and 
supplies  that  nerve  with  afferent  fibres. 

482.  There  can  be  no  doubt  that  the  trunk  of  the  Pneumogastric  is  to 
be  considered  as  a  nerve  of  double  endowments ;  although  it  is  certain 
that  these  endowments  are  very  differently  distributed  amongst  its 
branches.  That  the  nerve  is  capable  of  conveying  those  impressions 
which  become  sensations  when  communicated  to  the  sensorium,  is  experi- 
mentally proved  by  the  ^t,  that,  when  its  trunk  is  pinched,  the  animal 
gives  signs  of  acute  pain :  but  it  is  also  evident  from  the  painftd  con- 
sciousness we  occasionally  have,  of  an  abnormal  condition  of  the  organs 
which  it  supplies.  Thus,  the  suspension  of  the  respiratory  movements 
gives  rise  to  a  feeling  of  the  greatest  imeasiness,  which  must  be  excited 
by  impressions  conveyed  through  this  nerve  from  the  lungs ;  and  an 
inflamed  state  of  the  walls  of  the  air-passages  causes  the  contact  of  cold 
and  dry  air  to  produce  distressing  pain  and  irritation :  yet  of  the  ordinary 
impressions  conveyed  from  these  organs,  which  are  concerned  in  pro- 
ducing the  respiratory  movements,  and  in  regulating  the  actions  of  the 
glottis,  we  are  not  conscious.  The  same  may  be  said  of  the  portion  of 
the  nerve  distributed  upon  the  alimentary  tube:  for  the  pharyngeal 
branches  are  almost  exclusively  motor,  the  afferent  function  being  per- 
formed by  the  glosso-phar3mgeal ;  whilst  the  oesophageal  and  gastric  are 
both  afferent  and  motor,  conveying  impressions  which  excite  reflex  move- 
ments in  the  muscles  of  those  parts,  but  which  do  not  become  sensations 
except  under  extraordinary  circumstances. — The  participation  of  this 
nerve  in  the  operations  of  Deglutition,  Digestion,  Circulation,  and  Respi- 
ration, and  the  effects  of  injury  to  its  trunk  or  branches,  have  already 
been  considered  in  the  accoimt  of  those  fimctions.* 

*  For  recent  obaenrations  on  the  function  of  the  Pneumogastric  Nenre  as  a  oo-ordinator 
for  the  moscnlar  movements  oocnrring  in  swallowing,  see  Ghauveau,  "  Journal  de  la 
Physiol.,"  torn.  t.  pp.  190  and  823  ;  and  for  a  very  careful  inquiry  into  the  effects  of  sec- 
tion of  this  nenre  in  producing  pulmonary  lesions,  see  Bodd&rt  in  idem,  pp.  442  and  527. 

L  L  2 


516 


FtmCTIOKS  OF   THE  CEREBRO-SPHTAL  FERVOtTS  STSTEH* 


483*  In  reganl  to  the  frnictions  of  tlie  Spinal  Accessory  nerve,  also, 
there  has  been  great  diirerence  of  opiDion  ;  the  peculiarity  of  its  origin 
and  course  having  led  to  the  beUef,  that  some  very  especial  purpose  is 
answered  by  it.     It  may  be  said  to  have  three  roots  of  origin  (Lackhart 
Ckrke),  one  from  tJie  anterior  grey  eubatance  of  the  Spinal  Cord,  a  second 
from  the  nucleus  of  the  Hypoglossal  nerve,  and  a  third  (Tom  the  tract  ofj 
vesicnlar  subatance  in  the  Medulla  Oblongata,  common  to   it  and  thg 
Vagns  nerve.     The  trunk  contain  a  from  2000  to  2500  tubiiles-     The' 
predominance   of  motor   fibrea   in  its  roota,  its  inosculation  with   Uie 
PneuTnogaatric^  and  its  probable  reception  of  senaory  fibres  from  tlje 
latter,  whilst  imparting  to  it  motor  filaments,  have  been  already  referred-to 
(S  4:til )»    Am  its  trunk  passes  through  the  foramen  laoerum,  it  divides  into 
twobmuehes;  of  which  the  internal^  after  giving-off  Bome  filaments  that 
assist  in  forming  the  pharyngeal   braxich  of  the  Pneumogastric,  become 
iQCOTporated  with  the  trunk  of  that  nerv  e ;  whilst  tJie  external  ^ 
OUtwarda,  and  is  finally  distributed  to  the  stern o- mastoid  and  trapezius! 
muades,   some  of  ita  filaments  inoaci dating  with  tliosa  of  the   cervical  i 
plexus,     Wlien  the  external    branch   is   irritated,  before   it   perforates 
the   stemo-mastoid   muscle,   vigorous    convukive   movements    of    tbatj 
muscle  and  of  the  trapezius  are  produced ;  and  the  animal  does  not  giv^ 
any  aigns  of  pain,  unless  the  nerve  be  firmly  compreaaed  between  th©"* 
forceps,  or  be  included  in  a  tight  ligature.     Hence  it  may  he  inferred 
that  the  functions  of  this  nerve  are  chiefly  motor,  and  that  its  senaory 
filaments  are  few  in  number.     Further,  when  the  nerve  has  been  cut- 
across,  or  firmly  tied,  irritation  of  the  lower  end  is  attended  by  the  samQ 
convulsive  momenta  of  the  mueeles  :  whilst  irritation  of  the  upper  end  m^ 
connection  with  the  spinal  cord,  after  section  of  thePneiimogastric  Nerrea 
(§  481),  is  imattended  with  any  mujscnlar  movement.     Hence  it  is  dear 
that  the  motiona  in  the  stemo-mastoid  and  trapezius  muscles^  occasionedl 
by  irritating  it,  are  of  a  directj  not  of  a  reflex  character;  though  thai 
movements  which  occiu'  in  the  laryngeal  and  phaiyngeal  muscles,  on 
irritation  of  the  centric  extremity,  are  unquestionably  reflex  in  their 
nature -^ — ^ According  to  Sir   C,   Bell^  the  Spinal  Accessory  ts  a  purely 
Respiratory  nerve,  whose  ofllice  it  is  to  excite  the  involuntary  or  ant<>- 
matic  movements  of  the  muscles  it  supplies,  which  ahare  in  the  act  of 
respiration  ;  and  he  states  that  the  division  of  it  paralyzes,  as  muscles  of;] 
respiration^  the  muscles  to  which  it  is  diatributed ;  tliough  they  still  per-^ 
form  the  voluntary  movements,  through  die  medium  oi*  the  spinal  nerveSi.1 
Both  Valentin  and  Dr.  J.  Reid,  however,  positively  deny  that  this  is  the 
case  \  and  Dr.  Keid's  method  of  experimenting  was  well  adapted  to  test 
the  truth  of  the  insertion,*     The  functions  of  this  nerve  have  been  made 
the  subject  of  special  examination  by  M.  CL  Bernard  ;f  who  has  arrived 


*  Se«1)»  "  FfijsioLi  FAtlioL,  and  Aaat.  fiesearches,*'  p*  161  ;  ftnd  '*  Edinb,  Med  uid 
Snrg^  Joarn.,"  J&ti.  1S3S. 

t '  Eaelierebes  Sipfirimetjtde*  s«r  Im  Foootioas  da  Nerf  Spinal/  in  "  Archives  ( 
M^dediie,^  lS44.^TIii»  Memair,  haying  guined  the  prize  givca  bj  the  Aciidi<mi«  dan 
Seieaoeft  far  sxpenmeutal  phykiologj  m  1 84  5,  has  bcca  printed  in  the  '*  Heeacil  dee  Ba?aiiti 
itiviigers,*^  torn.  xL,  1S51 ;  and  the  nnthor  atatea  that  ainoe  the  fiTSi  publiciLtlnn  af  his 
maearchee,  he  hh»  con  Armed  hie  original  coaclustouff  hy  the  repetition  and  vanatitin  uf  hia 
«xperLinenta.  Son  aim  M.  Hemard'i  '' Le^ona  ear  la  Fhj'a*  dn  Sj«t^e  Nerr^oK/' 
torn.  iL  PL  279et§eq.,  185S, 
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at  the  conclusion  that  the  Spinal  Accessory  is  essentially  a  motor  nerve, 
whose  action  is  not  exclusively  requisite  for  the  ordinary  movements  of 
respiration,  these  being  provided-for  by  the  Pneumogastric  and  ordinary 
Spinal  nerves ;  but  that  its  special  function  is  to  bring  l£e  respiratory  move- 
ments into  accordance  with  the  requirements  of  Animal  life,  adapting  the 
actions  of  the  muscles  of  the  larynx  and  thorax  to  the  production  of  voice^ 
or  to  general  muscular  effort.  The  internal  branch,  which  is  specially 
distributed,  with  the  fibres  of  the  Pneumogastric,  to  the  pharynx  and 
larynx,  is  peculiarly  subservient  to  the  former  of  these  purposes ;  and  the 
external  to  the  latter.  This  conclusion  is  sufficiently  in  accordance  with 
the  results  obtained  by  other  experimenters,  to  be  received  as  a  probable 
explanation  of  the  facts  which  have  been  observed  by  them. 

484.  The  Hypoglossal  nerve,  or  Motor  LingucBj  is  the  only  one  which, 
in  the  regular  order,  now  remains  to  be  considered.  This  nerve  contains 
from  4500  to  5000  nerve-fibres.  That  the  distribution  of  this  nerve  is 
restricted  to  the  muscles  of  the  tongue,  is  a  point  very  easily  established 
by  anatomical  research ;  and  accordingly  we  find  that,  long  before  the 
time  of  Sir  C.  Bell,  Willis  had  spoken  of  it  as  the  nerve  of  the  motions  of 
articulation,  whilst  to  the  Lingual  branch  of  the  5th  pair  he  attributed 
the  power  of  exercising  the  sense  of  taste ;  and  he  distinctly  stated,  that 
the  reason  of  this  organ  being  supplied  with  two  nerves,  is  its  double 
function.  The  inference  that  it  is  chiefly,  if  not  entirely,  a  motor  nerve, 
which  has  been  foimded  upon  its  anatomical  distribution,  is  supported 
also  by  the  nature  of  its  origin,  which  is  usually  from  a  single  root,  cor- 
responding to  the  anterior  root  of  the  Spinal  nerves.  Experiment  shows 
that  when  the  trunk  of  the  nerve  is  stretched,  pinched,  or  galvanized, 
violent  motions  of  the  whole  tongue,  even  to  its  tip,  are  occasioned ;  and 
also  that  similar  movements  take  place  afler  division  of  the  nerve,  when 
the  cut  end  most  distant  from  the  brain  is  irritated.  In  regard  to  the 
degree  in  which  this  nerve  possesses  sensory  properties,  there  is  some 
difference  of  opinion  amongst  physiologists,  foimded,  as  it  would  seem,  on 
a  variation  in  this  respect  between  different  animals.  Indications  of  pain 
are  usually  given  when  the  trunk  is  irritated  afler  its  exit  from  the 
craniimi ;  but  these  may  proceed  from  its  free  anastomosis  with  the 
cervical  nerves,  which  not  improbably  impart  sensory  fibres  to  it.  But 
in  some  Mammalia,  the  hypoglossal  nerve  has  been  foimd  to  possess  a 
small  posterior  root  with  a  ganglion  ;  this  is  the  case  in  the  Ox  and  Cat, 
and  also  in  the  Rabbit ;  and  in  the  latter  animal,  Valentin  states  that 
the  two  trunks  pass-out  from  the  cranium  through  separate  orifices,  and 
that,  afler  their  exit,  one  may  be  shown  to  be  sensory,  and  the  other  to 
be  motor.  Hence,  this  nerve,  which  is  the  lowest  of  those  that  originate 
in  the  cephalic  prolongation  of  the  spinal  cord  generally  known  as  the 
Medulla  Oblongata,  approaches  very  closely  in  some  animals  to  the  regular 
type  of  the  spinal  nerves ;  and  though  in  Man  it  still  manifests  an  irr^u- 
larity,  in  having  only  a  single  root,  yet  this  irregularity  is  oflen  shared 
by  the  first  cervical  nerve,  which  also  has  sometimes  an  anterior  root 
only.* — The  Hypoglossal  nerve  is  distributed  not  merely  to  the  tongue, 
but  to  the  muscles  of  the  neck  which  are  concerned  in  the  movements  of 
the  larynx ;  and  the  piupose  of  this  distribution  is  probably  to  associate 

*  See  Yulpian^B  '  Essay  on  the  Posterior  or  Ganglionic  Boot  of  the  Hypoglossal  Nerre 
in  various  Animals,*  "  Joomal  de  la  Physiologie,'*  1862,  p.  5. 
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them  in  tbose  actions  which  are  nec€ffiary  fcr  art Ic dilate  speech,  Thougl 
ait  the  motioiis  of  the  tongue  are  perfonned  tlirough  the  medium  of  thii^ 
nerve,  yet  it  would  appear,  from  patholo^cal  phenomena,  to  have  at  leaat 
two  distinct  coTinections  with  the  nervous  centres ;  for  in  many  cases  of 
paraiyBia,  the  maatjcatory  movemeiits  of  the  tongue  are  but  little  a^ected, 
when  tlie  power  of  articulation  is  much  injured  or  totally  destroyed;  audi 
the  converge  may  be  occasionally  noticed.  When  this  nerve  is  paralyzed! 
on  one  side,  in  hemiplegia,  it  will  be  generally  observed  t!)at  the  tongue, 
when  the  patient  is  direet^d  to  put  it  out,  is  projected  towards  the  paMed 
aide  of  the  face ;  this  is  due  to  the  want  of  action  of  the  lingual  mtiscle 
of  that  side,  which  do  not  aid  in  puehing-forward  the  tip;  the  point  i^ 
consequently  directed  only  by  the  muscloB  of  the  other  side,  which  will 
not  act  in  a  straight  direction,  when  tmantagonized  by  their  fellows*  It 
ia  a  curious  tactj  however,  that  the  Hypoglossal  nerve  seems  not  to  be 
always  palsied  on  the  same  side  with  the  Facial,  but  sometimes  on  th©j 
other.  This  has  been  suggested  to  be  due  to  the  originBtion  of  the  : 
of  this  nerve  from  near  the  point  at  which  the  pyramidB  of  the  medulla 
oblongata  decussate,  so  tbat  some  of  its  fibres  come-off,  like  those  of  the 
spind  nerves,  without  crowing,  whilst  others  are  transmitted  to  thej 
opposite  aide^  like  tlioae  of  the  higher  cephalic  nerves ;  and  the  catise  < 
paralysis  may  affect  one  or  other  of  these  sets  more  particularly.  What- 
ever may  he  the  validity  of  this  explanation,  the  circums^ce  is  an 
interesting  one  and  well  worthy  of  attention.* 

485.  The  general  homaiogt/  of  the  CephaHc  nerves,  considered 
with  reference  to  the  ordinary  Spinal,  constitutes  a  study  of  much 
interest.  It  appears,'  from  what  has  been  already  stated,  that  the 
Pneuntogastrie,  Spinal  Accessory,  Glosao-phaiyngeal,  and  Flypoglosi 
uerves,  may  be  considered  nearly  in  tlie  light  of  ordinary  Spiiial  nerves. 
They  all  take  their  origin  exdi^vely  in  the  Metlulla  Oblongata;  and  the 
want  of  correspondence  in  position  between  their  roots  and  those  of  the 
8pinal  nerves,  is  readily  aceounted-for,  by  the  alteration  in  the  direction 
of  the  columns  of  the  Spinal  cord,  which  not  only  decussate  laterally,  but, , 
as  it  werCj  antero-posteriorly  (§  475).  The  Hypoglossal,  as  just  stat^  J 
not  unfrequently  possesses  a  sensory  in  addition  to  its  motor  root  Th6 
Glosso-pharyngealf  which  is  principally  an  afierent  nerve^  has  a  smaU 
motor  root ;  but  most  of  the  motor  fibres  whidi  answer  to  it  are  to  bo  i 
found  in  the  Poeumogastric*  That  the  I^eumogastric  and  Spinal  Ac- 
cessory together  represent  a  Spinal  nerve,  may  be  regarded  as  prolmbla 
from  what  has  been  already  said  of  their  relations, — Leaving  these  nerves 
out  of  the  question,  therefore,  wo  proceed  to  the  rest.  Comparative 
anatomy,  and  the  study  of  Enihryonic  development^  alike  sliow  that  the 
Spina]  Cord  and  MednUa  Oblongata  constitute  the  most  essential  part  of  ] 
the  nervous  system  in  Yertebrata }  and  that  the  Cerebral  Ilemiapherea 
are  superadded,  as  it  were^  to  this.  At  an  early  period  of  development, 
tlie  Eneephalon  consiste  chiefly  of  four  vesicles,  which  correspond  with  the 
giinglionic  enlargements  of  the  nervous  cord  of  the  Articulata,  and  mark  hur 

*  It  msf  be  qu€itioD«d,  howcTor,  wliether  the  Hjpogloe»l  ie  n&llj  poraljnd  oa  ilie 
opposite  aide  from  the  PftdAl  in  aucli  e&Bea.  Aa  instauct  lias  1)een  eommuateated  to  tlie 
Author  by  Dr.  W.  Badd,  iii  whkh  the  bjpogloiial  nerve  wm  eompktely  divided  on  otie 
mdti ;  and  jet  ths  tip  of  tbi^  tongue*  when  tbe  padmit  Wtm  deaired  to  put  it  ont^  wam 
ttometimes  diraafc«d  from  and  Eomptimes  fntcardt  the  paMed  eide  ;  BbowrtQg  Ihtki  the 
mtiades  of  eitbcr  half  ajre  tutB^ient  to  give  any  i^eqnired  dir^tion  to  the  whole. 
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divisions  of  the  Cerebro-Spinal  axis ;  and,  in  accordance  with  this  view, 
the  Osteolc^ist  is  able  to  trace,  in  the  bones  of  the  cranium,  elements  which 
present  an  analogy  to  those  that  would  form  four  vertebrse,  in  a  much  ex- 
panded and  altered  condition.  The  four  pairs  of  nerves  of  special  sensation, 
— ^Auditory,  Gustatory,  Optic,  andOl&ctory, — ^make  their  way  out  thnmgh 
these  four  cranial  vertebras  respectively.  At  a  later  period  of  development 
other  nerves  are  interposed  between  these ;  which,  being  intervertebral^  are 
evidently  more  analogous  to  the  Spinal  nerves,  both  in  situation  and  fiinc- 
tion.  A  separation  of  the  primitive  fibres  of  these  takes  place,  however, 
during  the  progress  of  development,  so  that  their  distribution  appears  irre- 
gular. Thus  the  greater  part  of  the  sensory  fibres  are  contained  in  the  large 
division  of  the  Trigeminus ;  whilst  of  the  motor  fibres,  the  anterior  set 
chiefly  pass  forwards  as  the  Oculo-motor  and  Patheticus;  and  of  the  pos- 
terior, some  form  the  small  division  of  the  Trigeminus,  and  others  unite 
with  the  first  pair  fi-om  the  Medulla  Oblongata  to  form  the  Facial.  This 
last  &ct  explains  the  close  union  which  is  foimd  in  Fishes  and  some 
Amphibia,  between  that  nerve  and  those  proceeding  more  directly  from 
the  Medulla  Oblongata.  According  to  Valentin,  the  Glosso-pha^mgeal 
is  the  sensory  portion  of  the  first  pair  firom  the  Medulla  Oblongata,  of 
which  the  motor  part  is  chiefly  comprehended  in  the  Facial  nerve. 
Although  we  are  accustomed  to  consider  the  Fiflh  pair  as  par  eminence 
the  Spinal  nerve  of  the  head,  the  foregoing  statements,  foimded  upon  the 
history  of  development,*  show  that  the  nerves  of  the  Orbit  really  belong  to 
its  motor  portion ;  they  may  consequently  be  regarded  as  altogether  form- 
ing }^Q  first  of  the  intervertebral  nerves  of  the  craniimi.  The  Facial  and 
Glosso-pharyngeal  appear  to  constitute  the  second ;  whilst  the  Par  Vagum 
and  Spinal  Accessory,  forming  the  third  pair,  intervene  between  this  and 
the  true  Spinal,  of  which  the  Hypoglossal  may  be  considered  as  the 
first. 

486.  Functions  of  the  Spinal  Axis, — In  considering  the  functions  of  the 
Spinal  Ck)rd,  we  have  to  regard  it  under  two  aspects ; — ^in  the  first  place, 
as  a  conductor  of  nervous  force  between  the  Nerve-trunks  and  the  Ence- 
phalic centres ; — and  in  the  second  place,  as  itself  an  independent  centre 
of  nervous  power.  As  a  mere  conductor  of  nervous  force,  its  functions 
are  the  same  as  those  of  a  nerve-trunk  ;'|'  for  if  it  be  divided,  all  the  parts 
of  the  body  which  are  solely  supplied  by  nerves  coming-ofiT  below  the 
point  of  section  are  completely  paralyzed,  as  fiir  as  regards  sensibility 
and  voluntary  movement ;  no  impressions  made  upon  them  having  the 
least  power  to  affect  the  consciousness,  and  no  exertion  of  the  will  being 
able  to  determine  contraction  of  their  muscles.  This  state  oi paraplegia, 
which  may  be  experimentally  induced  in  animals,  is  firequently  exhibited 
in  Man  as  a  result  of  injury  or  of  disease  which  seriously  implicates  the 
Spinal  Cord ;  and  as  it  has  been  shown  that  among  the  lower  animals 
complete  reunion  of  the  CJord  may  take  place  after  complete  division,  as 
indicated  by  the  entire  restoration  of  its  functional  powers  and  the  com- 

*  On  this  point,  as  well  as  on  the  f  onctions  of  the  Cephalic  nenres  generally,  see  Prof. 
Valentin,  "De  Functionibus  Neirorom  Gerebralium  et  Nerri  Sympathici,*'  Bema, 
1889. 

t  Valentin  ('^Die  Zncknngsgesetze  des  lebenden  Nerren  nnd  Moskels,**  1868,  p.  86) 
obserres  that  the  whole  Spinal  Cord  behaves  like  a  large  nerre  on  applying  electrical 
stimnlation  to  it,  though  its  irritability  is  yery  rapidly  exhausted. 
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plete  redintegration  of  its  structure,*  so  have  wo  roason  to  believe  that  A 
iimilar  regetierution  may  take  place  to  a  consklerable  extent  in  Man,  thJs 
being  marked  by  the  gradual  return  of  sensibility  and  power  of  voltmtaiy 
movement  in  the  lower  limbs  which  had  been  at  first  completelj  para^ 
Ijzed.  Thia  regeneration  is  of  course  less  likely  to  occur  in  cages  of 
diseaaef  when  the  parts  around  are  in  an  unhealthy  state,  than  wh^n  the 
pan^yais  b  due  to  injury,  which  all  tlie  reatorative  powers  of  the  system 
are  engi^ed  in  Tepairing ;  bnt  it  is  to  be  remembered,  that  as  the  injuries 
which  are  likely  to  cause  such  lesions  of  the  Cord  are  nearly  alw&jB 
attended  with  severe  concussion  (it  being  very  rare  for  the  Cord  to  be 
accidentally  wounded  by  the  penetration  of  a  sliarp  instrument  between 
the  vertebriP-^  in  the  mode  in  whicli  experiments  are  made  upon  animals), 
some  of  their  first  efl^ects  are  attributable  to  the  shock  which  it  has  sus- 
tained ;  so  that  the  partial  recovery  which  takea-place  at  an  early  period, 
must  not  be  regarded  as  the  result  of  regeneration  of  nervous  tissue, 
which  requires  a  much  longer  time  for  its  completion. — The  conducting 
power  of  the  entire  Spinal  Cord  being  dius  establiabed,  we  have  neact  to 
inquire  whether  any  diifereace  in  endowment  caa  be  shown  to  exist  m 
its  sen^eral  cohunns. 

487.  Th&  Spuml  Cord  comidei^d  m  a  CfinducUfr  cf  Sensory  Impres- 
swn^. — The  accuracy  of  the  description  given  by  Mr,  Lockhart  Clarke 
(§  469)  of  the  course  pursued  by  the  fibres  of  the  posterior  roots  of  the 
Spinal  nerves,  has  been  materially  corroborated  by  the  experiments  of 
M.  Brown* S^nardf  and  many  other  physiologists.  Considerable  dif- 
ferences of  opinion,  however,  still  exist  on  various  poiats,  which  require 
to  be  cleared -up  by  future  investigation.  According  to  M,  Brown* 
Seqiiardj  all  the  fibres  of  the  posterior  roota,  either  immediately  or  after 
a  short  ascending  or  descending  course,  cross  the  median  line,  and  enter 
the  grey  mzbstance  of  the  opposite  side,  in  which  diey  ascend  to  the 
Medulla  Oblongata  {see/>  r,  Fig.  120),  As  a  consequence  of  this,  if  a 
section  be  made  tlu-ough  one  hah"  of  the  Cord  (as  at  3),  it  follows  that 
whilst  the  sensibility  of  that  side  of  the  body  vrliich  corresponds  to  the 
section  wiQ  remain  perfect,  that  of  the  opposite  side,  will  be  wholly 
destroyed;  or  if,  as  occasionally  happens,  some  indications  of  sensibility 
still  persist,  they  are  attributable  only  to  the  pain  occasioned  by  rellex 
muscuLir  convulsions  on  that  side*}  And  again,  it  ia  obvious  that  if  a 
longitudinal  section  of  the  Cord  be  made,  dividing  it  into  two  lateral 
halves^  sensibility  will  be  totally  extinguished  on  l>oth  sides  of  the  body; 
for  such  a  section  would  obviously  divide  all  the  sensory  nerves  entering 
the  COrd,  as  they  all  docusate  in  the  median  line.  According  to  M- 
Brown-Sequard,  this  is  actually  the  result  obtained.  Other  ot>s€rverB, 
however,  as  Or^^^^  Longet,|  aiid  BchifF,!!  though  admitting  there  is  great 
diminution  of  seasibiUty  alter  a  longitudttial  division  of  the  Cord,  yet 
maintain  that  distinct  evidence  of  the  conduction  of  sensory  impressions 
may  still  be  obtained ;  and  it  seems  probable  Irom  their  experiments,  that 

"  8eo  tlie  ftdroirable  Tese&rd^Ga  of  M.  Brown<S£qaarcl,  in  ^^GnzetU;  M^dicidG,'*  1&40, 
N«,  45,  uid  1850,  No.  30 ;  aU  th«  "  Compies  Rendua  de  la  8odm  d^Bioh^"  li4», 

urn. 

t  *'Centm!  Nervoas  Sjstem,"  I860.  tOp,  cit.,  p.  85. 

i  "  Coiuptea  B^nfluB,'*  totn-  utxtiii*  1854,  p*  0SO  ;  **OoiapteaEeiidui  de  1a  So«ilt^  db 
Biolijgie,"  ¥.  p.  302- 
II  *'  Phjiiologie;^  1860,  vol  ii.  p.  373.  %  **Fhjm\i^*'  1U%  p.  2^4. 
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some  few  fibres  may  ascend  in  the  grey  substance,  or  in  the  posterior 
white  columns  of  their  own  side.  Perhaps  the  discrepancies  in  the  results 
of  the  operation  are  due  to  different  animals  having  been  employed  for 
experiment ;  for  M.  Brown- S^uard  has  himself  observed  that  the  decus- 
sation of  the  sensory  fibres  is  neither  so  complete  nor  immediate  in  Reptiles 
and  Birds  as  in  Mammals,  and  that  it  does  not  seem  to  be  so  perfect  in  the 
limibar  as  in  the  dorsal  r^on.*  There  can  be  little  doubt  that  the  grey 
substance  is  essentially  the  channel  through  which  sensory  impressions 
are  conducted  upwards ;  for  if  the  anterior,  posterior,  and  antero-lateral 
columns  are  divided  as  completely  as  possible,  the  grey  substance  remain- 
ing uninjured,  the  sensibility  of  the  parts  below  the  section  continues 
perfect,  or  nearly  so  ;f  whilst,  however  carefully  the  white  columns  are 
preserved  from  injury,  if  the  grey  substance  be  divided,  sensibility  is 
almost  totally  extinguisjied.  It  is  remarkable,  however,  that  the  smallest 
longitudinal  column  or  transverse  layer  of 
the  grey  substance  remaining  perfect  may 
serve,  to  a  certain  limited  extent,  as  the 
means  of  conduction  for  either  side.  The 
central  portions  of  the  grey  substance  are, 
as  M.  Brown- Sequard  has  shown,  the 
most  effective  in  the  transmission  of  sen- 
sations ;  much  more  so,  at  all  events,  than 
either  the  anterior  or  posterior  cornua. 
The  circumstance  that  if  the  posterior 
white  columns  be  divided,  the  surface  of 
the  caudal  segment  of  the  cord  is  as  sen- 
sitive or  even  more  sensitive  than  that  of 
the  cephalic  segment,  is  explained  by  M. 
Brown- S^quard  on  the  ground  that  some 
of  the  sensory  fibres  of  the  posterior 
roots  descend  for  a  little  way  in  these 
columns  before  crossing  to  the  oppo- 
site side ;  whilst  Schiff  appears  to  consider  that  it  is  attributable  to 
the  power  he  believes  the  grey  substance  (some  of  which  must  always 
be  exposed  in  such  sections)  to  possess  of  conducting  in  any  direction, 
laterally  as  well  as  longitudinally.  M.  Brown-S^quard  has,  however, 
adduced  very  strong  evidence  in  favour  of  there  being  fixed  channels  for  the 
conduction  of  sensory  impressions,  the  presence  of  some  of  which  cannot 
compensate  for  the  absence  of  others ;  indeed,  he  maintains  that  there  are 
special  conductors  in  the  Spinal  Cord  for  the  sensations  of  touch,  pain,  tem- 
perature, and  muscular  contraction,  none  of  which  can  convey  other  sensa- 
tions than  their  own.  Notwithstanding  its  singular  power  of  conducting 
sensory  impressions,  numerous  experiments  have  shown  that  the  grey  sub- 
stance of  the  Spinal  Cord  is  itself  insensible  ;  a  peculiarity  which  Schiff  J 
has  expressed  by  terming  it  the  *  testhesodic'  §  substance.  The  slight  amoimt 
of  sensibility  which  persists  when  the  grey  substance  is  wholly  destroyed  at 
any  point,  may  perhaps  be  due,  as  Sclnff  ||  maintains,  to  the  passage  of  some 
sensory  fibres  in  the  posterior  columns ;  though,  if  this  be  true,  they  only 
conduct  the  fibres  belonging  to  their  own  side  of  the  body :  or  it  may  be 

♦  Op.  cit.,  p.  37.  t  Schiff,  Op.  cit.,  p.  241.  t  Op.  cit,  p.  247. 

§  From  alaOriaiSf  senBation,  and  oSog,  a  path.  ||  Op.  cit.,  p.  252. 


Diagram  showing  the  eoone  of  Motor 
and  Sensory  Fibres  in  the  Spinal  Cord 
and  Medulla  Oblongata. 
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due,  as  M,  Brown-S^quard  maintains,*  to  tba  posaage  of  a  few  fibres  in  tlie 
anterior  &nd  antero-lateral  wkite  colunms,  deriyed  ^m  the  oppoeite  sid€ 
of  the  body. — A  very  remarkable  result  of  secdon  of  one  half  of  the 
Spinal  Cord  is  tlmtf  besid&s  the  amestbesia  which  is  estfibliEhed  on  the 
oppoaite  side  of  the  body,  there  is  produced  a  state  of  exalted  senaibility 
or  hypera?3thesia  Ott  the  same  iide,j"  This  cooditionj  made  apparent  by 
Uie  cries  of  the  ammal  oa  the  filightest  pricking  or  pinching  of  tlie  skin, 
begins  to  appear  a  few  hours  after  the  opexation,  rapidly  attains  ite  full 
Intensity,  and  continues  to  be  well  marked  for  from  17  to  2^  days  in  dogs, 
and  from  12  to  1(>  days  in  cats;  after  which,  ac^^ording  to  Schiff4  i* 
gradually  decreiises,  until  at  length  the  sensibility  falls  below  its  normal 
acuteness.  M,  Brown -S^quard  has  however  observed  it  to  persist  in 
guinea-pigs,  though  not  in  a  very  high  degree  of  intensity,  for  many  months 
after  the  operation.  The  cause  of  this  phenomenon  has  »ot  been  accu- 
rately determined*  It  is  certainty  accompanied  by  an  increased  flow  of 
blood  and  increased  temperatm^e  of  the  parts  to  which  tlie  nerves  are  dia- 
tributed,  and  hence  M.  Brown -S^qtiard  seems  to  regard  it  as  having  a 
peripheric  origin ;  w!iilst  SchiflT  considers  it  rsither  as  the  result  of  irri- 
tation  (as  from  the  inllanamatory  process)  occurring  at  the  seat  of  injury: 
the  latter  view  is  supported  by  the  observation  of  Cbauvcau^  tliat  it  will 
somedmes  ensue  in  ci^es  when  the  vertebral  canal  has  merely  been  opened, 
apparently  as  a  consequence  of  the  exposure  and  pressiu^  of  tbe  Cord 
against  the  edges  of  the  wound ;  and  also  by  that  of  T^rck,  tliat  hyper> 
leBtheeia  may  sometimes  be  observed  in  frogs  on  the  same  side  of  the  body 
ah&ve  the  section*  Hypen^ttiesia  may  also  be  produced  hf  section  of  tb$ 
anterior  or  posterior  columns  alonG.§ 

488.  The  Cord  m  a  Conductor  of  Motor  Impuhes. — However  di^cult 
it  may  be  to  determine  tlie  exact  channels  by  which  sensory  impressJonB 
are  conveyed  through  the  Spinal  Cord,  the  present  inquiry  seems  to  be 
beset  with  still  greater  uncertainty.  From  the  experiments  of  Brown- 
S^quard,  it  appears  that  the  posterior  white  columns  at  least  take  no  part 
in  the  transmission  of  bucIi  impiUses ;  for  if  these  be  divided  transversely 
in  the  dorsal  region^  no  perceptible  diminution  of  voluntary  motion  occtira; 
whilst  if  tbe  whole  Spinal  Cord  is  divided  with  the  exception  of  these 
columns,  the  power  of  volmitary  movement  appears  to  he  completely 
abolished.  The  results  obtained  by  various  experimenters  show  that  the 
anterior  and  antero-lateral  columns  contain  motor  tracts,  as  was  originally 
held  by  Sir  Charles  Bell ;  for  if  all  the  grey  substance  and  the  posterior 
columns  be  divided,  the  animal  can  still  perform  voluntary  movements; 
whilst  if  at  a  higher  level  the  anterior  columns  alone  be  also  severed, 
leaving  the  remaining  portions  of  the  Cord  untouched,  movement  is  wholly 
lost,  h]  however,  in  the  lower  section  the  anterior  comua  of  the  grey  sub- 
Htance  be  le^  and  the  section  above  be  again  made  only  through  the  white 
anterior  columns^  movements  can  still  be  spontaneously  executed. ||  Con- 
sideraiile  differences,  however^  imdoubtedly  exist  in  die  position  of  the 
motor  tracta  in  different  parte  of  the  Spinal  Cord;  and  M*  Brown- S^quardU 
concludes  from  his  numerous  experiments  on  the  effects  of  section,  that 
whilst  J  in  the  donal  region^  all  parts  of  the  Spinal  Cord  except  the  poate- 

•  Op.  dt.,  p.  23. 

f  See  Brown-S^qu&rd,  ''Centml  Xerrous  Sjstan,*'  1860,  p.  16. 

J  Op.  cit.»  p.  275.  §  Scbiff,  0\%  dt.,  pu  27#» 

II  Bchiff,  Op.  cit.,  p,  28S.  H  Op,  dt.,  p,  46. 
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rior  colnnms  are  employed  in  the  conveyance  of  the  orders  of  the  Will 
to  the  muscles,  in  the  upper  part  of  the  cervical  r^on  most  of  these  con- 
ductors are  in  the  lateral  columns,  and  in  the  grey  substance  between  these 
and  the  anterior  columns,  the  latter  here  having  little  share  in  the  trans- 
mission of  such  impulses.  The  same  observer  has  satisfactorily  shown  that 
the  fibres  which  transmit  motor  impulses  decussate  almost  exclusively  at  the 
lower  part  of  the  Medulla  Oblongata.  (See  a  r,  Pig.  120.)  Hence,  if  a  section 
of  one-half  of  the  Spinal  Cord  be  made  (as  at  3,  Fig.  120),  loss  of  movement 
on  the  same  side  occurs,  in  consequence  of  the  division  of  the  ascending 
motor  fibres  (a  r)  firom  the  anterior  roots;  whilst  if  the  section  be  made  at 
the  level  of  the  decussation  of  the  anterior  pyramids  (as  at  2),  paralysis 
of  the  muscles  of  both  sides  is  produced;  lastly,  if  a  section  be  made  a 
little  higher  (as  at  1),  paralysis  of  the  muscles  of  the  opposite  side  results. 
Numerous  fibres  belonging  to  the  anterior  roots  undoubtedly  decussate 
throughout  the  greater  part  of  the  Spinal  Cord ;  but  these  are  probably  des- 
tined, as  suggested  by  Brown-S^uard,  to  be  channels  for  the  conveyance 
of  reflex  actions.  Schiff  proposes  the  term  "  kinesodic*  substance"  for  the 
material  by  which  motor  impulses  are  conveyed  along  the  Spinal  Cord,  on 
the  ground  that  when  directly  stimulated  the  movements  performed  are  few 
and  imperfect;  and  he  appears  to  think  that  as  with  the  '^asthesodic  sub- 
stance," so  with  the  "kinesodic  substance,"  the  smallest  portion  is 
capable  of  transmitting  motor  impulses  in  any  direction.  M.  A.  Chauveau 
appears  to  agree  with  Schiff  in  this  respect :  for  he  observesf  that  imder 
ordinary  circumstances  neither  motion  nor  sensation  can  be  produced 
(except  in  one  or  two  points)  by  direct  stimidation  of  the  Spinal  Cord ; 
that  the  antero-lateral  colmnns  are  quite  inexcitable,  both  on  their  surface 
and  in  their  deeper  parts,  whether  composed  of  white  or  grey  substance ; 
that  the  posterior  coliunns,  on  the  contrary,  are  very  sensitive  on  their 
surface,  but,  like  the  former,  do  not  respond  to  impressions  made  in  their 
substance ;  that  by  their  reaction  upon  direct  irritation,  pain  and  reflex 
movements  are  produced  when  the  Cord  is  in  connection  with  the  Brain, 
but  as  reflex  movements  alone  when  the  Cord  is  divided ;  that  reflex 
movements  are  the  only  movements  that  can  be  produced  by  direct  irri- 
tation of  the  substance  of  the  Cord,  since  the  irritation  is  not  limited  to 
special  muscles,  but  appears  to  be  propagated  as  a  motor  impulse  both 
upwards  and  downwards  through  the  Spinal  Cord,  so  as  to  implicate 
muscles  above  and  below  the  parts  irritated;  and  lastly,  he  observes 
that  it  is  incorrect  to  speak  of  an  anterior  motor  and  posterior  sensory 
part  of  the  Cord,  since  these  properties  are  not  localized  in  special  tracts. 
The  researches  of  Van  DeenJ  led  on  the  whole  to  the  same  conclusions; 
and  tended,  in  his  opinion,  to  show  that  the  conducting  power  both  of  the 
anterior  and  posterior  columns  was  very  imperfect,  if  their  white  strands 
were  completely  separated  firom  their  grey  matter.  His  experiments  con- 
clusively established  that  the  grey  matter,  as  well  as  the  white,  possessed 
conducting  powers ;  additional  evidence  of  which  is  derived  from  the  cir- 
cumstance, that  it  contains  a  large  amoimt  of  the  fibrous  form  of  nerve- 
tissue,  and  that  the  commissural  connection  between  the  two  lateral 
halves  of  the  Cord  is  established  (according  to  Mr.  J.  L.  Clarke)  by  its 
grey  substance  alone. 

*  From  ctvi)<rtc»  motion,  and  oibg,  a  path. 

+  Brown-S6qiiard's  **Journ.  de  la  PhyBiol.,**  1861,  torn.  iv.  p.  369. 

X  *'Trait6s  and  D^oouyertes  sor  la  Fhysiologle  et  la  Moelle  Bpinidre,**  Leide,  1841. 
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489*  We  have  now  to  consider  the  Spinal  Cord  as  an  independent 
centrt^  of  Dervons  power,  and  to  inqnire  whether  the  movemeDts  which  are 
excited  through  its  *  reflex'  ftctiFity  necessarily  involve  sensation.  These 
moveraente  are  most  characteristioilly  displayed,  when  the  Spinal  Cord  is 
ont-off  from  communication  wi^  the  higher  Nervous  centres;  probably 
rather  because  the  nerve- force  excited  by  the  impressioii  reacts  through 
the  Spinal  ganglion  to  which  it  is  coaveyed^  wheu  it  can  no  longer  paas- 
on  to  the  Encephalic  centres  {§  440)^  than  because  (as  some  suppose)  the 
impuLse  to  retlax  movement  ia  ordinarily  neutralized  and  rendered  iu ope- 
rative by  an  effort  of  tlie  Wilh  It  is  true  that  those  reflex  actions  of  the 
Spinal  Cord  which  are  necessary  to  the  maintenance  of  Organic  life,  and 
which  are  equally  performed  whether  the  Spinal  axis  be  in  communica* 
tion  with  the  higher  Encephalic  centres  or  not,  are  continually  modified 
or  temporarily  suspended  by  the  Will ;  but  this  is  only  when  we  con- 
Bcioualy  bring  the  Will  to  bear  upon  them ;  aad  it  is  no  less  certain  that 
we  are  not  continually  making  any  such  exertions,  in  order  to  aiitagoaizo 
movements,  which  (as  we  learn  from  Pathological  evidence*)  would  be 
continually  excited  but  for  this  neutrahzing  iuUuence,  if  such  a  doctrine 
were  correct. — The  readiest  demonstration  of  tlie  independent  power  of 
the  Spinal  Cord,  is  derived  from  the  motions  exhibited  by  tlie  limbs  of 
animalsi  when  irritation  ia  applied  to  them  after  section  of  the  Spinal 
Cord  at  some  point  above  the  entrance  of  their  nerves  \  the  fact  that  these 
movements  ^e  reflected  through  the  Cord^  and  are  not  the  product  of 
direct  stimulatioii  applied  to  the  part  irritated,  being  shown  by  their  com- 
plete cessation  when  the  nerve -trunks  are  divided,  or  the  substance  of  the 
Spinal  Cord  is  broken-down.  Thus,  if  a  firog  be  decapitjited,  its  body  re- 
mains supported  on  its  limbs  in  the  usual  position,  and  will  recover  this 
if  it  be  disturbed;  irritation  of  the  feet  will  cause  it  to  leap;  and  tickling 
the  cloaca  with  a  probe  will  excite  efforts  tq  push  away  the  instrtunent.f 

^  S«0,  for  ex&mpK  tbe  cose  of '  SofWniog  of  the  Spiaiil  Marrow, 'reoorded  hj  Dr.  N ftirno 
inthd  ^'Med^'Ohir.  Trans.,"  toL  xxidr. ;  in  which  a  portion  of  theCbrd  &t  [&isi  fin  iiiah 
loQgf  futnated  oppMitethe  third  iiad  fourth  dorsal  vertebriDj^  vras  *^*sq  soft  that  the  sligb1«at 
prBBHEiie  of  tha  fiagST  broke  it  up,'*  being  nenrly  iu  a  fluid  state  through  its  wholfe  thick* 
ne^ ;  ;«t  the  pfttient  felt  pain  in  bis  tower  limb»,  ehc^wing  that  the  power  of  upit*m^ 
tnuiamlBAion  Temoiiied  ^  and  fttthotigh  he  htud  loat  all  Toluutor;  control  ovf^r  the  muMlfia  of 
the  lower  part  of  the  body,  jet  thoy  weM  affected  with  ine^Bsant  choreic  moTemeot  (which^ 
aa  wiU  bs  ahown  hereafter,  Sect.  8,  appeara  to  originate  in  the  S«nsory  Gauglia),  and  these 
movementa  were  affected  in  »ucb  &  marked  manner  by  etaotiontf  u  plainly  to  indicftte  & 
downward  tranamiBaion  of  motor  power. 

f  It  baa  beeu  pointed-out  by  Meaara.  Todd  and  Bowman  CPbymological  Anatomy*" 
ToL  1.  p*  Sl&)f  that  the  Spina! Cord  of  th«  male  frog^  at  tbeaeaeoii  of  copdlation,  naturally 
possessea  a  state  of  mo«t  estroordiiiftij  excitability*  The  thu  mb  of  each  auterior  extremi  ty 
at  thiM  season  becomes  oonaiderablj  enlarged;  as  h  well  known  to  Natoralista,  '^Tbli 
enlargenieat  ia  caused  principally  by  a  considerable  development  of  the  papillary  atructtir^ 
of  the  akin  which  oovers  it ;  ao  that  larf^e  papillae  are  formed  all  orer  it,  A  male  frog^ 
at  tbls  leaaon,  baa  a:n  irreMstible  propensity  to  filing  to  aoy  objeoi,  by  seizing  it  between 
hla  anterior  extremitiea.  It  h  iu  this  wt^y  that  he  seiKce-upou,  and  dingi-totbe  female; 
fiAing  hla  tbumbfl  to  each  side  of  her  abdomen,  and  remaining  there  for  weeks,  ontll  QiQ 
Gvm  hare  been  completely  e^cpell^  An  effort  of  the  Will  alone  could  not  k@ep  up  tho 
grasp  uninterruptedly  for  so  long  a  time  ;  yet  bo  drm  is  the  hold^  that  it  can  with  dtffi- 
milty  be  relftzed.  Whatever  Is  brought  in  the  way  of  the  thumbB^  will  be  eaught  by  the 
forcible  cootroctiou  of  the  anterior  limbs  -  and  heuee  we  often  find  frogs  clinging  blindly 
to  %  piece  of  wood,  or  a  dead  fiah,  or  some  other  anbatauce  which  they  may  chance  to  m^ 
witlL*  If  the  finger  be  placed  between  the  anterior  extreiuitieiif  they  will  grasp  it  firmly; 
CDT  will  they  relax  their  grasp  tintil  they  ore  separated  by  foroe.  If  the  animal  he  deea- 
pttatcd  If  b  list  the  finger  ia  within  the  groap  of  ita  aaterlof  exlremitieai  they  still  continue 
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It  is  to  be  observed  that  a  slight  irritation  applied  to  the  peripheral  extre- 
mities of  the  afferent  nerves,  is  a  more  powerful  exciter  of  reflex  action, 
than  a  much  stronger  impression,  which  occasions  acute  pain,  applied  to 
their  trunks;  thus  Mr.  Grainger  found  that  he  could  remove  the  entire 
hind  leg  of  a  Salamander  with  the  scissors,  without  the  creature  moving, 
or  giving  any  expression  of  suffering,  if  the  Spinal  Cord  had  been  first 
divided ;  yet  that  by  irritation  of  the  foot,  especially  by  heat,  in  an  ani- 
mal similarly  circumstanced,  violent  convulsive  actions  were  excited  in 
the  legs  and  tail.  This  fact  is  important,  not  only  as  showing  the  com- 
paratively-powerful effect  of  impressions  upon  the  cutaneous  surface,  but 
also  as  proving  how  little  relation  the  amount  of  refiex  action  has  to  the 
intensity  of  sensation. 

490.  That  the  movements  executed  by  the  limbs  of  the  lower  animals, 
when  these  are  no  longer  connected  by  the  Spinal  Cord  with  the  Ence- 
phalon,  but  remain  in  nervous  connection  with  the  Cord  itself,  do  not 
take  place  through  the  intermediation  of  sensation,  might  be  supposed  to 
be  sufficiently  proved  by  the  simple  fact,  that  division  of  the  Cord  in 
Man,  and  hence  by  inference  in  the  lower  animals,  reduces  the  parts 
below  to  a  state  of  complete  insensibility.  But,  on  the  other  hand,  the 
very  performance,  by  decapitated  animals  of  inferior  tribes,  of  actions 
which  had  not  been  witnessed  in  Man  under  similar  circimistances,  has 
been  held  to  indicate,  that  the  Spinal  Cord  in  them  has  an  endowment 
which  his  does  not  possess.  The  possibility  of  such  an  explanation, 
however  imconformable  to  that  analogy  throughout  organized  nature, 
which,  the  more  it  is  studied,  the  more  invariably  is  foimd  to  guide  to 
truth,  could  not  be  disproved.  Whatever  experiments  on  decapitated 
animals  were  appealed-to,  in  support  of  the  doctrine  that  the  Encephalon 
contains  the  only  seat  of  sensibility,  could  be  met  by  a  simple  denial  that 
the  Spinal  Cord  is  everywhere  as  destitute  of  that  endowment  as  it  appears 
to  be  in  Man.  The  cases  of  profound  Sleep  and  Apoplexy  might  be  cited 
as  examples  of  reflex  action  without  consciousness ;  but  these  have  been 
met  by  the  assertion,  that  in  such  conditions,  sensations  are  felt,  though 
they  are  not  remembered.  It  is  difficult,  however,  to  apply  such  an  ex- 
planation to  the  case  of  Anencephalous  human  infants  (in  which  all  the 
ordinary  reflex  actions  have  been  exhibited,  with  an  entire  absence  of 
brain),  without  supposing  that  the  Medulla  Oblongata  is  the  seat  of  a  sen- 
sibility which  we  know  that  the  lower  part  of  the  Spinal  Cord  does  not 
possess ;  and  of  this  there  is  no  evidence  whatever. — Experiments  on  the 
lower  animals,  then,  and  observation  of  the  phenomena  manifested  by 
apoplectic  patients  and  anencephalous  infants,  might  lead  to  the  conclusion, 
that  the  Spinal  Cord  does  not  itself  possess  sensibility,  and  that  its  reflex 
actioilB  are  independent  of  sensation.  At  this  conclusion,  Unzer,  Pro- 
chaska,  Sir  G.  Blane,  Flourens,  and  other  physiologists  had  arrived ;  but 
it  was  not  until  special  attention  was  directed  to  the  subject  by  Dr.  M. 
Hall,  that  fiicts  were  obtained  by  which  a  positive  statement  of  it  could 

to  hold-on  firmly.  The  posterior  half  of  the  hody  may  be  cut  away,  and  yet  the  anterior 
extremities  will  still  cling  to  the  finger ;  but  immediately  that  the  segment  of  the  Cord, 
from  which  the  anterior  extremities  derive  their  nerves,  has  been  removed,  all  their  motion 
ceases.  This  cnrions  instinct  only  exists  during  the  period  of  sexual  excitement ;  for  at 
other  periods  the  excitability  of  the  anterior  extremities  is  considerably  less  than  that  of 
the  posterior.** 


5^6 


FimCTIOKS  OF  THE  CERSBRO-SMKAi  HIRVOUS  STSTElt* 


be  supported.  For  the  queatioB  niiglit  liave  been  contbnmllj  aaked, — li 
the  Spinal  Cord  in  Man  be  precisely  analogoua  in  function  to  that  of  the 
lower  Vertebrata^  why  are  not  tts  reflex  phenomena  manifested,  when  a 
portion  of  it  is  severed  from  the  rest  by  disease  or  injury  ?  The  answer 
to  this  question  is  twofold.  In  the  £rst  place,  simple  division  of  the  cord 
with  a  sharp  instrument  leaves  the  separated  portion  in  a  state  of  nmcli 
more  completa  integrity,  and  therefore  in  a  state  much  more  fit  for  the 
performance  of  its  peculiar  functions,  than  it  ordinarily  is  after  disea^  or 
violent  injtiry ;  and  aa  the  former  method  of  division  is  one  with  which 
the  Physiologist  h  not  likely  to  meet  in  Man  as  a  result  of  accident,  and 
which  he  cannot  experimentally  put  in  practice,  the  cases  in  whicK  reflex 
actions  would  be  manifested  arc  Ukely  to  be  comparatively  few-  But, 
secondly,  a  snfficient  number  of  such  instances  hata  now  been  accumu- 
lAted^  to  prove  that  the  occurrence  is  by  no  meana  so  rare  as  might  have 
lieen  supposed ;  and  that  nothing  is  required  but  patient  observatioTii  to 
throw  a  great  light  on  this  inter^iting  question  from  the  phenomena  of 
disease.  A  most  valuable  collection  of  such  cases^  occurring  within  his 
own  experience,  has  been  pubhshed  by  Dr.  W.  Budd  ;*  and  the  leading 
facts  observed  by  him  will  be  now  enumerated. 

491.  In  the  first  case.  Paraplegia  was  the  resiilt  of  angular  distortion  of 
the  spine  in  the  dorsal  region.  The  sensibility  of  the  lower  extremities 
was  extremely  feeble,  and  tlie  power  of  vokmtory  motion  was  almost 
entirely  lost.  '*  When,  however^  any  part  of  the  akin  is  pinched  or 
pricked,  the  limb  that  is  thus  acted ^on  jumps  with  great  vivacity;  the 
toes  are  retracted  towards  tlie  instep,  the  foot  is  raised  on  the  beel,  and 
the  knee  so  flexed  ns  to  raise  it  off  tlie  bed  ;  the  limb  is  maintained  in 
this  state  of  tension  for  several  seconds  after  the  withdrawal  of  the 
stimulus^  and  then  becomes  suddenly  relaxed."  **  In  general,  while  one 
leg  was  convulsed,  its  fellow  remained  quiet,  unless  stimulus  was  applit*d 
to  both  at  once."  "  In  these  instances,  the  pricking  and  pincliing  were 
perceived  by  the  patient ;  but  much  more  viokni  contractions  sue  excited 
by  a  stimnJus,  of  whose  preseiie,e  he  is  unmn&ctons.  When  a  feather  is 
passed  lightly  over  the  akin,  in  the  hollow  of  the  instep,  as  if  to  tickle, 
convulsions  occur  in  the  corresponding  limb,  much  more  vigorous  than 
those  induced  by  pinching  or  pricking ;  they  succeed  one  another  in  a 
rapid  series  of  jerks,  which  are  repeated  as  long  as  the  stimulus  is  main- 
titined,"  "  When  any  other  part  of  the  limb  is  irritated  in  the  same  way, 
the  convulsions  which  ensue  are  very  feeble,  and  much  less  poweriul  than 
those  induced  by  pricking  or  pinching/*  "  Conndsions^  identical  with 
tliose  already  descril>ed,  are  at  all  times  excited  by  the  acts  of  defecation 
and  micturition.  At  these  tlmes»  the  convulsions  are  miich  more  vigorous 
than  under  any  otijer  circumstanees,  insomuch  that  the  pitient  has  heBTL 
obhged  to  resort  to  mechanical  means  to  secure  Ins  person  while  engaged 
in  these  acts.  During  the  act  of  expulsion,  the  convidslons  succeed  one 
another  rapidly,  the  urine  is  discharged  in  interrupted  jets,  and  the  passage 
of  the  fajces  suffers  a  like  interruption."  The  convulsions  are  more 
vigorous,  the  greater  the  accumulation  of  urine  j  and  involuntary  con- 
tractions occur  whenever  the  bladder  is  distended,  and  also  when  the 
desure  to  relieve  the  rectum  is  maniiested.     '*  In  all  these  circumstances, 
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the  convulsions  are  perfectly  inYoliintarj ;  and  he  is  unable,  by  any  effort 
of  the  wiU,  to  control  or  moderate  them."  This  patient  subsequently 
regained,  in  a  gradual  manner,  both  the  sensibility  of  the  lower  extremi- 
ties, and  Yolimtary  power  over  them ;  and  as  volimtary  power  increased, 
the  susceptibility  to  involimtary  movements  diminished,  as  did  also  their 
extent  and  power. — This  case,  then,  exhibits  an  increased  tendency  to 
perform  reflex  actions,  when  the  control  of  the  Brain  was  removed ;  and 
it  also  shows  that  a  slight  impression  upon  the  surface^  of  which  the 
patient  was  not  conscious,  was  more  efficacious  in  exciting  reflex  move- 
ments, than  were  others  that  more  powerfully  aflected  the  sensory  organs. 
— It  E^ould  be  added  that,  in  the  foregoing  case,  the  nutrition  of  the 
lower  extremities  was  not  impaired,  as  it  is  in  most  cases  of  paraplegia; 
the  rationale  of  this  phenomenon,  which  is  to  be  constantly  observed 
when  the  reflex  actions  of  the  part  remain  entire,  will  be  understood  by 
reference  to  §§  342,  500. 

492.  In  another  case,  the  paralysis  was  more  extensive,  having  been 
produced  by  an  injury  (resulting  from  a  fall  into  the  hold  of  a  vessel)  at 
the  lower  part  of  the  neck.  There  was  at  first  a  total  loss  of  volimtary 
power  over  the  lower  extremities,  tnmk,  and  hands ;  slight  remaining 
voluntary  power  in  the  wrists,  rather  more  in  the  elbows,  and  still  more 
in  the  shoulders.  The  intercostal  muscles  did  not  participate  in  the 
movements  of  respiration.  The  sensibility  of  the  hands  and  feet  was 
greatly  impaired.  There  were  retention  of  urine,  and  involimtary  evacu- 
ation of  the  faeces.  Recovery  took  place  very  gradually ;  and  during  its 
progress,  several  remarkable  phenomena  of  reflex  action  were  observed. 
At  first,  tickling  one  sole  excited  to  movement  that  limb  only  which 
was  acted-upon  ;  afterwards,  tickling  either  sole  excited  both  legs,  and, 
on  the  26th  day,  not  only  the  lower  extremities,  but  the  trunk  and  upper 
extremities  also.  Irritating  the  soles,  by  tickling  or  otherwise,  was  at 
first  the  only  method,  and  always  the  most  efficient  one,  by  which  con- 
vulsions could  be  excited.  From  the  26th  to  the  69th  day,  involuntary 
movements  in  all  the  palsied  parts  continued  powerful  and  extensive, 
and  were  excited  by  the  following  causes  :  in  the  lower  extremities  only, 
by  the  passage  of  flatus  firom  the  bowels,  or  by  the  contact  of  a  cold 
urinal  with  the  penis ;  convulsions  in  the  upper  extremities  and  trunk, 
attended  with  sighing,  by  plucking  the  hair  of  the  pubes.  On  the  41st 
day,  a  hot  plate  of  metal  was  applied  to  the  soles,  and  was  found  to  be  a 
more  powerful  exciter  of  movement  than  any  before  tried.  The  move- 
ments continued  as  long  as  the  hot  plate  was  kept  applied  ;  but  the  same 
plate,  at  the  common  temperature,  excited  no  movements  afler  the  first 
contact.  Though  the  contact  was  distinctly  felt  by  the  patient,  tw  sensa- 
tion of  heat  was  perceived  by  him,  even  when  the  plate  was  applied  hot 
enough  to  cause  vesication.  At  three  different  intervals,  the  patient  took 
one-eighth  of  a  grain  of  strychnia  three  times  a  day.  Great  increase  of 
susceptibility  to  involuntary  movements  immediately  followed,  and  they 
were  excited  by  the  slightest  causes.  No  convulsions  of  the  upper  extre- 
mities could  ever  be  produced,  however,  by  irritating  their  integument; 
though,  under  the  influence  of  strychnia,  pulling  the  hair  of  the  head 
or  tickling  the  chin  would  occasion  violent  spasmodic  actions  in  them. 
Spontaneous  convulsions  of  the  palsied  parts,  which  occurred  at  other 
times,  were  more  frequent  and  more  powerful  afler  the  use  of  strychnia. 
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On  the  first  return  of  volontflry  power,  the  patient  waa  enabled  to 
restrain  in  some  meaj^ure  the  excited  movemeDts ;  but  thia  required  a 
difltmcfc  effort  of  the  will;  and  hia  first  attempts  to  walk  were  curioujslj 
affected  bj  the  peraistence  of  the  Buaceptibilifcj  to  excited  invohintaij 
movements.  When  he  first  attempted  to  standi  tlie  knees  immediately 
became  forcibly  bent  under  him ;  tiis  action  of  the  legs  being  excited  by 
contact  of  the  soles  with  the  ground.  On  the  95th  day  this  effect  did 
not  take  place  until  the  patient  had  made  a  few  steps ;  the  l^gs  then 
had  a  tendency  to  bend -up,  a  movement  which  he  counteracted  by  rubbing 
the  surface  of  the  belly ;  this  rubbing  excited  the  extensors  to  action, 
and  the  legs  became  extendeti  with  a  jerk,  A  few  more  steps  were 
then  mode,  the  manoeuvre  was  repeateti,  and  so  on.  This  susceptibility 
to  involtmtary  movements  from  impressions  on  tlie  aoles  gradually 
diminished ;  and  on  the  141st  diiy  the  patient  was  able  to  walk  about, 
supporting  himself  on  the  back  of  a  chair  whicli  he  pushed  before  him ; 
but  his  gait  was  unsteady,  and  much  resembled  that  of  chorea.  Seniation 
improved  very  slowly :  it  was  on  the  53rd  day  that  he  first  slightly 
perceived  the  heat  of  the  metal  plate. — Now  in  this  case,  the  abolition 
of  common  sensation  was  not  so  complete  as  in  the  former  instance ;  but 
of  the  peculiar  kind  of  impreaaion  which  was  found  most  efficacious  in 
exciting  reilex  movements,  no  comcwusness  ithaiemr  was  expiriencsd. 
Not  less  interesting  was  the  circumstance,  that  convulsions  could  be 
readily  excited  by  impresaions  on  iuriaces  above  tlie  seat  of  injury :  bs, 
by  pulling  the  hair  of  the  scalp,  a  sudden  noise,  and  so  on.  ThJa  proves 
two  important  points :  firsts  that  a  lesion  of  the  Cord  may  be  such  as  to 
intercept  the  transmission  of  voluntary  influencCi  and  yet  may  allow  th« 
transmission  of  that  reflected  from  incident  nerves.  Secondly,  tliat  all 
influences  irom  Impressions  on  incident  nerves  are  diiiiised  through  the 
Cord ;  for,  in  the  instance  adduced^  the  reflected  influence  was  undoubt^ly 
not  made  to  deviate  into  the  cord  by  the  morbid  condition  of  that  organ, 
but  followed  its  natural  course  of  diffusion^  being  rendered  tnani^st 
in  this  case  by  the  convulsions  which  were  excited,  in  consequence  of 
increased  activity  of  the  motor  function  of  the  cord.  It  is  further 
int^esting  to  remark,  that,  in  the  foregoing  case,  the  reflex  actions  were 
very  feeble  during  the  first  seven  days,  in  comparison  with  their  subse- 
quent energy ;  being  hmited  to  sUght  movements  of  the  feet,  which  could 
not  always  be  excited  by  ticklmg  the  soles,  (In  another  case  of  very 
similar  character»  it  was  three  days  after  the  accident,  before  any  reflex 
actions  could  be  produced. )  It  is  evident,  then,  that  the  Spinal  Cord  must 
have  been  in  a  state  of  concussion,  which  prevented  the  manife«ftation  of 
its  peculiar  functions,  so  long  as  this  effect  lasted ;  and  it  is  eaay,  there- 
fore, to  perceive,  that  a  still  more  severe  shock  might  permanently  destroy 
its  power,  so  as  to  prevent  tlie  exhibitioii  of  any  of  the  phenomena  of 
reflex  action- 

493-  So  many  cases  of  this  kind  have  now  occurred,  that  it  may  be 
conudered  as  a  demonstrated  fact,  that  the  Spinal  Cord,  or  insulated 
portions  of  it,  may  serve  in  Man,  no  less  than  in  the  lower  animals,  as 
the  centre  of  very  energetic  reflex  actions,  when  the  EncephsJie  power 
which  ordinarily  operates  through  it  is  suspended  or  destroyed,  or  when 
it  is  prevented  from  influencing  the  Spinal  nerves  by  such  an  injury  to 
the  Cord  above  their  points  of  connection  with  it,  as  prevents  the  trans- 
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mission  of  nervous  polarity :  and  it  is  farther  evident  that  these  move* 
ments  are  not  more  dependent  upon  Sensation  than  they  are  upon  the 
Will,  since  they  may  be  excited  without  the  consciousness  of  the  indi- 
vidual, even  when  this  is  iiilly  directed  to  the  part.*  And  we  thus  have 
adequate  groimd  for  the  assertion,  that  the  movements  which  may  be 
called-fortib  by  stimulation  in  the  states  of  profound  Sleep  or  Coma,  are 
not  to  be  held  to  indicate  that  conscious  sensation  is  even  momentarily 
excited ;  since  we  know  that  the  reflex  power  of  the  Spinal  Cord  may  be 
called  into  action  by  impressions  which  do  not  travel  onwards  to  the 
sensorium,  or  which  are  powerless  to  affect  the  consciousness  even  when 
they  arrive  there.  These  abnormal  reflex  actions  of  the  Spinal  Cord  of 
Man,  though  often  powerful,  have  much  less  regularity  and  apparent 
pitrposivenessj  than  have  the  movements  executed  by  the  lower  Yertebrata 
(as  the  Frog,  §  489)  after  decapitation  or  section  of  the  cord ;  the  latter 
approaching,  in  respect  to  these  qualities,  to  the  reflex  movements  of  Articu- 
lated animals — as  is  well  seen  in  the  following  experiment,  which  is  much 
relied  on  by  those  who  hold  that  the  Spinal  Cord  is  the  seat  of  sensorial 
functions.'l'  If  a  frog  be  decapitated  and  acetic  acid  be  applied  over 
the  internal  condyle  of  the  femur,  the  animal  will  wipe  away  the 
acid  with  the  foot  of  the  same  side ;  but  if  this  be  cut  off,  after  some 
ineflectual  efforts  and  a  short  period  of  hesitation,  it  will  perform  the 
same  action  with  the  foot  of  the  opposite  side.  It  must  not  hence  be 
inferred,  however,  that  there  is  any  essential  difference  in  the  endow- 
ments of  the  Spinal  Cord,  between  Man  and  the  lower  animals ;  or  that 
any  psychical  agency  exists  in  the  latter  case,  which  is  wanting  in  the 
former.  We  have  already  seen  that  the  existence  of  even  the  most 
perfectly-adapted  combination  of  different  muscular  actions,  all  obviously 
bearing  upon  a  definite  object,  cannot  in  itself  justify  our  attributing  this 
combination  to  design  or  voluntary  choice  on  the  part  of  the  organism 
that  executes  it  (§  430) ;  whilst,  on  the  other  hand,  to  remove  these 
movements  in  any  case  from  the  category  of  automatic  actions,  would  be 
to  assign  to  the  Spinal  Cord  a  power  of  consciously  selecting  and  directing 
them,  such  as  we  have  every  reason  for  believing  to  be  limited  to  the 
higher  parts  of  the  Cerebro- Spinal  centres.  Now  die  very  uniformity  of 
the  movements  in  question,  or  the  slight  variation  in  effect  which  has 
been  observed  to  follow  the  application  of  different  stimuli,  is  itself  an 
indication  that  they  do  not  proceed  firom  any  purposive  choice,  but 
depend  upon  the  special  endowments  of  those  centres  of  reflex  action, 
whence  the  impulses  that  call  them  forth  immediately  issue  to  the  nerves : 

*  The  Author  is  informed  by  his  friend  Mr.  Paget,  that  among  the  notes  left  by  John 
Hnnter  (which  famished  some  of  the  materials  for  the  admirable  Catalogue  of  the  Patho- 
logical portion  of  the  Hunterian  Museum  drawn-up  by  Mr.  Paget),  there  was  the  record 
of  a  ease  of  paraplegia,  in  which  it  appeared  that  Hunter  had  witnessed  reflex  movements 
of  the  legs  in  which  sensation  did  not  participate.  When  the  patient  was  asked  whether 
ht  ftlt  the  irritation  by  which  the  motions  were  excited,  he  significantly  replied— glancing 
at  his  limbs, — "No,  Sir;  but  you  see  my  legs  do." 

t  See  Pfliiger,  '*Die  sensorischen  Functionen  des  Riickenmarks,"  Berlin,  1853;  see  also 
an  able  review  in  the  **Med.-Ohir.  Review"  for  Jan.  1864,  in  which  the  above  experiment 
is  quoted.  The  doctrine  of  the  independent  volitional  as  well  as  sensorial  power  of  the 
Spinal  Cord  is  ingeniously  sustained  in  Mr.  G.  H.  Lewes's  '^Physiology  of  Common  Lift," 
vol.  ii. ;  whilst  the  opposite  side  is  taken  in  a  review  upon  that  work  contained  in  the 
••Med.-Chir.  Review,"  vol.  xxvi.,  1860,  p.  423. 
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and  hence  the  more  marketl  adaptivenesa  of  the  reflex  iictions  periWmed 
by  many  of  the  lower  tribea  of  animals,  can  only  be  held  to  indiciit^  that 
a  larger  ahare  of  such  adaptation  is  effected  in  them  by  what  may  be 
termed  the  viechaitimn  of  their  Dervous  centres,  and  that  lees  is  IcA  to 
\'o]nntary  choice  and  direction,  which  oan  only  be  safely  trusted  where  a 
considerable  amount  of  intelligence  exists  to  guide  it ; — a  conclusion  which 
accords  well  with  what  has  been  already  stated,  respecting  the  Btructural 
diflTerences  that  seem  to  exist  between  tixe  Spiual  Cord  of  Rlaa,  and  that 
of  the  inferior  Vertebra ta  (§473).  A  peculiar  condition  described  by 
Bcliiff*  as  Analgesia  may  here  be  alluded-to.  It  consists  in  the  retention 
of  the  cajJtd>ility  of  perceiving  sensationB  of  tf?uchy  though  the  moat  severe 
injuries  to  nerves  produce  no  sensations  of  pain.  This  condition  njaj  l>e 
induced^  according  to  Schiff,  by  division  of  the  whole  Spinal  Cord  witli  tfse 
excepjtion  of  tlie  jMjaterior  cohuMns,  also  by  rapid  abstraction  of  blood  ;  aiid 
it  may  be  observed  iu  the  early  stag^  of  the  aiiministration  of  ether  or 
chloroform.  It  seeras  to  be  questionable,  however,  whetlier  tliis  is  not 
mther  to  Ije  considered  as  a  state  of  blunted  common  sensibUity, 

494.  The  endowments  of  the  Medulla  Oblomjata  do  not  Beein  to  djflTer 
from  those  of  the  Spinal  Cord  in  any  other  ref^pect,  than  in  tJie  sf)ecjatity 
of  the  reflex  movementa  to  which  it  ministers.  Tiiis  part  of  t!ie  Cninio- 
Spinal  Axis  has  been  regarded  by  some  Physiologiata,  indeed^  as  tJie 
]^>eculiar  seiit  of  vitality ;  since,  althoiigh  t!ie  otlier  Encephalic  ma^ees 
may  be  witJidrawn  Irom  above,  and  nearly  tlie  whole  of  the  Spinal  Cord 
may  be  removed  from  below,  without  the  destruction  of  life,  yet  a  com- 
plete stop  is  put  to  the  current  of  vital  action  when  the  Medulla 
Oblongata  is  destroyed.  But  the  dejjendence  of  the  vital  activity  of  tlie 
body  jeencrally  upon  the  functional  integrity  of  this  part  of  the  nen^ous 
ay  stem,  is  simply  consequent  ujjon  the  fact  that  the  MedtiJla  Oblongatu 
contains  tlie  chief  ganglionic  centre  of  the  Kespiratory  movements;  f  upon 
the  continuance  of  whieh^  as  already  shown  (chap,  vji.  Sect,  tJ),  the  con- 
tinuance of  tlie  Circulation  is  dependent,  and  witli  this,  the  maintenance 
of  the  Orgimic  fimctions  generally.  A  strong  confirmation  of  this  is  found 
in  the  fact  that  M.  Brown-S^quardf  has  kept  frogs,  in  which  animals  the 
cutaneous  respiration  is  actively  jierformed,  alive  for  eight  months  afte* 
the  entire  removal  of  the  MediiUa  Oblongata.  From  the  Medulla  Oblon- 
gata spring  the  nerves  which  exert  a  regulatory  or  inhibitory  power  on^ 
the  movements  of  the  heart  (§  21(i),  and  also  those  which  are  intimatel 
associated  with  the  formation  of  sugar  in  the  liver  (§  381).  It  is  also 
the  ganglionic  centre  of  the  nerves  of  Speech  and  Deglutition  \  the  aboh- 
tion  of  which  latter  function  must  of  <xnirse  be  destructive  to  life,  thoTt^b 
leas  speedily  tJntn  tliat  of  Respiration,  As  regards  tlie  functions  of  the 
sevend  strands  composing  the  Medulla  Oblongata,  little  is  known,  e,vcept- 
ing  that  the  anterior  [>ynimids  are  tlie  conductors  for  vohintJiry  motor 
impulses,  whilst  the  Cor[>ora  Kestifonnia,  which  constitute  the  inferior  ])C- 
dunclcs  of  the  Cercbelluiu,  do  not  appear,  according  to  M,  Brown- Sec  juard,^ 
to  give  passage  to  any  of  the  conductors  of  sen  son/  impressions  proceed* 
ing  from  the  trunk,  limbs,  or  head-     It  is  remarkable,  howcvcFj  that 

*  "PLyaiolf^e,"  1859,  p,  202. 

t  Brown -St'c]i]An1  ooti&kleratliAttbewliol^laeteof  the  Encepbalon  itiMiia  ib  In»pHc4it«Hl 
iu  Rcspimtion  T'Cpiitral  Nervooi  Spkm,*'  p*  101). 
t  '* C^tial  Kert0iii  Bjittinj,*'  ISdO,  p.  IBL  §  Ibid,,  p.  ^, 
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after  they  liave  been  transversely  divided,  hypenesthesia  is  produced  in 
every  port  of  the  trunk  and  limbs. 

495.  Hence  the  Spinal  Cord,  with  its  Encephalic  prolongation,  may  be 
said  to  supply  by  its  'reflex  power'  the  conditions  requisite  for  the 
maintenance  of  the  various  muscular  movements  which  are  essential  to  the 
continuance  of  the  Organic  processes  ;  and,  as  Dr.  M.  Hall  has  pointed- 
out,  it  especially  governs  the  various  orifices  of  ingress  and  ^;ress. — 
Thus,  the  act  of  Deglutition  is  entirely  dependent  upon  the  Spinal  Axis 
and  the  nerves  proceeding  from  it ;  the  Will  being  in  no  other  way  con- 
cerned in  it,  tiian  by  originating  the  necessary  stimulus;  and  even 
sensation  not  being  a  necessary  liii  in  the  chain  of  excito-motor  action 
(§§  68-70).  The  action  of  the  cardiac  sphincter,  again, — and  probably 
that  of  the  pyloric  sphincter  also, — ^is  dependent  upon  its  nervous  con- 
nection with  the  Spinal  Axis;  and  is  entirely  regulated  without  sensorial 
excitement  (§  70).  And  there  is  much  reason  to  believe  that  certain  of 
the  movements  of  the  Stomach  itself  are  in  like  manner  dependent  upon 
its  connection  with  the  Medulla  Oblongata  (§  72),  although  there  is 
evidence  that  it  possesses  an  independent  motor  activity  of  its  own.  The 
movements  of  the  Intestinal  tube  are  imquestionably  influenced  by  the 
Spinal  Cord,  although  in  great  measure  independent  of  it  (§§  74,  75); 
and  the  sphincter  which  surroimds  its  orifice  of  egress  is  imdoubtedly 
placed  under  its  guardianship,  although  partly  subjected  (in  Man)  to  the 
control  of  the  Will.  The  same  may  be  said  of  the  expulsor  muscles  con- 
cerned in  the  act  of  Defecation;  and  of  the  expulsors  and  sphincter  which 
effect  and  control  the  act  of  Urination  (§  76). — Looking,  again,  at  the 
movements  which  are  subservient  to  the  Respiratory  process,  we  find 
that  all  those  which  are  essential  to  its  regular  maintenance  are  per- 
formed through  the  intermedirftion  of  the  Spinal  Axis  alone ;  that  the 
Will  has  only  such  a  limited  power  over  them  as  to  bring  them  into 
harmony  with  its  other  requirements,  as  in  the  acts  of  vocalization  and 
in  extraordinary  muscular  exertions ;  and  that  the  stimulus  by  which 
they  are  commonly  maintained  does  not  even  affiect  the  consciousness, 
the  *besoin  de  respirer'  only  becoming  setisihle  when  the  respiratory 
process  is  being  imperfectly  performed  (§§  274-276).  Not  only  are 
the  ordinary  respiratory  movements  performed  through  this  channel, 
but  the  aperture  of  the  Glottis  is  regulated  by  it,  in  everything  that 
concerns  the  respiration  ;  and  either  by  its  spasmodic  closure  against  the 
entrance  of  imfit  substances,  or  by  the  expulsor  effort  of  coughing  which 
is  excited  by  them  when  they  do  find  their  way  into  the  air-passages, 
these  passages  are  kept  free  from  solid,  liquid,  or  gaseous  particles,  whose 
presence  in  them  would  be  injurious. — In  the  expulsion  of  the  Generative 
products,  also,  the  reflex  power  of  the  Spinal  Cord  takes  an  important 
share.  Budge*  believes  that  he  has  discovered  a  genito- spinal  centre  (in 
rabbits)  in  that  portion  of  the  Spinal  Cord  which  lies  opposite  the  fourth 
lumbar  vertebra ;  for  on  irritating  this  part,  contractions  of  the  rectum, 
bladder,  and  vasa  deferentia  occurred.  The  same  effects  are  produced 
on  irritating  the  ganglion  of  the  Sympathetic  nerve  lying  on  the  fifth 
liunbar  vertebra,  which  receives  communicating  branches  from  this  part 
of  the  cord;    and    the  influence  of  the  nervi  erigentes   and    common 

*  "Comptes  Eendus  de  I'Acad.  dea  Scien.,"  1868,  p.  686;  and  '^Physiologie,"  1862, 
p.  U. 
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pudendal  nerves  observed  by  Eckhard,  on  the  erection  of  tlie  penis  and 
emissio  seniinia,  has  been  already  ftilly  detailed  (§  255).  The  niuscitlar 
contractionB  wkick  produce  Emiaaio  Semiaia  are  exci to- motor  in  their 
nature  ;  Vjeing  independent  of  the  Will^  and  not  capable  of  restraint  by 
It  when  once  fully  excited  ;  and  being  (like  those  of  Deglutition)  excit 
able  in  no  other  ivay  tlian  by  a  particular  local  irritation.  It  has  bee 
shown  by  experiment,  and  also  by  pathological  observation,  that  the 
Beparation  of  the  lower  portion  of  the  Spinal  Cord  from  the  upper  does 
not  prevent  those  movements  from  being  excited,  although  the  act  w  then 
unaccompanied  with  sensation,  which  proves  that  aensation  is  not  eesei 
tial  to  its  pertbrmance ;  on  tlie  other  hand,  the  power  of  emisaioii  i^l 
annihilated  by  destruction  of  tl^e  lower  portion  of  tlie  Spinal  Cord,  or  by 
section  of  the  nerves  which  supply  the  genital  organs.  The  act  of  Par- 
turition, however  J  seems  to  be  less  dependent  upon  the  Spinal  Cord ;  for, 
as  will  be  shown  hereafter  (chap*  xvi.,  8ect»  3),  the  contractions  of  the 
Uterus,  which  are  alone  sufficient  to  expel  the  f^^tus  when  there  is  no 
considerable  resistance^  are  not  to  be  regarded  as  ^  reflex ;'  and  it  is  only 
in  the  co*operation  of  those  associated  musclea  which  come  into  play  in 
the  second  stage  of  labour,  when  the  head  is  passing  through  the  os  uteri 
and  is  engaged  in  the  pelvic  cavity,  that  the  assistance  of  the  Spinal  Cord 
and  its  nerves  is  called-in.  These  movements,  like  those  of  Defecation^  ^ 
may  be  to  a  certain  extent  promoted  or  restrained  by  voluntary  efibit ; 
but  when  the  exciting  influence  (the  pressure  of  the  head  against  th©' 
parietes  of  the  vaginal  canal)  has  once  been  iully  brought  into  operadon 
by  the  uterine  conto'actions^  the  Will  has  little  power  over  tlieni,  either 
in  one  way  or  tlie  other.  The  antagonizing  influence  of  the  sphincter 
vagina;  seems,  like  that  of  the  sphincter  ani,  to  be  dependent  upon  the 
Spinal  Cord  ;  and  thus  it  happens  that  when  its  tension  and  that  of  other 
muscular  parts  has  been  destroyed  hy  death,  whilst  the  uterus  still  retains 
its  contractility,  the  power  of  the  latter  has  suiRced  for  tlie  completion  of 
the  parturient  proceas,  the  child  being  expelled  after  the  respiratory 
movements  liave  ceased. 

49G.  The  Spinal  Axis  is  not  merely  the  instrument  whereby  tlie 
movements  essential  to  the  maintenance  of  the  Organic  fimctious  are  sus* 
tained ;  it  is  also  subservient  to  other  muBCuIar  actions^  whose  character 
is  essentially  protective^  Thus  it  was  ascertained  by  Dr.  M,  Hall*  that, 
if  the  fiinctions  of  the  Brain  be  suspended  or  destroyed  without  injury 
to  the  Spinal  Cord  and  its  nerves^  the  Orbicularis  muscle  will  contract,  so 
as  to  occasion  the  closure  of  the  eyelids^  upon  tlieir  tarsal  margin  being 
touched  with  a  feather.  This  fact  is  interesting  in  several  jM>ints  of 
view.  In  the  first  place,  it  is  a  characteristic  example  of  an  adaptive 
action,  occurring  under  circumstances  in  which  volition  cannot  be 
imagined  to  guide  it,  and  in  which  there  is  no  valid  reason  to  believe 
that  sensation  directs  it.  Further,  it  explains  the  almost  irresistible 
nature  of  the  tendency  to  winking,  which  is  performed  at  short  intervals 
by  the  contractian  of  the  Orbicularis  muscle ;  this  is  evidently  a  reHex 
action,  capable  of  Ijeing  in  some  degree  restrained  (Uke  tliat  of  respira- 
tion) by  the  wiD,  but  only  until  such  time  as  the  stimulus  (resulting 
jterhaps  from  the  collection  of  muivite  particles  of  dust  upon  the  eyes,  or 


'  ML^mwira  on  the  Hervons  Sj?t«m,"  1837,  p,  flU 
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from  the  dryness  of  their  sur&ce  in  consequence  of  evaporation,)  becomes 
too  strong  to  be  any  longer  resisted.  The  nervous  channel  through 
which  this  action  is  performed,  is  completed  by  the  first  branch  of  the 
Fifth  and  the  Portio  Dura  of  the  Seventfi.  Agam,  we  have  in  sleep  or  in 
apoplexy  an  example  of  this  purely-spinal  action,  imbalanced  by  the 
influence  of  the  will,  which,  in  the  waking  state,  antagonizes  it  by  calling 
the  levator  palpebrse  into  action.  As  soon  as  the  will  ceases  to  act,  the 
lids  droop,  and  close  over  the  eye  so  as  to  protect  it ;  and  if  those  of  a 
sleeping  person  be  separated  by  the  hand,  they  will  be  found  presently  to 
return.  Here,  as  in  studying  the  respiratory  and  other  movements,  we 
are  led  to  perceive  that  it  is  the  Brain  alone  which  is  torpid  during 
sleep,  and  whose  functions  are  affected  by  this  torpidity.  As  Dr.  M.  Hall 
very  justly  remarks,  "the  Spinal  system  never  sleeps;"  it  is  constantly  in 
activity ;  and  it  is  tJius  that,  in  all  periods  and  phases  of  Life,  the  move* 
ments  which  are  essential  to  its  continued  maintenance  are  kept-up 
without  sensible  effort. — The  closure  of  the  pupil  against  a  strong  light, 
is  another  movement  of  the  same  protective  tendency.  The  contrac- 
tion of  the  pupil  is  immediately  caused  by  the  Third  pair,  or  Motor 
Oculi,  as  is  easily  shown  by  irritating  the  trunk  of  that  nerve  and  observ- 
ing the  result ;  but  the  stimulus  which  excites  it  is  conveyed  through  the 
Optic  nerve.  Yet  although  the  contraction  of  the  pupil  is  usually  in  close 
accordance  with  the  sensation  occasioned  by  the  impression  of  light  upon 
the  retina,  yet  there  is  evidence  to  prove  that  the  sensation  of  light  is  not 
always  necessary :  for  even  when  the  sight  of  both  eyes  has  been  entirely 
destroyed  by  amaurosis,  the  normal  actions  have  been  witnessed  in  the 
pupil,  in  accordance  with  the  varying  degrees  of  light  impinging  on  the 
retina.  Such  cases  seem  to  indicate  that  the  motion  results  from  an 
impression  upon  the  retina,  which  impression  being  conducted  to  the 
Sensorium  ordinarily  produces  a  sensation ;  but  that  even  where  no  sen- 
sation is  produced,  on  account  of  a  disordered  state  of  the  part  of  the 
ganglionic  centre  in  which  the  Optic  nerve  terminates,  if  the  central  tract 
which  connects  that  nerve  with  the  Third  pair  retain  its  integrity, 
the  reflex  contraction  of  the  pupil  may  still  be  excited  through  it.  The 
rarity  of  the  occurrence  is  easily  accoimted-for,  by  tlie  fact  that  in 
most  cases  of  amaurosis  the  disease  lies  in  the  retina  or  in  the  tnmk  of 
the  nerve,  and  thereby  checks  both  its  spinal  and  its  encephalic  actions. 
— Although  we  are  not  at  present  acquainted  with  any  similar  protec- 
tive movements  in  the  Human  being,  designed  to  keep  the  organ  of  Hear- 
ing from  injury,  yet  there  can  be  little  doubt  that  those  which  we  are 
constantly  witnessing  in  other  animals  possessed  of  large  external  ears,  are 
reflex  actions  excited  by  the  irritation  applied  to  them.  In  regard  to  the 
Nose,  we  find  a  remarkably  complex  action — that  of  Sneezing — adapted 
to  drive-off  any  cause  of  irritation  (§  280).  The  stimulus  is  conveyed,  in 
this  case,  not  through  the  Oliactory  nerve,  but  through  the  Fifth  pair ; 
so  that  it  is  not  dependent  upon  the  excitement  of  the  sensation  of  Smell. 
The  act  of  Coughing,  also,  may  be  regarded  as  of  a  protective  character ; 
being  destined  to  remove  sources  of  irritation  from  the  air-passages. 
Many  of  the  automatic  movements  performed  by  the  limbs  of  Frogs  and 
other  animals,  when  their  connection  with  the  brain  has  been  cut  off'(§  489), 
appear  destined  to  remove  these  parts  from  sources  of  irritation  or  injury; 
and  they  may  thus  be  rightly  placed  imder  the  same  category. 
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497,  The  fuct  that  Seuaation  is  very  commonly  associated  with  the 
reHex  actiona  we  have  been  considermg,  being  produced  by  the  impreB- 
sion  that  excites  them,  bfia  led  mmiy  to  auppose  tliut  it  neoeasarily  parti- 
cipates in  them  ; — a  doctrine  which  we  have  seen  to  be  imteaiible.  But 
the  question  not  lui naturally  arisc%  ityhi^  Sensation  shouJd  so  cotistantly 
participate  in  these  operations,  if  not  essential  to  them  ;  aud  the  atiBW*er 
to  tJiis  question  is  to  be  found  in  the  fact^  that  it  is  only  tli rough  gcnsa.- 
tion  that  a  higher  set  of  actiona,  mental  and  bodily,  ia  called  into  play» 
which  ifl  essential  to  the  conttntted  maitdeitaHce  of  tho^e  belonging  to 
the  present  category,  lUustrationa  of  tlxis  truth  might  be  drawn  firorri 
any  of  the  lunctions  alresidy  noticed;  but  the  Ingestion  of  food  will 
supply  U3  with  one  of  the  moat  apposite.  We  have  seen  tliat  the  act  ol 
Deghitition  ta  in  itself  independent  of  sensation;  anything  tliat  comes 
within  the  gnisp  of  the  pharyngeal  constrictors  being  conveyed  down- 
wards by  their  reflex  contraction,  just  as  anything  which  touches  rfie 
arms  of  a  Polype  is  entrapped  by  them  and  drawTi  into  the  stomach. 
But  this  action  in  attended  w^ith  sensation,  in  the  ordinary  condition  of 
the  higher  Aninud^  apparently  in  order  that  guidance  may  be  tlius 
afforded  in  tlie  performance  of  those  other  movements  of  prehensaon^ 
masticiition,  &c.,  by  which  tlie  ibod  may  be  brought  within  rea^ih  of  the 
apparatus  of  deglutition  ;  and  the  sensations  which  are  linked  \dt3i  these 
are  among  the  influenees  which  prompt  to  those  higher  mental  oi>enitionft, 
whereby  Ibod  is  provided  ibr  the  digestive  apparatus  to  make  use  of. 
The  Zoophyte  is  dependent  for  its  supplies  of  aHment  upon  w*hat  the 
currents  in  tlie  suiromidmg  Huid,  or  other  chances,  may  bring  into  its 
neighbourhood  ;  and  if  th^e  sl^ouid  fail^  it  sUirves.  The  anoncephalous 
Iniant,  again,  can  swallow,  and  even  suck ;  but  it  can  execute  no  other 
movements  adapted  to  obtain  the  supply  of  food  continually  neoessary 
for  its  maintenance^  beciiuse  it  hiis  not  a  mind  w^liich  sensations  could 
awake  into  activity,  Tho  aenimtiou  connected  with  excito-motor  actions 
has  not  only  tliis  important  end,  but  it  firct^uently  contributes  to  enjoy- 
nientf  as  in  Suction  and  Emissio  seminis.  The  sensation  accompmy- 
ir*g  the  actions  of  this  class,  moreover,  frecjuently  aflbrds  premonition 
of  danger^  or  gives  excitement  to  supplementary  actions  destined  to 
remove  it,  as  in  tlie  case  of  Itespi ration  ;  for  where  anything  interteres 
witli  the  due  discharge  of  tlie  function,  die  uneasy  senaition  tliat  ensut®, 
oceastona  vmwonted  movements,  which  are  more  or  less  adapted  to 
remove  the  imi>ediraent,  in  proportion  as  they  are  guided  by  judgment  as 
well  as  by  consciousness.  Again,  sensation  often  gives  warning  against 
Lnoonvenience,  as  in  the  Excretory  functions ;  and  here  it  is  very  evident, 
that  its  piu*pose  is  not  only  {if  it  be  at  all)  to  excite  tlie  associated 
muscles  neceasary  for  tho  excretion,  but  actually  to  mako  the  Will  set 
up  the  antagonizing  action  of  tl>e  sphincters  (§§  7r>,  77)* 

41) 8,  We  have  now  to  inquire  how  far  the  indejiendent  action  of  th« 
Spinal  Cord  is  concerned  in  the  general  niusciilar  movements  of  Man, 
imd  esfiecially  in  the  locomotive  actions  of  his  interior  extremities.  On 
this  point,  it  is  obvious  that  we  must  not  be  guided  by  tho  analogy  ol 
the  lower  animals ;  since  tlie  locomotive  and  other  movenients  of  Man 
are  for  the  most  part  volitional  and  purposive,  and  he  has  to  ac4)uire  by 
experience  that  control  over  his  nuieicular  apjiaratus  which  is  necesaary 
to  enable  him  to  perform  them  j  whilst  in  Invertebrata  generally,  and  in 
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a  large  part  of  the  lower  Vertebrata,  it  is  evident  that  the  movements  of 
progression,  <&c.  which  are  characteristic  of  each  species,  come  under  the 
general  category  of  automatic  actions,  and  are  provided-for  in  the  original 
organization  of  its  nervous  centres,  being  performed  without  any  educa- 
tion, and  under  circumstances  which  render  the  notion  of  a  purpose  on 
the  Animal's  own  part  quite  imtenable.     In  so  far  as  these  instinctive 
movements  require  the  guidance  and  direction  of  sensations,  they  must  be 
referred  to  the  '  consensual'  group ;  but  clear  evidence  is  afforded  by  the 
continuance  of  many  of  them  after  the  removal  of  the  centres  of  sensation, 
that  they  are  excito-motor  in  their  character,  and  that  they  require  no 
higher  centre  than  the  ganglia  which  correspond  to  the  Spinal  Ck)rd  of 
Man.*     There  can  be  little  doubt  that  the  habitual  movements  of  loco- 
motion, and  others  which  have  become  '  secondarily  automatic,'  may  be 
performed  by  Man  (imder  particular  circimistances)  through  the  agency 
of  the  Spinal  Cord  alone,  imder  the  guidance  and  direction  of  the  Sen- 
sorial centres,  or  even  without  such  guidance ;  the  required  condition 
being,  that  the  influence  of  the  Cerebrum  shall  be  entirely  withdrawn. 
Thus,  numerous  instances  are  on  record,  in  which  soldiers  have  continued 
to  march  in  a  soimd  sleep ;  and  the  Author  has  been  assured  by  an  intel- 
ligent witness,  that  he  has  seen  a  very  accomplished  pianist  complete  the 
performance  of  a  piece  of  music  in  the  same  state.f     A  case  has  been 
mentioned  to  him  by  his  friend  Dr.  William  Budd,  of  a  patient  labouring 
under  that  form  of  epilepsy  in  which  there  was  simply  a  temporary  sus- 
pension of  consciousness  without  convulsion,  who,  whenever  the  paroxysm 
came-on,  persisted  in  the  kind  of  movement  in  which  he  was  engaged  at 
the  moment ;  and  thus  on  one  occasion  fell  into  the  water  through  con- 
tinuing to  walk  onwards,  and  frequently  (being  a  shoemaker  by  trade) 
woimded  his  fingers  with  the  awl  in  his  hand,  by  a  repetition  of  the 
movement  by  which  he  was  endeavouring  to  pierce  the  leather.     Such 
facts  as  these  add  great  strength  to  the  probability,  that  when  the  Cere- 
bral power  is  not  suspended,  but  merely  directed  into  another  channel, 
as  in  the  states  of  Reverie  or  Abstraction,  and  the  attention  is  entirely 
drawn-o£E  from  the  movements  of  locomotion,  the  continuance  of  these  is 
due  to  the  independent  automatic  action  of  the  Spinal  Cord,  the  direction 
being  given  to  them  by  the  Sensory  Ganglia.     This  point,  however,  will 
be  more  fully  considered  hereafter  (§  523) ;  at  present  it  may  be  remarked, 
that,  when  a  regular  train  of  movements  is  being  performed   under  such 
conditions,  every  single  action  may  be  probably  regarded  as  affording  the 
stimulus  to  the  next ;  each  contact  of  the  foot  with  the  ground,  in  the 
act  of  walking,  exciting  the  muscular  contractions  which  constitute  the 
next  step; J  and  each  movement  of  the  musician  prompting  that  which 
has  customarily  followed  it,  after  the  same  fashion. 

•  See  "Princ.  of  Comp.  Phyg.,"  §§  649-654. 

t  In  playing  by  memory  on  a  muuc^  insimment,  the  mtuctUar  sense  often  suggests  the 
sequence  of  movements  with  more  certainty  than  the  auditory;  and  since  the  impressions 
deriTed  from  the  mnsdes  may  prompt  and  regnlate  successionai  movements,  without 
affecting  the  consciousness,  there  is  no  such  improbability  in  the  above  statement  as  might 
at  first  sight  appear. 

t  The  truth  of  this  view  seems  to  the  Author  to  be  strongly  supported  by  observation  of 
the  mode  in  which  Infants  learn  to  walk ;  for  it  may  often  be  observed  Uiat  long  before 
they  can  stand,  they  will  instinctively  perform  the  movements  of  walking,  if  they  be  so 
supported  that  the  feet  touch  the  ground. 


536 


FDKCTIONS   OF    THE    CEEEDRO- SPINAL   HKIIV0L*S    SYSTEM. 


499«  Now  in  all  thmti  casas,  it  seenig  reasoiuilJe  to  infetf  that  die  same 
kind  of  connection  between  the  excitor  and  niotor  nerves  comes  to  be 
formed  by  a  process  of  gradual  development,  us  originally  exists  in  the 
nervoui  systems  of  those  animals  whose  movements  are  entirely  auto- 
matic ;  this  portion  of  the  nervone  system  of  Man  being  so  constituted, 
m  to  grow-to  the  mode  in  which  it  is  habitually  called  into  play*  Snch 
an  idea  is  supported  by  all  tiiat  we  know  of  the  formation  and  persistence 
of  habits  of  nervo-rauscnlar  action.  For  it  is  a  matter  of  universal  ex- 
perience tliat  such  habits  are  tar  more  readily  acquired  during  the  periods 
of  in&ncy,  childhood,  and  youth,  than  diey  are  ailer  the  attainment  of 
adult  age ;  and  that^  the  earlier  tJiey  are  acquired^  die  more  tenxvcioualy 
are  they  retained.  Now  it  is  whilst  the  organism  is  growing  most  rapidly, 
and  the  greatest  amoimt  of  new  tissue  is  consequently  being  ibrmed^ 
that  we  ^ould  expect  such  new  connections  to  be  most  readily  esta* 
bliahed ;  and,  it  is  Uien,  too,  that  the  assimilative  processes  most  readily 
take- on  that  new  mode  of  action  (§  318),  which  often  becomes  so  com- 
pletely a  *  second  nature,'  as  to  keep- up  a  certain  acquired  mode  of 
nutrition  through  the  whole  subsequent  lite.  It  is  au  additional  and 
most  important  confirmation  of  this  view,  to  find  that  when  a  nerve- 
trunk  has  been  cut-across,  the  re- establishment  of  its  conductive  power 
which  takes-place  after  a  certain  interval  is  effected,  not  by  the  re- union 
of  the  divided  fibres,  but  by  the  devtlopment  of  a  new  set  of  peripheral 
fibres  in  the  place  of  the  old  ones  (which  undergo  a  gradual  degeneration), 
this  development  proceeding  from  the  point  of  section,  and  the  central 
fibres  remaining  unaltered.* — That  an  actual  continuity  of  nen^e- fibres, 
howeveTj  is  not  requisite  for  tlie  establishment  of  those  connections 
between  excit^^r  and  motor  nerves,  in  which  the  central  organs  take  part, 
seems  probable  from  the  fact,  that  under  psirticuhir  circun>stanc<^  we 
find  the  influence  of  such  impressions  radiating  in  every  direction,  and 
extending  to  nerves  which  tliey  do  not  ordinarily  affect.  Still  there 
can  be  no  doubt  dmt  the  nerve-force  is  disposed  to  paas  in  special 
tracks ;  and  it  seems  probable  that  whilst  some  of  these  are  originally 
marked-out  for  the  autr^matic  movements,  others  may  be  gradually  woni- 
in  (so  to  speak)  by  the  liabitual  action  of  the  Will ;  and  that  thus,  when 
a  train  of  sequential  actionji  primarily  directed  by  the  Will  has  been  once 
set  in  operation,  it  may  continue  without  any  further  influence  from  that 
source. 

500.  Another  manifestation  of  the  independent  power  of  the  Spinal 
G?rd,  is  seen  in  its  irifiuence  on  Muscidar  Tension. — The  varioua  muscles 
of  the  body,  even  when  there  is  die  most  complete  absence  of  effort^ 
maintain  in  the  hetdthy  state  of  the  system  a  certain  d^ree  of  firmness, 
by  their  antagonism  with  each  other ;  antl  if  any  set  of  muscles  be  com^ 
pletely  paralyzed,  the  opposing  nuiscles  will  draw  the  part  on  which  tliey 
act,  out  of  its  position  of  repose ;  as  is  well  seen  in  the  distortion  of  tlie 
face  which  is  characteristic  of  paralysis  of  the  facial  nerve  on  one  side. 
This  condidon  has  been  designated  as  the  tone  of  the  IVrusclea ;  but  this 
term  renders  it  Hable  to  be  confounded  with  their  tonic  contraction^  which 
is  also  concerned  in  maintaining  their  firmness,  but  which  is  a  mani* 
festation  of  the  simple  contractility  of  their  tissue,  and  is  exhibited  alike 
by  the  striated  and  the  non-striated  forms  of  muscukr  fibre,  but  more 

*  See  Dr,  Wnller'i  Important  rcseftmhes  oa  the  KeprodudJoa  of  Kerroti«  SalMtanoi^ 
m  **Muller'i  Archir,"  1352,  befl  Iv, 
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especially  by  the  latter.  On  the  other  hand,  the  condition  now  alluded- 
to,  which  may  perhaps  be  appropriately  termed  their  tension^  is  the  result 
of  a  moderate  ^ough  continued  excitement  of  that  contractility,  through 
the  nervous  centres.  It  has  been  proved  by  Dr.  M.  Hall,  that  the  Mus- 
cular Tension  is  dependent,  not  upon  the  influence  of  the  Brain,  but 
upon  that  of  the  Spinal  Cord ;  as  the  following  experiments  demonstrate. 
— "  Two  Babbits  were  taken ;  from  one  the  head  was  removed ;  from  the 
other  also  the  head  was  removed,  and  the  spinal  marrow  was  cautiously 
destroyed  with  a  sharp  instrument :  the  limbs  of  the  former  retained  a 
certain  degree  of  firmness  and  elasticity ;  those  of  the  second  were  per- 
fectly lax."  Again :  "  The  limbs  and  tail  of  a  decapitated  Turtle  possessed 
a  certain  degree  of  firmness  or  tone,  recoiled  on  being  drawn  firom  their 
position,  and  moved  with  energy  on  the  application  of  a  stimulus.  On 
withdrawing  the  spinal  marrow  gently  out  of  its  canal,  all  these  pheno- 
mena ceased.  The  limbs  were  no  longer  obedient  to  stimuli,  and  became 
perfectly  flaccid,  having  lost  all  their  resilience.  The  sphincter  lost  its 
circular  form  and  contracted  state,  becoming  lax,  flaccid,  and  shapeless. 
The  tail  was  flaccid,  and  unmoved  on  the  application  of  stimidi."*  It  is 
frirther  remarked  by  Messrs.  Todd  and  Bowman,  that  '^  a  decapitated  frog 
will  continue  in  the  sitting  posture  through  the  influence  of  the  spinal 
cord ;  but  immediately  this  organ  is  removed,  the  limbs  fiJl  apart." — 
This  operation  of  the  Spinal  Cord  is  doubtless  but  a  peculiar  manifestation 
of  its  ordinary  reflex  frmction.  A  curious  experiment  by  M.  Brown- 
S^uardf  shows  that  this  effect  is  not  due  to  loss  of  contractility  in  the 
muscles ;  for  although,  afl«r  division  of  the  Spinal  Cord,  there  is  a  tem- 
porary diminution  in  their  power,  after  a  short  interval  the  muscles  when 
stimulated  to  contract  will  not  only  raise  an  equal  but  even  a  greater 
weight  than  before,  the  effect  lasting  in  healthy  frogs  for  24  hours  or 
more.  Thus,  two  Frogs,  A  and  B,  had  weights  fastened  to  the  hind-l^s 
until  they  were  imable  to  raise  them ;  the  weighting  amoimted  in  each  case 
to  925  grains.  Immediately  after  division  of  the  Cord  they  were  able  to 
raise— 


A,  808  gr&inii 

6  min. 
after. 

ISmio. 
after. 

25  min. 
after. 

1  hoar 
after. 

2  hours 
after. 

4  hoorB 
after. 

24  hours 
after. 

48  hours 
after. 

694 
463 

925 
617 

1283 
925 

2003 
1540 

2160 
1851 

2160 
2008 

2314 
2160 

2314 
2160 

We  shall  hereafter  see  how  much  the  influence  of  the  Will  in  producing 
the  active  contraction  of  a  muscle,  is  dependent  upon  sensations  received 
from  it ;  and  it  seems  highly  probable  that  the  impression  of  the  state  of 
the  muscle,  conveyed  by  the  afferent  fibres  proceeding  from  it  to  the 
spinal  cord,  is  sufiicient  to  excite  this  state  of  moderate  tension  through 
the  motor  nerves  arising  from  the  latter.  Such  a  view  derives  probability 
from  the  fact,  which  must  have  fallen  under  the  observation  of  almost 
every  one,  that  most  reflex  actions  become  increased  in  energy,  if  resist- 
ance be  made  to  them.  Of  this  we  have  familiar  examples  in  the  action 
of  the  expulsor  muscles  which  operate  in  defecation,  urination,  and 
parturition,  if,  when  they  are  strongly  excited,  their  efforts  be  opposed 
by  spasmodic  contraction  of  the  sphincters,  or  by  mechanical  means. 
Many  forms  of  convulsive  movement  exhibit  the  same  tendency,  their 
•  "Memoim  on  the  Nerrous  System,"  1837,  p.  93.        f  **Compte8  Rendus,"  1847. 
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violeneo  being  propordonal  to  the  mecimnical  farce  used  to  restraiii  theni^ 
Here  it  is  evident  that  (Jie  impression  Cff  resistance  convej^ed  to  the  Spinal 
Cord,  ia  the  source  of  the  increased  energy  of  its  motor  iniluence ;  from 
which  we  may  fiiirlj  infer  that  the  moderate  reaiatiince  occasioned  by  the 
natural  antagonism  of  the  muscles^  is  the  source  of  their  continued  and 
moderate  tension,  wliilst  they  are  imder  the  influence  Off  the  Spinal  Cord. 
Thijs  constant  though  gentle  action  serves  to  keep -up  the  ontrition  of  the 
muEcles  whJcb  are  pandyzed  to  the  will ;  and  this  is  stUJ  more  com- 
pletely maintained,  if* the  portion  of  t!ie  nervoua  centres  witli  which  they 
remain  connected  be  so  unduly  irritable,  that  the  musdes  are  called  into 
contraction  u[x»n  the  slightest  excitation,  and  are  ikiuB  continually  exlil- 
biting  twitchings,  atartings,  or  more  powertul  convulaive  movements.  It 
is  upon  the  continiiance  of  tJie  nutrition  of  the  m^uRcle^  diat  the  per- 
dsfceiicc  of  their  contractility  depends ;  and  hence  the  Spinal  Cord  has  an 
indirect  influence  upon  this  |)eGuliar  property,  which  is  more  likely  to 
be  retained  when  the  muscle  ii  stlLJ  subject  to  the  influence  of  the  Spinal 
Cord,  though  cut-off  from  that  of  the  Brain,  than  when  it  is  completely 
paridyzed  by  the  entire  severance  of  its  connection  with  the  nervous  centres. 

3.  0/  the  Sensory  Ganglia  and  their  Functions* — Comenmal  Mov€m€nt&, 

501.  At  the  base  of  the  Brain  in  Man,  concealed  by  the  Cerebral 
Hemispheres,  but  BtiU  readily  diatingtiishable  from  them,  we  find  the 
eeriea  of  ganglionic  mtisses  which  have  Vjeen  alreiidy  mentioned  as  being 
in  direct  connection  with  the  nerves  of  Senaation,  »id  which  appear  t,o 
have  functions  quite  independent  of  those  of  the  other  components  of  the 
Encephalon.  These  ore  tlie  Oliactory  and  Optic  ganglia  (Corpora  Quad- 
rigemina),  with  tlie  Auditory  and  Guatatory  centres  contained  in  the 
liledtdla  Oblongata.  The  structure  of  tlie  Corpora  Quadrigemina  haa 
been  shown  by  Mr.  Lockhart  Clarke*  to  consist  of  nerve-oells  together 
with  oblitjue,  transversci  and  longitudinal  nerve- fibres  resting  on  an 
arched  transparent  lamina,  which  forms  the  roof  of  the  Sylvian  Aque- 
duct. A  large  proportion  of  the  Optic  tract  is  connected  with  the 
natea. — But  besidea  these,  at  the  base  of  the  Cerebral  Hemispheres, 
we  find  two  other  large  ganglionic  masses  on  either  side,  through  whidi 
nearly  all  tJie  fibres  appear  to  jiass  that  connect  the  llemispherea  wltli 
the  Medulla  Oblong?ita:  namely,  tlie  Tkatami  Opiici,  smd  the  Coi^nra 
Striata,  Now,  although  these  are  commonly  regarded  In  tlie  light  of 
appendages  merely  to  the  Cerebral  Hemispheres,  it  is  evident  from  tlio 
large  quantity  of  vesicular  matter  they  contain,  tlmt  tliey  must  rank  as 
independent  ganglionic  centres ;  and  tliis  view  ia  supported  alike  by  the 
evidence  of  Comparative  Anatomy,  and  by  tliat  afforded  by  the  history  of 
Development.  For  it  is  certain  that  the  size  of  the  Tlialami  Optic i  and 
Corpora  Striata  presents  no  more  relation,  in  different  tribes  of  aniniala, 
to  that  of  the  Cerebrum,  than  does  that  of  the  ganglia  of  Sj)ocial  Sense ; 
and  they  may  even  present  a  considemble  development,  when  the  condi- 
tion of  the  Cerebrum  is  quite  rudimentary.  Thus  in  the  Osseous  Fisliea, 
a  careful  examination  of  the  relations  of  the  body  which  is  known  as  the 
Optic  lobe  (Fig,  ^1,  c)  makes  it  apparent  that  tiiis  is  the  representative, 
not  merely  of  the  proper  Optic  ganglion  of  Man,  but  also  of  the  Thalamus 
Opticus ;  whilst,  again,  the  mass  which  is  designated  as  the  Cerebral  lobe 

*  ''Proee<3diag»  of  the  Eofol  Society,''  June  20,  1@6U 
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(b)  is  chiefly  homologous  with  the  Corpus  Striatum  of  higher  animals. 
The  nature  of  the  latter  body  is  made  apparent,  in  the  higher  Cartila- 
ginous Fishes,  by  the  presence  of  a  ventricle  in  its  interior ;  the  floor  of 
this  cavity  being  formed  by  the  Corpus  Striatum,  whilst  the  thin  layer  of 
nervous  matter  which  forms  its  roof  is  the  only  representative  of  the 
Cerebral  hemisphere.  So  in  the  Human  embryo  of  the  6th  week,  we  find 
a  distinct  vesicle  for  the  Thalami  Optici,  interposed  between  the  vesicle 
of  the  Corpora  Quadrigemina  and  that  which  gives  origin  to  the  Cerebral 
Hemispheres;  whilst  l£e  Corpora  Striata  constitute  the  fioor  of  the  cavity 
or  ventricle  which  exists  in  the  latter,  this  being  as  yet  of  comparatively 
small  dimensions. — ^Now,  as  already  pointed-out  (§  475),  we  may  dis- 
tinguish in  the  Medulla  Oblongata  and  Crura  Cerebri  a  sensory  and  a 
motor  tract,  by  the  endowments  of  the  nerves  which  issue  from  them. 
The  sensory  tract  may  be  traced  upwards,  until  it  almost  entirely  spreads 
itself  through  the  substance  of  the  Thalamus.  Moreover,  the  Optic  nerves 
and  the  peduncles  of  the  Olfective  may  be  shown  to  have  a  distinct  con- 
nection with  the  Thalami,  the  former  by  the  direct  passage  of  a  portion 
of  their  roots  into  these  ganglia,  and  the  latter  through  Sie  medium  of 
the  Fornix.  Hence  we  may  feirly  regard  the  Thalami  Optici  as  the 
chief  focus  of  the  Sensory  nerves,  and  more  especially  as  the  ganglionic 
centre  of  the  nerves  of  common  sensation,  which  ascend  to  it  from  the 
Medulla  Oblongata  and  Spinal  Cord. — On  the  other  hand,  the  Corpora 
Striata  are  implanted  on  the  Motor  tract  of  the  Crura  Cerebri,  which 
descend  into  the  Pyramidal  columns ;  and  their  relation  to  the  fibres  of 
which  that  tract  is  composed,  appears  to  be  essentially  the  same  as  that 
which  the  Thalami  bear  to  the  sensory  tract. — The  Corpora  Striata  are 
connected  with  each  other,  on  the  median  plane,  by  the  anterior  commis- 
sure ;  and  the  Thalami  Optici,  by  the  soft  and  the  posterior  commis- 
sures. The  Corpus  Striatum  and  Thalamus  Opticus  of  the  same  side  are 
very  closely  connected  by  commissural  fibres,  stretching  from  one  to  the 
other ;  and,  if  the  preceding  account  of  the  respective  ofiices  of  these 
bodies  be  correct,  they  may  be  r^arded  as  having  much  the  same  relation 
to  each  other,  as  that  which  exists  between  the  posterior  and  anterior 
peaks  of  vesicular  matter  in  the  Spinal  Cord  ;*  the  latter  issuing  motor 
impulses  in  respondence  to  sensations  excited  through  the  farmer.  They 
are  also  intimately  connected  with  other  ganglionic  masses  in  their  neigh- 
bourhood, such  as  the  *  locus  niger,'  and  the  vesicular  matter  of  the  *  tuber 
annulare;'  which,  again,  are  in  close  relation  with  the  vesicular  matter  of 
the  Medulla  Oblongata. 

502.  It  has  been  commonly  supposed  that  the  fibres  of  the  Crura  Cere- 
bri, after  entering  tlie  Corpora  Striata  and  Thalami  Optici,  pass  continu- 
ously through  these  bodies,  receiving  *  reinforcements'  of  additional  fibres 
from  their  ganglionic  matter ;  and  that  they  then  radiate  to  the  internal 
surfiice  of  the  grey  matter  of  the  Cerebral  Hemispheres.  Such  would 
certainly  be  the  conclusion  to  which  a  superficial  examination  of  their 
course  would  lead.  But  very  strong  reasons  have  recently  been  advanced 
for  the  belief,  that  the  fibres  of  the  Crura  Cerebri  for  the  most  part,  if  not 
entirely,  terminate  in  the  vesicular  substance  of  the  Corpora  Striata  and 
Thalami  Optici ;  and  that  the  radiating  fibres  of  the  Hemispheres  take  a 
fresh  departure  from  these  gangUa,  serving,  in  fact,  the  part  of  commis- 

*  This  was  first  pointed-out  by  Messrs.  Todd  and  Bowman,  in  their  "Physiological 
Anatomy,**  vol.  i.  pp.  347-360. 
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Bures  to  connect  their  vesicular  substance  with  that  of  the  Cerebral 
ganglia.*  And  this  view,  as  we  shall  hereafter  seex  is  l^i  complete  accord- 
ance with  the  existence  of  a  very  decided  physiological  separation  between 
these  two  sets  of  organs, — Altogether  it  ija  veiiy  evident^  tliat  a  aeries  of 
true  ganglionic  centres  exists  at  the  base  of  the  Encephalon,  which  are 
really  as  distinct  firom  either  the  Cerebrum  or  Cerebellum  as  the  latter 
are  from  each  other ;  and  as  these  centres  are  in  immediate  connection 
with  the  nerves  both  of  sp^^cial  and  of  tjenend  Sense j  they  may  be  ap[iro* 
priately  designated  the  Senior t^  Gantfltti.^An  inquiry  into  the  distribu- 
tion and  endowments  of  their  nerves  will  ussist  ua  in  the  determination  of 
the  tiinctiona  of  Uie  central  organs  in  which  they  term  mate. 

5 OS,  Nerms  of  Special  Sense. — ^Tbrough  the  First  jiair,  or  01  f actor tf 
nerve,  are  tranismitted  tbe  impressions  made  by  odorous  emanations  upon 
the  surface  it  supphes ;  and  it  is  not  susceptible  to  impressions  of  any 
other  kind.  Anatomical  examination  of  the  distribution  of  this  nerve 
proves  that  it  is  not  one  which  directly  conveys  motor  influence  to  any 
muscles,  since  all  its  branches  are  distributed  to  the  membrane  lining  the 
nasal  cavity ;  and  experimental  inquiry  leads  to  the  eame  resiilt^  for  no 
irritation  of  the  peduncles  or  branches  excites  any  muM^ular  movement. 
Further,  no  irritation  of  any  part  of  this  nerve  excites  reflex  actioDd 
through  other  nerves.  Again,  it  is  not  a  nerve  of  ^  common  *  sensation  ; 
tor  animals  exhibit  no  signs  of  j>ain  when  it  is  subjected  to  any  kind  of 
irritation.  Neither  the  division  of  the  nerve,  nor  the  destruction  of  the 
olJactive  ganglia^  seems  to  inconvenience  them  materially.  They  take 
their  ibod,  move  with  their  accustomed  agihty^  and  exhibit  the  usual 
appetites  of  tlieir  kind.  The  *  common  *  sensibilitv  of  the  parte  contained  in 
the  olfiictive  organ  is  in  no  degree  impaired,  as  is  shown  by  tlie  effect  of 
irritating  vapours  ;  but  the  animals  are  destitute  of  the  sense  of  smell,  as 
is  shown  by  the  way  in  which  these  vapouri  affect  them ;  for  at  first  they 
apj*ear  indifferent  to  their  presence,  and  then  suddenly  and  vehemently 
avoid  them  as  soon  as  the  Schneiderian  membrane  becomes  irritated* 
Moreover,  if  two  dogs,  with  the  eyes  bandaged,  one  having  the  oliactory 
nerves  and  ganglia  sound,  and  the  other  having  had  them  destroyed,  are 
brought  into  the  neighbourhood  of  the  dead  body  of  an  animal ,  the  former 
will  examine  it  by  its  smell ;  whilst  the  latter,  even  il'  he  touches  it,  pays 
no  attention  to  it.  This  experiment  Valentin f  states  that  he  has  repeated 
several  times,  and  always  with  the  same  results.  Further,  common  ob- 
servation sliows  that  seiisibiUty  to  irritants^  such  as  snuif,  and  acutenesa 
of  smelly  bear  no  constant  proportion  to  one  another ;  and  tliere  is  ample 
pathological  evidence,  that  the  want  of  this  sense  is  connected  with  some 
morbid  condition  of  the  oUactory  nerves  or  ganglia. — It  is  well  known 
that  Magendie  has  maintained,  that  the  Filth  pair  in  some  way  tiimishes 
conditions  requisite  for  the  exercise  of  the  power  of  smell ;  asserting  that^ 
when  it  is  cut,  the  animal  is  deprived  of  this  sense.  But  his  experiments 
were  made  with  irritating  vapours^  which  excite  sternutation  or  other 
violent  muscnlar  actions,  not  through  the  Olfactory  nerve,  but  through  the 
Fifth  pair;  and  the  experiments  of  Valentin,  just  rektcd,  fully  prove  that 
the  animals  are  not  sensitive  to  odours^  strictly  so  called^  after  the  Olfac- 
tory nerve  has  heen  divided.     The  acuteuess  of  the  true  sense  of  smell  is 

*  See  esjicciallj  llleiutra.  Todd  wid  Bowman^fl  **PIiyBiol6giciiI  Aofttomj,-^  vol.  i,  p.  277; 
ftod  Fmf.  Knlliker''B  '^Mikri>sko[jisehe  AmiUiritie,^'  baud  ii.  j§  llS. 
f  **Dc  FuDatJujjibna  Nervorum  Ccrtibralinm,"  &c*j  BentiOi  Id^Pt 
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lessened  by  section  of  the  Fifth  pair;  but  this  is  because  the  Schneiderian 
membrane  is  then  no  longer  duly  moistened  by  its  proper  secretion,  and 
when  dry  it  is  less  susceptible  of  the  impressions  made  by  those  minute 
particles  of  odoriferous  substances,  to  which  the  excitement  of  the  sensa- 
tion must  be  referred. 

504.  That  the  Second  pair,  or  Optic  nerve,  has  an  analogous  character, 
appears  alike  from  anatomical  and  experimental  evidence.  No  chemical 
or  mechanical  stimulus  of  the  trunk  produces  direct  muscular  motion ; 
nor  does  it  give  rise,  so  far  as  can  be  ascertained,  to  indications  of  pain  ; 
whence  it  may  be  concluded  that  this  nerve  is  not  one  of  ^  common '  sen- 
sation. That  the  ordinary  sensibility  of  the  eyeball  remains,  when  the 
functions  of  the  Optic  nerve  are  completely  destroyed,  is  well  known;  as 
is  also  the  &ct,  that  division  of  it  puts  an  end  to  the  power  of  vision. 
Valentin  states  that,  although  the  Optic  nerve  may,  like  other  nerves,  be 
in  appearance  completely  regenerated,  he  has  never  been  able  to  obtain 
any  evidence  that  the  power  of  sight  has  been  in  the  least  d^ee  reco- 
vered. He  remarks  that  animals  suddenly  made  blind  exhibit  great 
mental  disturbance,  and  perform  many  unaccustomed  movements;  and  that 
the  complete  absence  of  the  power  of  vision  is  easily  ascertained.  Morbid 
changes  are  sometimes  observed  to  take  place  in  eyes  whose  Optic  nerve  has 
been  divided ;  but  these  are  by  no  means  so  constant  or  so  extensive,  as  when 
the  Fifth  pair  is  paralyzed ;  and  they  may  not  improbably  be  attributed  to 
the  injury  occasioned  by  the  operation  itself,  to  the  parts  within  the  orbit. 

505.  The  Optic  nerve,  though  analogous  to  the  Olfactory  in  all  the 
points  hitherto  mentioned,  differs  from  it  in  one  important  respect; — ^that 
it  has  the  power  of  conveying  impressions  which  excite  reflex  muscular 
motions.  This  is  especially  the  case  in  regard  to  the  Iris,  the  ordinary 
actions  of  which  are  r^ulated  by  the  degree  of  light  impinging  on  the 
retina.  When  the  Optic  nerve  is  divided,  contraction  of  the  pupil  takes 
place;  but  this  does  not  occur,  if  the  connection  of  this  nerve  with  the 
third  paif ,  through  the  nervous  centres,  be  in  any  way  interrupted.  Aft;er 
such  division  (if  complete),  the  state  of  the  pupil  is  not  affected  by  varia- 
tions in  the  degree  of  light  impinging  on  the  retina ;  except  in  particular 
cases,  in  which  it  is  influenced  through  other  channels.  Thus,  in  a 
patient  suffering  imder  amaurosis  of  one  eye,  the  pupil  of  the  affected  eye  is 
oflen  foimd  to  vary  in  size,  in  accordance  with  tiat  of  the  other  eye ;  but 
this  effect  is  due  to  the  action  of  light  on  the  retina  of  the  sound  eye, 
which  produces  a  motor  change  in  the  Third  pair  on  both  sides.  Further, 
as  ah-eady  shown  (§  496),  the  impression  only  of  light  upon  the  retina  may 
give  rise  to  contraction  of  the  pupil,  by  reflex  action,  when  the  Optic 
nerve  is  itself  sound ;  whilst  no  sensations  are  received  through  the  eye, 
in  consequence  of  disease  in  the  sensorial  portion  of  the  nervous  centres. 
Although  the  contraction  of  the  pupil  is  effected  by  the  influence  of  motor 
fibres,  which  proceed  to  the  sphincter  of  the  Iris  from  the  third  pair  of 
nerves,  through  the  Ophthalmic  ganglion,  its  dilatation  (as  we  shall 
hereafler  see)  depends  upon  the  influence  it  derives  from  the  Sympa- 
thetic system,  of  which  that  ganglion  forms  part. — Besides  the  contraction 
of  the  pupil,  another  action  of  a  *  reflex'  character  is  produced  through 
the  Optic  nerve;  namely,  the  contraction  of  the  Orbicularis  muscle  under 
the  influence  of  strong  light,  or  when  a  foreign  body  is  suddenly  brought 
near  the  eye.  But  thiR  cannot  be  excited  without  a  consciousness  of  the 
visual  impression ;  in  fact,  it  is  a  movement  of  a  ^  consensual'  kind,  pro- 
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duced  by  the  fia.mful  sfinsatioii  of  light,  which  gives  rise  to  l3ie  eonditioti 
well  charBcterked  by  the  term  photophobia.  The  iiivoltintaiy  character  of 
it  muafc  be  evident  to  every  one  who  has  been  engaged  in  the  treatment 
of  diseaaea  of  the  eyes ;  and  the  effect  of  it  is  aided  by  a  similarly-invo- 
luntaTy  movement  of  the  eyebaU  itself,  which  is  rotated  npwardfi  and  in- 
wards, to  a  greater  extent  than  the  Will  appears  able  to  effect, — Another 
refieic  movement  excited  through  the  viaiuil  sense,  is  that  of  Sneezing, 
which  13  iuduced  in  many  individimls  by  the  sudden  ex|XJSiire  of  tlie  eyes 
to  a  strong  light :  of  the  purely  automatic  character  of  tlxia  movement 
there  can  be  no  question j  since  it  cannot  be  imitated  voluntarily ;  and 
that  it  is  not  excito-motor,  is  proved  by  tlie  iact  that  it  is  not  excited 
unless  the  light  be  seen.* 

506,  There  is  a  fiirther  peculiarityi  of  a  very  marked  kind,  attending 
the  course  of  the  Optic  nerves;  this  is  the  crossing  or  '  decussjition  *  whicli 
they  imdergo  more  or  less  completely,  whilst  passing  between  their  ganglia 
and  the  eyes*  In  some  of  the  lower  animals,  in  wliich  the  two  eyes  (from 
t^eir  lateral  position)  have  entirely  different  spheres  of  vision,  the  decus- 
^tion  is  complete ;  the  whole  of  the  fibres  from  the  right  optic  ganglion 
passing  into  the  left  eye,  and  tnce  tf€r»d>  This  is  the  case,  for  example, 
with  moat  of  the  Oflseons  Fishes  (as  the  cod,  halibiit,  d'c);  and  also,  in 
great  part  at  least,  with  Birds.|  In  Uie  Human  subject,  however,  and  in 
Hnimala  which,  like  Mm,  have  the  axes  of  both  eyes  directed  to  the  same 
object,  the  decussation  seemi^  less  complete  ;  but  there  is  a  very  remark- 
able arrangement  of  the  fibres,  which  seems  destined  to  briag  the  two  eyes 
Into  peculiarly  consentaneous  action.  The  pn,^ tenor  border  of  the  Optic 
Chiasnm  is  formed  exclusively  of  cotmtmmirai  (ibresj  which  pass  from  one 
0pttc  ffiingliou  to  the  other,  without  entering  the  real  optic  nerve*  Again^ 
the  anterior  border  of  the  Chiasma  is  composed  of  fibres,  which  seem,  in 
like  manner,  to  act  as  a  commissure  between  the  two  retime;  passing  from 
one  to  the  other,  without  any  connection  with  the  optic  ganglia.  The 
tract  which  lies  betw^een  the  two  borders^  and  occupies  the  midMie  of  the 
Chiasma,  is  the  true  Optic  Nerve;  and  in  tiiie  it  w^ould  appear  that  a  por* 
tion  of  tiie  fibres  decussates,  whilst  another  portion  pnaaet  directly  from 
each  Optic  ganglion  into  the  eoiTei^ponding  eye.  The  fibres  which  proceed 
from  the  gangha  to  the  retins;,  and  constitute  the  proper  Optic  Nerval 
may  be  distinguisbed  icto  an  internal  and  an  exteriml  tract.  Of  these  tho 
externa  I J  on  each  aidci  passes  directly  onwards  to  the  eye  of  that  side  : 
whilst  the  i fit  erf  ml  crosses  over  to  the  eye  of  the  opposite  side*  The  dis- 
tribution of  these  two  sots  of  fibres  in  tie  retina  of  each  eye  respectively, 
is  such  that,  according  to  Mr,  Mayo,  the  iibres  from  either  optic  ganglion 
will  be  distributed  to  its  own  side  of  both  eyes  ;|  the  right  optic  ganglion 

*  A  patient  wna  for  §ome  time  tn  the  London  Hospital,  hi  wbom  thtiTG  was  nneh  tm  ttndue 
buproBubility  of  the  retina,  that  she  i!ouId  Dot  rcmoJa  in  evea  a  moderate  tight  without 
ft  coDtion&l  rtjp^titioa  of  tlie  act  of  Sneezing. 

t  Bee  Solly  od  "  The  HQtoan  Bmin/'  2nd  edit.,  p.  23S. 

i  Tbii  urai^gemeat  wba  first  hjpoliieticiLllj  Auggeeted  by  Dr.  WollukMi  {"  ^hUm, 
Traiit.^''  1824),  m  fadUUting  the  explauatioD  of  wme  of  the  phenomenft  of  TiatOQi  uid 
naort  pftrfcieuLLrfj  slagle  rmmn  with  two  ejea.  We  sh&U  bereafter  see,  Kawcter,  that  the 
till|leiietti  of  the  imprcasion  resultitigfrem  the  fortniitlaa  of  two  pictnr@a  upon  our  Illliue^ 
itaotftttribuUUe  to  anyEsuch  anatomira^!  armngemcDii  their  oomhliuvtion  being  a  men^ 
prpeea«,  and  the  tn&lftn  of  two  diifiinil^r  pictaren  being  requinle  to  enahle  as  to  exorcine 
one  of  ^e highest  Attrihu tea  of  the  vlsnifil  sdufie,  tha  perccj)tion  ofprt^twn,  (See  cn  A  i-  xr. 
Beci.  5,} 
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being  thus  exclusively  connected  with  the  outer  part  of  the  retina  of  the 
right  eye,  and  with  the  inner  part  of  the  retina  of  the  left;  whilst  the  left 
optic  ganglion  is  connected  exclusively  with  the  outer  side  of  the  left 
retina,  and  with  the  inner  side  of  the  right.  Now  as  either  side  of  the  eye 
receives  the  images  of  objects  which  are  on  the  other  side  of  its  axis,  it 
follows,  if  this  account  of  the  distribution  of  the  nerves  be  correct,  that  in 
Man,  as  in  the  lower  animals,  each  ganglion  receives  the  impressions  of 
objects  situated  on  the  opposite  side  of  the  body.  The  purpose  of  this  de- 
cussation may  be,  to  bring  the  visual  impressions,  which  are  so  important 
in  directing  the  movements  of  the  body,  into  proper  harmony  with  the 
motor  apparatus ;  so  that  the  decussation  of  the  motor  fibres  in  the  pyra- 
mids being  accompanied  by  a  decussation  of  the  optic  nerves,  the  same 
effect  is  produced  as  if  neither  decussated, — which  last  is  the  case  with 
Invertebrated  animals  in  general.*  The  view  above  stated  has  received 
important  corroboration  firom  the  interesting  observation  of  Mr.  Towne, 
that  a  blending  of  two  colours  occurs  if  their  images  are  simultaneously 
presented  to  die  inner  side  of  one  retina  and  the  outer  side  of  the  other 
retina,  but  not  otherwise. 

507.  The  functions  of  the  Auditory  nerve,  or  Portio  Mollis  of  the  7th, 
are  easily  determined,  by  anatomical  examination  of  its  distribution,  and 
by  observation  of  pathological  phenomena,  to  be  analogous  to  those  of 
the  two  preceding.  Atrophy  or  lesion  of  the  trimk  destroys  the  sense  of 
Hearing ;  whilst  irritation  of  it  produces  auditory  sensations,  but  does 
not  occasion  pain.  From  experiments  made  upon  the  nerve  before  it 
leaves  the  cranial  cavity,  it  appears  satisfactorily  ascertained  that  this 
nerve  is  not  endowed  eitfier  with  common  sensibility  or  with  the  power 
of  directly  stimulating  muscular  movement.  Nor  can  any  obvious  refiex 
actions  be  executed  by  irritation  of  this  nerve ;  but  it  seems  nevertheless 
by  no  means  improbable,  that  the  muscles  which  regulate  the  tension  of 
the  Tympanum  are  called  into  action  by  impressions  made  upon  it  and 
reflected  through  the  auditory  ganglion,  in  the  same  manner  as  the 
diameter  of  the  pupil  is  regulated  through  the  optic  nerve.  In  the  invo- 
luntary start,  however,  which  is  occasioned  by  a  loud  and  sudden  sound, 
we  have  an  example  of  a  comensual  movement  excited  through  the 
Auditory  nerve,  which  is  evidently  analogous  to  the  closure  of  the  eyes 
to  a  strong  light.  In  certain  morbidly-impressible  states  of  the  nervous 
system,  as  will  be  presently  shown  (§  521 ),  the  effect  of  sounds  on  the  motor 
apparatus  is  far  more  remarkable. — It  has  been  attempted  by  Flourens 
to  show,  that  the  division  of  the  Auditory  nerve,  which  proceeds  to  the 
Semicircular  canals,  has  functions  altogether  different  from  that  portion 
which  supplies  the  Vestibule  and  Cochlea.  This  inference,  however,  is 
grounded  only  upon  the  movements  exhibited  by  animals  in  which 
these  nerves  are  irritated ;  which  movements  are  capable  of  a  different 
explanation  (§  514). 

508.  The  nerves  which  minister  to  the  sense  of  Taste  are  destitute  of 
the  peculiarities  which  distinguish  the  preceding ;  being  no  other  than 
certain  branches  of  ordinary  afferent  nerves, — the  Fiflh  Pair  and  Glosso- 

•  For  additional  facts  bearing  on  this  subject,  see  the  observations  of  Mr.  Towne  '  On 
the  Stereoscope  and  Stereoscopic  Eesolts,'  in  **  Guy's  Hospital  Keports"  for  1862,  p.  69, 
and  1863,  p.  103. 
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pliaiyngeal  (§  480) — ^the  peculiar  endowments  of  wliicli  seem  to  depend 
rather  upon  tlie  structure  and  actions  of  the  papilla  at  their  peripheral 
extremities,  than  upon  anjrthing  special  in  their  own  character ;  for,  as 
in  the  case  of  the  ortliuaiy  nerves  of  *  common '  sensation,  mechanical 
irritation  applied  to  tliem  calla-forth  indications  of  pain,^ — From  the  ob- 
aen'^ationB  and  experiments  of  M,  CL  Bernard^*  it  appears  that  the  Facial 
nerve  (portio  dura  of  tlie  7th)  supplies  some  condition  requisite  for  the 
sense  of  Tante,  through  the  branch  known  as  the  Chorda  Tympani,  which 
is  the  motor  nerve  of  theLingnaiia  muBcle  and  Submaxillary  gland  (§  HO), 
When  paralysis  of  the  Facial  exists  in  Man,  the  senae  of  taste  is  very 
much  impaired  on  the  corresponding  side  of  the  tongue,  provided  that 
the  causa  of  the  paralysis  be  seated  above  the  origin  of  the  Chorda 
Tympani  from  its  trunk.  Similar  results  have  been  obtained  from  e3q>©- 
rimeuts  upon  otlier  auimala.  The  effect  may  possibly  be  attributable  to 
the  secretion  of  Saliva  being  interfered  with- 

509.  Nerves  of  Common  S^n^ation, — To  the  sense  of  Tamh  aU  the 
afferent  nerves  of  the  body  (save  the  nerves  of  special  sense)  app^w  to 
minister;  in  virtue — according  to  the  doctrine  already  propounded  (§  472) 
— of  the  direct  connection  of  certain  of  their  fibrils  with  the  Senmrium 
commime.  But  the  degree  in  which  they  are  capable  of  producing  Sen- 
Bations  doea  not  bear  any  constant  relation  to  their  power  of  exciting 
reflex  actions.  Thus,  the  Glosso-pharyngeal  is  not  nearly  so  sensitive  as 
the  Fifth  pair ;  though  more  powerful  as  an  excitor  nerve.  The  Par 
VagTim  appears  to  have  even  less  power  of  aroiising  sensory  changes  j 
although  it  is  the  most  important  of  all  the  excitors  to  reflex  action.  So 
again,  the  afferent  nerves  of  the  inferior  extremities,  in  Man^  are  less 
concerned  in  nunistering  to  sensations,  than  are  those  of  the  superior ; 
and  yet  they  appear  to  be  much  more  efficient  as  excitors  to  muscular 
movement, — These  differences  may  be  accounted*for^  by  supposing  that 
the  proportion  which  the  fibres  having  their  centre  in  the  ganglionic 
matter  of  the  Spinal  Cord,  bears  to  that  of  the  fibres  which  passion  to  '■ 
Bensorium,  is  not  constant,  but  is  liable  to  variation  in  different  nerves  |] 
the  former  predominating  in  the  Par  Vagum  and  the  Glosso-pharyu^ 
whilst  tlie  latter  are  more  numerous  in  the  Fifth  Puirj  and  in  most  of  thJi 
Spinal  nerves. 

510,  Motor  Netn^es. — No  motor  nerves  issue  from  the  Sensory  Ganglia 
with  the  same  directness  that  afferent  nerves  proceed  towards  them ;  but 
the  reflex  actions  of  these  centres  find  a  ready  channel  in  tlie  motor  nerve*  ■ 
of  the  Cranio'Spinal  axis  generally.     For,  as  w*e  have  seen  {§  501),  the 
motor  tract  of  tiic  Crura  Cerebri^  which  is  in  connection  with  the  motor  ' 
Encephalic  nerves,  and  alao  (through  tlie  vesicular  substance  of  the  Spinal 
Cord)  with  the  anterior  roots  of  the  Spinal  nerves*  passes-up  into  the 
Corpora  Striata  and  Corpora  Qiiadrigemina^     Although  the  direct  con- 
nection of  the  other  ganglia  of  Special  Sense  with  the  Motor  columns  likJ 
at  present  a  matter  of  presumption  only,  yet  this  presumption  is  fltrongl| 
supported  by  the  analogy  of  the  Optic  ganglia  ;  the  distinctness  of  this 
conneetion  in  their  case  being  easily  accounted -for,  when  it  is  remembered! 
in  how  great  a  degree  the  general  movements  of  tlie  body  are  guided  by 
the  visual  sense* 

51 L  f\mctiom  i>f  the  Stifnor^  Gt^ngUa, — ^We  have  now  to  oonaider 

*  "  ArclitT«8  a£adnt]««  de  M§a«ciiis,'*  1844. 
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what  deductions  may  be  drawn  with  regard  to  the  functions  of  the  Sensory 
(ranglia  in  Man,  from  the  facts  supplied  by  Comparative  Anatomy,  by 
Experimental  inquiry,  and  by  Pathological  phenomena.  The  determi- 
nation of  these  functions  may  seem  to  be  the  more  difficidt,  as  it  is  impos- 
sible to  make  any  satisfactory  experiments  upon  the  ganglionic  centres  in 
question,  by  isolating  them  completely  from  the  Cerebral  Hemispheres 
above,  and  from  the  Medulla  Oblongata  and  Spinal  Cord  below.  But 
the  evidence  derived  from  Comparative  Anatomy  appears  to  be  in  this 
case  particularly  clear ;  and,  rightly  considered,  affords  us  nearly  all  the 
information  we  require.  In  the  series  of  "  experiments  prepared  for  us 
by  nature,"  which  is  presented  to  us  in  the  descending  scale  of  Animal 
life,  we  witness  the  effects  of  the  gradual  change  in  the  relative  develop- 
ment of  the  Sensory  ganglia  and  Cerebral  hemispheres,  which  are  pre- 
sented to  us  in  descending  through  the  Vertebrated  scale ;  and  the  results 
of  the  entire  withdrawal  of  the  latter,  and  of  the  sole  operation  of  the 
former,  which  are  exhibited  in  the  higher  Invertebrata  (see  §§  429, 432).* 
— Thus  we  are  led  by  the  very  cogent  evidence  which  Comparative 
Anatomy  supplies,  to  regard  this  series  of  Ganglionic  centres  as  consti- 
tuting the  real  Sensorium ;  each  ganglion  having  the  power  of  rendering 
the  Mind  conscious  of  the  impressions  derived  from  the  organ  with  which 
it  is  connected.  If  this  position  be  denied,  we  must  either  refuse  the 
attribute  of  consciousness  to  such  animals  as  possess  no  other  Encephalic 
centres  than  these ;  or  we  must  believe  that  the  addition  of  the  Cerebral 
hemispheres,  in  the  Vertebrated  series,  alters  the  endowments  of  the 
Sensory  ganglia, — ^an  idea  which  is  contrary  to  all  analogy. 

512.  So  far  as  the  results  of  Experiments  can  be  relied-on,  they  afford 
a  corroboration  of  this  view.  The  degree  in  which  animals  high  in  the 
scale  of  organization  can  perform  the  functions  of  life,  without  any  other 
centre  of  action  than  the  Ganglia  of  Special  sense,  the  Medulla  Oblongata, 
and  the  Cerebellum,  appears  extraordinary  to  those  who  are  accustomed 
to  regard  the  Cerebral  Hemispheres  as  the  centre  of  all  energy.  From  the 
experiments  of  Flourens,f  Hertwig,}  Magendie,§  Longet,||  and  others, 
it  appears  that  not  only  Reptiles,  but  Birds  and  Mammals,  may  survive 
for  many  weeks  or  even  months  (if  their  physical  wants  be  duly  supplied) 
after  the  removal  of  the  entire  Cerebrum.  It  is  difficult  to  substantiate 
the  existence  in  them  of  actual  sensation ;  but  some  of  their  movements 
appear  to  be  of  a  higher  kind  than  those  resulting  from  mere  excito-motor 
action.  One  of  the  most  remarkable  phenomena  exhibited  by  such  a 
being,  is  the  power  of  maintaining  its  equilibrium,  which  could  scarcely 

*  It  Ib  worthy  of  special  notice,  that  the  development  of  the  Cephalic  ganglia  in  the 
Invertebrata  always  bears  an  exact  proportion  to  the  development  of  the  eyes  ;  the  other 
organs  of  special  sense  being  comparatively  undeveloped  ;  whilst  these,  in  all  the  higher 
classes  at  least,  are  instmments  of  great  perfection,  and  are  evidently  connected  most 
intimately  with  the  direction  of  the  movements  of  the  animals.  Of  this  fact  we  have  a 
remarkable  illustration  in  the  history  of  the  metamorphosis  of  Insects  ;  the  eyes  being 
almost  mdimentary,  and  the  Cephalic  ganglia  comparatively  small,  in  most  Larvae ;  whilst 
both  these  organs  attain  a  high  development  in  the  Imago,  to  whose  actions  the  faculty 
of  sight  is  essential. 

t  "BecherchesBxp^rimentales  sor  ]e8Propri6t68et  les  Fonctions  da  SystdmeNerveuz,'* 
2nd  edit.,  1845. 

X  "Exper.  de  effect.  Ispsion.  in  partibns  Encephali,"  BeroL,  1826. 

§  "  Iie9on8  snr  les  Fonctions  da  Systdme  Nerveax,*'  Paris,  1839. 

II  "Trait6  de  Phyaiobgie,"  torn.  iL  partie  2,  1860,  p.  411. 
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exist  without  consciousness*  If  it  be  laid  upon  the  backj  it  rises  agam  ; 
if  puflhedt  it  walks.  If  a  Bird  thus  mutilated  be  thrown  into  the  air,  it 
fliea ;  if  a  Frog  be  touched,  it  leaps.  It  awaUowa  food  and  liquid,  when 
thej  are  placed  in  ita  mouth ;  and  the  digestive  operations^  tlie  at^ts  of 
escretion,  &c,,  take  place  ns  usual.  In  the  case  of  a  Pigeon  experimented- 
on  by  Malacoq>s,  which  is  recorded  bj  Magendiej  there  appears  suflScient 
proof  of  the  persistence  of  a  certain  amount  of  sensation*  Although  the 
animal  waa  not  affected  by  a  sti-ong  light  suddenly  made  to  iall  upon  its 
eyes  J  it  was  accustomed,  when  confined  in  a  darkened  or  partially- 
ilhtminated  room,  to  seek- out  the  light  part  a ;  and  it  aiyoidid  objects  that 
lejf  in  its  ivaif,  la  tlie  same  manner,  it  did  not  seem  to  lie  affected  by 
sudden  noises ;  but  at  night,  when  it  slept  witii  its  eyes  closed  and  its  bead 
under  its  wing,  it  would  raise  ita  head  in  a  remarkable  manner,  and  open 
its  eyes,  ou  the  slightest  noise ;  sjjeedily  relapsing  into  a  state  of  complete 
unconaciousneas.  Ita  principal  occupation  was  to  prime  its  feathera  and 
Bcratch  itself.  And  Longet  mentions  tliat  a  Pigeon  from  which  he  had 
removed  the  entire  Cerebrum,  gave  many  indications  of  consciousness  of 
light  J  for  not  only  did  the  pupil  contract,  but  the  lids  closed,  when  a 
sta-ong  light  was  suddenly  made  to  fall  upon  die  eye,  the  animal  liaving 
been  previously  kept  in  darkness ;  and  when  a  lighted  candk  u*a*s  made 
to  move  in  a  circle  before  it^  the  animal  espeaited  a  corresponding  ntovnnent 
trith  its  head,* — The  condition  of  such  beinga  seems  to  resemble  that  of  a 
Man,  who  is  in  a  slumber  sufficiently  deep  to  lose  all  distinct  pereejytion 
of  external  objects,  but  who  ia  yet  conacious  of  sensations,  aa  appears  from 
the  moveraonts  occasioned  by  light  or  by  sounds,  or  irom  those  which  he 
executes  bo  iviUidraw  the  body  from  an  imeasy  position, 

513.  The  results  of  other  experiments  made  upon  the  Sensory  ganglia 
themselves,  and  upon  the  organs  from  which  they  derive  their  Impres- 
BTona,  confirm  this  view ;  by  diowing  that  the  ortlinary  movements  are 
seriously  perturbed,  and  that  in  some  instances  a  new  set  of  automatic 
raovcmenta  ia  induced,  when  the  normial  relations  between  the  sensory 
and  motor  apparatus  are  disarranged.  Of  the  functions  of  the  ganglia 
of  special  sense,  those  of  the  Corpora  Quadrigemina  are  the  chief  wlitcli 
have  been  examined  experimentally.  The  researclies  of  Flourens  and 
Hertwig  have  shown,  that  the  connection  of  these  bodies  with  the  vismd 
function,  which  might  be  inferred  from  their  anatomical  relations,  is  tliiis 
Bubatantiated.  The  partial  loss  of  the  ganglion  on  one  aide  produces  partiaJ 
loaa  of  power  and  temporarj"^  blindnewa  on  the  opposite  side  of  the  body, 
without  necessarily  destroying  the  mobility  of  the  pupil ;  but  tlie  remoifaJ 
of  a  larger  portion,  or  complete  extirpiition  of  it,  ocaisiona  permanent 
blindness  and  immobility  of  the  pupil,  with  temporary  muscular  weakneaa 
on  tiie  oppoaite  aide.  This  temporary  disorder  of  the  muBcular  system 
■ometitnes  manifests  itself  in  a  tendency  to  move  on  the  axis,  as  if  the 
animal  were  giddy.  No  diaturbance  of  consciousness  appears  to  be  pro* 
daced ;  and  Ilertwig  sfeitea  that  be  never  witnessed  the  convulsions,  winch 
Floureaa  mention  a  aa  a  consequence  of  the  operation,  and  which  were 

■  It  m^tt  not  be  for^ottea  that,  in  sttch  experiments,  tte  seven tj  of  theopcmtloa  will 
of  itself  occaaioti  ft  lURpeDaioQ  qx  disturhance  of  the  fuoctioDs  of  part.H  thRt  remnin  -  mo  tlmt 
iKc  /fkij  of  a  |>ower  muBt  not  be  at  once  itiferrtd  from  the  abseuce  of  its  maQjffiatntitJDS, 
Bnt  i!ie  ptrmifncc  of  %  power,  aftar  the  xemoTal  ^f  a  partleiilaj^  organ,  ii  n  dear  proof 
that  it  <s&i3Q0t  be  the  pe<:uliAr  itiribiit«  of  that  oi^n. 
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probably  occasioned  by  his  incision  having  been  carried  too  deeply.  As 
Longet  has  justly  remarked,  it  is  difficidt,  if  not  impossible,  to  remove 
one  or  both  of  these  ganglionic  masses,  without  doing  such  an  injury  to 
the  Crura  Cerebri  on  which  they  repose,  as  shall  in  great  degree  account 
for  such  disturbed  movements  (§  517).  Irritation  of  one  of  the  Tubercula 
Quadrigemina  has  been  observed,  both  by  Flourens  and  Longet,  to  produce 
contraction  of  the  pupils  of  both  eyes. — These  results  of  experiment  are 
partly  confirmed  by  Pathological  phenomena  in  Man ;  for  there  are  many 
instances  on  record,  in  which  blindness  has  been  one  of  the  consequences 
of  diseased  alterations  in  one  or  both  tubercles ;  and  in  some  of  the  cases 
in  which  the  lesion  extended  to  parts  seated  beneath  the  tubercles,  dis- 
turbed movements  were  observed. — The  subservience  of  these  bodies  to 
the  exercise  of  the  visual  sense,  appears,  on  the  whole,  to  be  the  point 
best  established  in  regard  to  their  ftmctions ;  and  considering  the  degree 
in  which  this  sense  is  concerned  in  the  regulation  of  the  general  move- 
ments of  the  body,  it  is  not  surprising  that  lesions  of  its  centre  should 
occasion  a  perversion  of  these  movements.  This  appears  the  more  pro- 
bable from  the  fact,  that,  in  animals  whose  Sensory  ganglia  bear  so  large 
a  proportion  to  the  whole  Encephalon,  that  we  must  look  upon  them  as 
the  principal  centres  of  motor  activity,  instead  of  being  chiefly  concerned 
(as  in  Man)  in  the  mere  guidance  of  movements  whose  origin  is  Cerebral, 
lesions  of  the  organ  of  sense  from  which  the  impressions  that  excite  the 
sensori-motor  impulses  are  derived,  produce  a  corresponding  disturbance. 
Thus  Flourens  found  that  a  vertiginous  movement  may  be  induced  in 
Pigeons  by  simply  blinding  one  eye ;  and  Longet  produced  the  same  effect 
by  evacuating  the  humours  of  the  eye. 

514.  It  is  probably  on  the  same  principle,  that  we  are  to  account  for 
the  remarkable  results  obtained  by  Flourens*  from  section  of  the 
portion  of  the  Auditory  nerve  proceeding  to  the  Semicircular  canals. 
Section  of  the  horizontal  semicircular  canal  in  Pigeons,  on  both  sides,  in- 
duces a  rapid  jerking  horizontal  movement  of  the  head,  from  side  to  side; 
and  a  tendency  to  turn  to  one  side,  which  manifests  itself  whenever  the 
animal  attempts  to  walk  forwards.  Section  of  a  vertical  canal,  whether 
the  superior  or  inferior,  of  both  sides,  is  followed  by  a  violent  vertical 
movement  of  the  head.  And  section  of  the  horizontal  and  vertical  canals, 
at  the  same  time,  causes  horizontal  and  vertical  movements.  Section  of 
either  canal  on  one  side  only,  is  followed  by  the  same  effect  as  when  the 
canal  is  divided  on  both  sides ;  but  this  is  inferior  in  intensity.  The 
movements  continue  to  be  performed  during  several  months.  In  Rabbits, 
section  of  the  horizontal  canal  is  followed  by  the  same  movements  as  are  ' 
exhibited  by  Pigeons ;  and  they  are  even  more  constant,  though  less 
violent.  Section  of  the  anterior  vertical  canal  causes  the  animal  to  make 
continued  forward  *  somersets ; '  whilst  section  of  the  posterior  vertical 
canal  occasions  continued  backward  *  somersets.'  The  movements  cease 
when  the  animal  is  in  repose ;  and  they  recommence  when  it  begins  to 
move,  increasing  in  violence  as  its  motion  is  more  rai)id. — These  curious 
results  are  supposed  by  M.  Flourens  to  indicate,  that  the  nerve  supplying 
the  semicircular  canals  does  not  minister  to  the  sense  of  hearing,  but  to 
the  direction  of  the  movements  of  the  animal ;  but  they  are  fully  explained 
upon  the  supposition,  that  the  normal  function  of  the  semicircular  canals 

*  Op.  cit. 
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m  to  indicate  to  tlie  atiiin;Ll  the  direction  of  sounds,  and  tbat  its  movements 
are  partly  determined  bj  these  ;  so  that  &  destnictioa  of  one  or  otber  of 
them  will  produce  an  irregularity  of  movement  (resulting^  as  it  wouJd  aeenx, 
from  a  sort  of  giddine^  on  the  part  of  the  animal),  just  as  when  one  of  tlie 
^yes  of  a  bird  is  covered  or  destroyed,  as  in  the  eTcperim  en  ta  previously  cited. 
515.  The  numerous  experiments  which  have  been  made  for  the  pur- 
pose of  determining  the  fimctions  of  the  Thalami  Optici  and  Corpora 
Striata,  have  not  yielded  any  very  satisfactory  results;  and  this  on  aecouot 
of  the  impossiibility  of  completely  isolating  t!iem,  in  such  a  luanner  as  to 
limit  the  operation  (whether  this  be  section^  removal,  or  irritation)  to  them 
alone.  Thus  it  is  impossible  to  remove  them,  either  ueimrately  or  con- 
jointly, without  first  removiog  the  Cerebral  Hemispheres;  and  tlie  Tha- 
lami cannot  be  entirely  removed,  without  diWding  the  stratmn  of  fibres 
which  traverse  their  deeper  portiou  in  their  pissjtge  to  the  Corpora  Striata. 
— The  Thalami  Optici  have  not  that  relation  to  the  visual  sense  which 
their  designation  would  imply;  for  (according  bo  the  affirmation  of  Longet) 
they  may  be  completely  destroyed  in  Mammals  and  Birds,  without  de- 
Btruction  of  sight  or  loss  of  the  activity  of  the  pupil  And  irritation 
of  one  or  both  of  tliem  produces  no  contraction  of  the  pupil.  It  Beema 
probable,  therefore^  that  the  loss  of  sight  with  dilatation  and  immobility 
of  the  pupil,  which  is  frefjiiently  observed  in  cases  of  apoplectic  e£Piusioa 
into  the  substance  of  the  Thalamic  is  really  due  to  the  compression  of  the 
Optic  nerves  which  lie  beneath  them.  These  bodios  appear,  however,  to 
posaeas  a  very  decided  influence  on  the  power  of  voluntary  movement ; 
for  lUtliough  an  animal  juaiiiUiins  its  bfilnnce,  and  cau  be  made  to  moye 
onwarfb,  alter  the  removal  of  the  Cerebral  Hemispheres,  and  even  after 
the  removal  of  the  Corpora  Striata,  jet  it*  either  of  tlie  Thalami  Optici  be 
removed,  ttie  sensibility  and  power  of  voluntiiTj  movement  are  destroyed 
on  the  oppo,Hite  side  of  the  body,  aiid  the  animal  consequently  ialls  over  to 
that  side  (Longet).  If,  instead  of  the  entire  removal  of  one  of  the  Tha- 
lami, an  incision  be  made  in  it  without  the  previous  removal  of  the  Cere- 
brum, the  animal  keeps  turning  to  one  side  in  a  circular  manner  (evolu- 
tion du  manege) :  according  to  Longet  and  Lafargue,  this  movement  is 
directed  in  the  rabbit  towards  the  opposite  side;  whilst  Plourens  states  tlmt 
in  the  frog  its  direction  is  towards  the  injur^l  side ;  and  according  to 
SchilF*  the  destruction  of  the  three  anterior  fourths  of  tliis  organ  in  the  rabbit 
determines  this  movement  towards  the  injured  side,  whilst  that  of  the  poe- 
terior  fourth  determines  the  movement  towards  tlie  opposite  aide.  Brown* 
Sequard  attributes  the  rolling  movements  in  many  of  tliese  cases  to  cer- 
tain muscles  beiug  in  a  state  of  apeam,  in  other  instances  to  vertigo.  No 
mechanical  irritation  of  the  Thalami  produces  either  signs  of  pain  or  mus- 
cular movement;  and  this  fact  might  at  first  appear  to  negative  the  doctrine 
that  tliese  organs  are  the  gimglia  of  conmion  sensation*  But  it  must  be 
home  in  mind  that  the  production  of  pain  by  mechanical  injuries  is  by  no 
means  an  universal  phenomenon  in  the  case  of  the  nerve*^i*imjt*  which 
minister  to  sensation,  ^ — the  olfactive,  optic,  imd  auditory  nerves  being 
exempted;  and  it  need  occasion  still  leas  surprise,  therefore,  that  a  ner- 
vous centre  should  be  destitute  of  this  kind  of  impressibility,  which  wo 
hav'e  seen  to  be  wanting  also  in  the  Spinal  Cord. 


•  Eoser  and  Wimderli<;h'»  "Artlut  ftlr  Phjwd.  HdlkandV  1840,  }efl7. 
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516.  The  effects  of  lesions  of  the  Corpora  Striata  are  less  distinctly 
marked.  It  was  affirmed  by  Magendie  that  there  exists  in  them  a  motor 
power  which  excites  backward  movement,  and  that  a  corresponding  power 
of  exciting  forward  movement  exists  in  the  Cerebellum;  that  these  two 
powers  ordinarily  balance  one  another;  but  that  if  either  organ  be  re- 
moved, the  power  of  the  other  will  occasion  a  continual  automatic  move- 
ment, the  removal  of  the  Corpora  Striata  causing  an  irresistible  tendency 
to  forward  progression,  whilst  the  division  of  the  peduncles  of  the  Cere- 
bellum (according  to  him)  occasions  the  reverse  movement.  These 
assertions,  however,  have  not  been  confirmed  by  other  experimenters. 
According  to  Longet,*  Schiff,f  and  La&rgue,J  the  results  of  removal  of  the 
Corpora  Striata  with  the  anterior  part  of  the  Cerebral  hemispheres,  are  for 
the  most  part  negative ;  for  the  animal  usually  remains  in  a  state  of  pro- 
found stupor,  al^ough  still  retaining  the  erect  position ;  and  it  is  only 
when  irritated  by  pinching  or  pricking,  that  it  will  execute  any  rapid 
movements.  No  mechanical  irritation  of  the  Corpora  Striata  produces 
either  signs  of  pain  or  muscular  movement. 

517.  When  the  fibrous  tracts  which  connect  these  ganglionic  masses 
with  the  Medulla  Oblongata,  and  which  are  commonly  (but  erroneously) 
designated  as  the  Crura  Cerebri^  are  completely  divided,  the  result,  as 
might  be  anticipated,  is  the  annihilation  of  sensibility  and  of  the  power  of 
voluntary  movement  in  the  body  generally.  §  When,  however,  the  Crura 
Cerebri  of  a  rabbit  are  not  completely  divided,  but  one  of  them  is  partially 
cut-through,  a  little  in  front  of  the  Pons  Varolii,  the  animal  is  said  by 
Longet  and  SchifE  to  exhibit  a  constant  tendency  to  turn  towards  the  side 
opposite  to  that  of  the  lesion,  so  that  it  performs  the  circular  evolution  du 
manege;  the  diameter  of  its  circle  of  movement  being  smaller,  in  propor- 
tion as  the  incision  approaches  the  edge  of  the  Pons.  But  if  one  of  the 
Cnira  be  completely  Avided,  the  animal  then  fells-over  on  the  opposite 
side ;  the  limbs  of  that  side  being  paralyzed  to  the  influence  of  the  Ence- 
phalic centres,  though  they  may  be  still  caused  to  exhibit  reflex  motions. 
Hence  it  appears  that  the  circular  movements  which  are  performed  afl^r 
incomplete  lesions  of  the  Crus  Cerebri  and  Thalamus  Opticus  of  either 
side,  are  due  to  the  weakening  of  the  sensori-motor  apparatus  of  the  oppo- 
site side,  whereby  the  balance  of  the  muscular  actions  of  the  two  sides  is 
destroyed.  Nearly  the  same  results  have  been  obtained  on  this  point  by 
Longet,  Lafergue,  and  Schifl*. 

518.  Considerable  importance  is  attached  by  some  Physiologists  to  the 
part  of  the  Encephalon  known  as  the  Tuber  Annulare,  to  which  the  name 
of  Mesocephale  has  also  been  given.  This  is  not  altogether  synonymous 
with  the  Pons  Varolii,  as  some  Anatomists  have  represented  it;  for, 
while  the  latter  consists  of  transverse  fibres  which  form  the  commissure 

*  Op.  eit.  t  ''De  Ti  motoriA  baseos  Encephali,"  Bockenbemii,  1845. 

t  "Eaaai  sot  la  Yaleur  des  Localiflations  Bnc^phaliques/*  &c.y  Thdse  Inaug.,  Parifl, 
1888. 

§  It  18  conmdered  by  Longet  tbat  tbese  functions  are  not  completely  destroyed,  because 
the  animals  on  whom  this  operation  has  been  performed  still  retain  some  power  of  move- 
ment,  and  respond  by  cries  to  impressions  that  ordinarily  produce  pain.  There  is  no  proof, 
however,  that  such  actions  are  other  than  '  excito- motor ;'  they  certainly  cannot  in  them- 
selves be  admitted  as  proving  the  persistence  of  consciousness  in  the  lower  segment  of  the 
Cerebro-Spinal  axis.  (See  Brown-S6quard,  "Central  Nervous  System/'  1860,  p.  225; 
and  Schroeder  v.  d.  Kolk,  Syd.  Sog.  Trans.,  1859,  p.  76.) 
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between  the  hemiapherea  of  the  Cerebellum j  surroimding  and  pasging  be- 
tween the  longitudinal  fibres  oi'  the  Sensory  and  Motor  tracts  which  con- 
etitute  the  Crura  Cerebri ,  the  Tuber  Annulare  (which  exigts  in  animald 
whose  CerebeliuDi  has  no  lienuspheres)  ia  a  projection  from  the  surface  of 
the  proper  Medulla  Oblongataj  containing  a  cooaiderable  nueleua  of  vesi- 
cular matter.  M*  Brown -Hequard*  has  drawn  the  following  condusionfl 
respecting  the  functionB  of  this  part  of  the  EncephaloD^  chiefly  based  on 
paUiological  e>rideuce  ; — L  That  the  restiform  bodies  and  their  prolonga- 
tioua  into  the  PonSj  and  into  the  Cerebelluni,  are  not,  aa  hsis  been  supposed, 
the  conductors  of  aeniory  impressions.  2.  That  whilst  byperestliema 
occurs  on  the  same  side  of  the  hody,  wben  the  Spinal  Cord  is  injured^ 
especially  in  its  posterior  part,  it  appears  on  the  opposite  aide  of  the  body 
when  a  section  is  made  either  of  the  anterior  or  posterior  flnrfiice  of  the 
Pons ;  and  thb  he  bcUevos  to  favour  his  view  of  the  decussation  of  the 
sensory  fibres  in  the  Cord,  and  to  bo  opposed  to  the  old  view  of  tJje 
decussation  of  tlieae  fibres  below  the  Tnbercula  Quadrigemina,  or  in 
the  Bub.stance  of  the  Pons  itself.  S.  Tlie  transmission  of  sensory  im- 
pressions in  tiie  Pons  appears  to  be  chiefly  effected  by  its  central  port  ion  ^ 
whilst  ttie  anterior  portion  is  cliiejly  instrumental  in  the  conduction 
of  the  maiidatea  of  the  Will  to  Uio  Muscles,  The  experiments  of  Longet 
led  him  to  the  conclusion,  that  the  Tuber  Annulare,  the  structure  of 
which  is  very  comphcated|  is  an  independent  centre  of  flensation  and 
of  motor  power ;  but  they  do  not  afford  any  clear  information  as  to  its 
sjiecial  attributes.  He  states^  however^  that  convulsive  movements  are 
excited  by  irritating  it^  and  especially  by  the  transmission  of  an  electric 
current  tlirough  its  substance.  These  movements^  however,  according 
to  the  testiniony  of  Dr*  Todd,  appear  to  be  of  a  different  character 
from  those  which  are  excited  by  the  application  of  die  same  stimulus  to 
the  Spinal  Cord  and  Medulla  Oblongata ;  for  he  states  that  whilst  the 
con>^iIaions  excited  by  the  transmission  of  the  current  of  the  magne to- 
electric  machine  through  tlie  parts  just  named,  are  ietttmc,  the  muscles 
behig  thrown  into  a  state  of  fixed  contraction, — -those  wliich  ensue  when 
the  current  is  transmitted  through  the  region  of  the  Mesocephale  and  Cor- 
pora Quadrigeminaj  arc  epikptic,  being  combined  movements  of  riliernate 
contraction  and  relaxation,  flexion  and  extension,  affecting  ihe  muscles  of 
ail  the  limbs,  of  the  trunk,  and  of  the  eyes^  which  roll-about  just  as  in 
epilepsy,  t 

511).  The  evidence  afforded  by  Pathology  regarding  the  fimctiona  of 
these  GangHonic  masses,  is  far  from  being  self-consistent;  and  thb  arisea, 
it  may  be  surmised,  from  the  circumstance  that  the  eflects  of  morbid 
changes  (particularly  of  sanguineous  effusions)  in  any  part  of  the  Ence- 
pbalon,  extend  tliemsclvea  to  other  parts  tlian  those  in  which  the  obvioua 
lesions  are  found ;  as  is  abundantly  proved  by  the  great  variety  of  pheno- 
mena which  present  themselves  as  the  results  of  lesions  apparently  similar, 
and  by  the  simiJarity  of  the  phenomena  that  are  frequently  consequent 
upon  lesions  of  very  different  piirts.  So  far  as  is  yet  known,  extensive 
disease  of  either  the  Thalamus  Opticus  or  the  Corprufi  Striatum,  of  one 


*  "Jo urn*  de  b  Phyiiol.,**  vol.  i.  p.  7fl2  j  voL  it  p^  12L 

f  Lumleiaa  Leoture^  '  Oa  the  F&ihologj  nad  Tr^tmeat  f)f  Coatulsive  Diteases,'  in 
'"Medical  G&zettti/'  Maj  1].  1549. 
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side  produces  hemiplegia,  or  paralysis  both  of  sensation  and  motion,  on 
the  opposite  side.  The  same  result  very  commonly  follows  an  apoplectic 
effusion  into  the  substance  of  either;  and  although  it  has  been  maintained 
that  when  the  lesion  is  limited  to  the  Corpus  Striatum  the  posterior  mem- 
ber is  peculiarly  or  alone  affected,  and  that  lesion  of  the  Thalamus  Opticus 
alone  has  a  special  tendency  to  occasion  paralysis  of  the  anterior  member,* 
yet  the  carefUl  analysis  which  has  been  made  by  Andral*  into  the  patho- 
logical phenomena  afforded  by  seventy-five  cases  of  paralysis  in  which  the 
apoplectic  effusion  was  limited  to  one  or  other  of  these  bodies,  does  not 
afford  the  least  coimtenance  to  any  such  doctrine.  And  it  is  affirmed  by 
Longet,  that  injury  or  removal  of  the  Corpus  Striatum  of  one  side  did  not, 
in  his  experiments,  affect  the  posterior  more  than  the  anterior  limb ;  nor 
could  he  detect  any  difference  in  the  condition  of  these  limbs  afler  the 
removal  of  the  Thalamus.  —  Tiirckf  gives  four  cases  of  apoplexy  or 
ramollissement  of  the  Brain,  in  which  with  either  permanent  or  transient 
hemiplegia  there  was  intense  and  permanent  anaesihesia  of  the  same  side 
of  the  body.  The  whole  of  the  Cerebrum  was  sound,  except  in  all  cases 
the  external  part  of  one  Optic  Thalamus,  where  was  a  lesion  of  the  Cere- 
bral substance  of  considerable  length,  though  not  in  most  instances  ex- 
tending before  or  behind  the  Optic  Thalamus.^ 

520.  In  employing  the  information  derived  from  the  foregoing  sources, 
as  a  guide  in  tiie  inquiry  into  the  part  performed  by  the  Sensory 
Ganglia  in  the  ordinary  operations  of  the  Cerebro- Spinal  system,  we 
have  to  distinguish,  as  in  the  case  of  the  Spinal  Cord,  between  t^eir 
operation  as  independent  centres,  and  their  action  in  subservience  to  the 
Cerebrum,  which  is  superposed  upon  them. — ^We  have  seen  reason  to 
conclude  tiiat,  in  their  former  capacity,  they  are  to  be  r^arded  as  the 
true  seat  of  Sensation  (i.e.  the  material  instruments  through  which  the 
consciousness  becomes  affected  by  external  impressions),  and  as  the 
instrument,  in  virtue  of  their  own  *  reflex*  power,  of  that  class  of 
Instinctive  or  Automatic  movements,  which  require  to  be  prompted  and 
guided  by  sensations,  and  which  cannot,  therefore,  be  referred  to  the 
excito-motor  group.  But  although  it  is  sufficiently  obvious  that  such 
movements  constitute  the  highest  manifestations  of  Animal  life  in  the 
Invertebrata  generally,  and  Qiat  they  are  but  little  modified  by  any 
higher  principle  of  action  even  in  the  lower  Vertebrata,  yet  it  is  no  less 
obvious  that  in  adult  Man,  in  whom  the  Intelligence  and  Will  are  fully 
developed,  we  have  comparatively  little  evidence  of  this  independent 
reflex  action  of  the  Sensory  Granglia : — ^all  those  automatic  actions  which 
are  immediately  necessary  for  the  maintenance  of  his  Organic  life,  being 
provided-for  by  the  excito-motor  portion  of  the  apparatus,  so  that 
although  sensation  ordinarily  accompanies  most  of  them,  it  is  not 
essential  to  them ;  whilst  those  which  are  necessary  to  provide  more 
remotely  for  its  requirements,  are  for  the  most  part  committed  to  the 
guidance  of  his  Reason.  For  the  impressions  which  have  been  brought 
by  the  afferent  nerves  to  his  Sensoriima,  and  which  have  there  produced 
sensations,  do  not  in  general  react  at  once  upon  the  motor  apparatus  (as 
they  do  in  those  animals  in  which  the   Sensory  Ganglia  are  the  highest 

•  "Clinique  M^dicale,"  torn.  ii.  p.  664  et  seq. 

t  "Wiener  SitzoDgsberichte,"  xxxvi.,  1869,  p.  191. 

X  See  Heole  and  Meiflaner,  1S59,  p.  517. 
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of  tli^  nervous  centa-es),  but  usually  transmit  their  influence  upwards  to 
tlie  Cerebrum,  through  whose  instrumenl^ty  thej  give  rise  to  idejiA 
and  reasoning  proccasea,  which  operate  upon  tae  motor  apparatus  either 
emotionally  or  volitionallj*  And  it  is  for  the  moet  part  only  when  thia 
upward  transmiaaion  b  checked,  either  by  the  non-development  or  thni 
functional  inACtivity  of  the  Cerebrum,  or  by  its  complete  occupatiou  in 
Bome  other  train  of  action, — or,  on  the  other  hand,  when  the  reflexi| 
ttction  of  thm  Sensory  ganglia  ifl  called  into  play  with  unuHual  potencj,- 
thftt  we  have  any  manifestations  of  the  ifen son -motor  or  consertmtai 
mode  of  operation  in  Man,  that  are  at  all  comparable  in  variety  or  im- 
portance to  those  instinctive  acts  which  are  bo  remarkable  in  tlie  low€ 
animals  (^  4S0). 

b2i.  Still f  s^ifficient  evidence  of  the  existence  of  this  class  of  ; 
movements  may  be  drawn  from  observation  of  the  actions  of  Man  in  his^ 
ordinary  condition  ;  examples  of  it  being  furnislicd  (as  w<&  have  seen)  by 
the  cloiure  of  the  eyes  to  a  dazzling  hght^  the  siart  caused  by  a  loud  and 
unexpected  sound,  and  the  sneezing  excited  by  sensory  impressions  on 
the  Bchneiderian  membrane  or  on  tlie  Retina*     To  these  may  be  adda  ~ 
the  vomiting  produced  by  various  sensory  impres^ons^  m  the  sight  of  I 
loatliBome  object^  a  disagreeable  smell ,  a  nauseous  taste,  or  that  pecnlla 
feeling  of  want  of  support  which  gives  vim  to  '  sea-sickness,'  especiallj 
when  combined  with  the  sight  of  continually-ahilting  lines  and  Biirface 
which  itself  in  many  individuals  disposes  to  the  same  state ;  the  in^ 
voluntary  laughter  which  is  excited  by  tickhng,  and  also  that  whic' 
aometimes  bursts*forth  at  the  provocation  of  some  sight  or  sound  to  ^ 
which  no  ludicrous  idea  or  emotion  can  bo  attached ;  the  yawning  which 
is  excited  by  an  internal  sensation  of  uneasiness  (usually  arising  from 
deficient  T<^piration)j  or  by  tlie  sight  or  sound  of  the  act  as  performed 
by  another ;  and  those  involuntary  movements  of  the  body  and  limbs, 
excited  by  uneasy  sensations  (probably  mn&cular),  which  are  commonly 
designated  as  *  the  fidgets/     'WTien  the  reflex  activity  of  the  Sensory 
ganglia  is  more  strongly  excited,  in  coneequenoe  either  of  an  unumial 
potency  of  tlie  sensory  impressions,  or  of  an  unusual  excitability  of  this 
part  of  tlie  nervous  centres,  a  much  greater  variety  of  sensori -motor 
actions  is  witnessed.     The  powerful  involuntary  contraction  of  the  orbi' 
cukris  and  of  the  muscles  which  roll  the  oyetian  upwards  and  inwards, 
in  cases  of  exceaaive  irritability  of  the  retina  (§  505),  is  one  of  the  be§t 
escamplea  of  this  kind;  hut  another  very  curious  illustration  is  aiFord^d 
by  the  involuntary  abridgment  of  the  excito- motor  actions  of  respiration^ 
when  the  performance  of  these  is  attended  with  pain, — the  dependence  of 
this  abridgment  ufjon  the  direct  stimulus  of  sensation,  rather  than  ujion 
voluntary  restraint,  being  obvious  from  the  fact  that  it  often  presents 
itself  on   one  side  only,  a  Umitation   which    the  Will   cannot   imttate. 
Again,  there  are  certain  Convulsive  disorders  which  appear  to  depend 
upon  an  undue  excitability  of  these  centres,  the  paroxysms  being  excltcKj 
by  impressions  which  act  through  tlie  organs  of  sense,  and  are  not  t!»ua 
operative  unless  the  patient  be  conscious  of  them ;  thus  in  Hydrophobia, 
we  observe  the  immediate  influence  of  the  sight,  sound,  or  contact,  of 
liquids,  or  of  the  slightcy^t  currents  of  air,  in  exciting  tauscular  contrac- 
tions; and  in  many  Hysteric  subjects,  the  sight  of  a  paroxysm  in  another 
individual  is  the  most  certain  means  of  its  induction  in  themselves.     A 
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remarkable  case  of  this  general  exaltation  of  purely  sensorial  excitability 
has  been  recorded  by  Dr.  Cowan ;  who  gives  the  following  account  of  its 
phenomena,  which  can  scarcely  be  referred  to  any  other  than  this  cate- 
gory. "  The  shadow  of  a  bird  crossing  the  window,  though  the  blind  and 
bed-curtains  are  closed,  the  displacement  of  the  smallest  portion  of  the 
wick  of  a  candle,  the  slightest  changes  in  the  firelight,  induce  a  sudden 
jerking  of  the  spinal  muscles,  extending  to  the  arms  and  legs  when 
violent,  and  this  without  the  slightest  mental  emotion  of  any  kind 
beyond  a  consciousness  of  the  movement.  At  times  the  vocal  organs  are 
implicated,  and  a  slight  cry,  quite  involuntary,  takes  place.  At  these 
periods  she  is  unusually  susceptible  of  all  noises,  especially  the  least  ex- 
pected and  least  fiuniliar.  Movements  in  the  next  house  inaudible  to 
others,  the  slightest  rattle  in  the  lock  of  a  door,  tearing  a  morsel  of  paper, 
and  a  thousand  little  sources  of  soimd  not  to  be  catalogued,  induce  results 
similar  to  those  of  visual  impressions."* 

522.  It  is,  however,  when  the  Cerebrum  is  not  in  a  state  which  renders 
it  capable  of  receiving  and  acting-upon  Sensorial  impressions,  that  we 
find  the  independent  reflex  activity  of  the  Sensory  ganglia  most  strikingly 
displayed.  Thus  in  the  Infiint,  for  some  time  afler  its  birth,  it  is  obvious 
to  an  attentive  observer,  that  a  large  part  of  its  movements  are  directly 
prompted  by  sensations  to  which  it  can  as  yet  attach  no  distinct  ideas,  and 
that  ^ey  do  not  proceed  from  that  purposive  impulse  which  is  essential 
to  render  them  voluntary.  This  is  well  seen  in  the  efforts  which  it 
makes  to  find  the  nipple  with  its  lips ;  being  probably  guided  thereto  at 
first  by  the  smell,  but  afterwards  by  the  sight  also ;  when  the  nipple  has 
been  found,  the  act  of  suction  is  purely  excito-motor,  as  already  explained. 
So  in  the  Idiot  whose  brain  has  never  attained  its  normal  development, 
the  infiuence  of  sensations  in  directly  producing  respondent  movements 
is  obvious  to  all  who  examine  his  actions  with  discrimination ;  and  a  re- 
nuurkable  case  has  been  described,')'  in  which  an  entire,  though  temporary 
suspension  of  Cerebral  power,  reducing  the  subject  of  it  to  the  condition 
of  one  of  the  lowest  Vertebrata,  gave  a  very  satisfactory  proof  of  the 
independent  activity  of  this  division  of  the  Encephalic  centres. 

523.  But  we  do  not  require  to  go  so  far  in  search  of  characteristic 
examples  of  this  kind  of  reflex  action ;  since  they  are  afforded  by  the 
performance  of  habitual  movements,  which  are  clearly  under  Sensorial 
guidance,  when  the  Cerebrum  is  occupied  in  some  train  of  action  alto- 
gether disconnected  with  them.  An  individual  who  is  subject  to  *  absence 
of  mind,'  may  fell  into  a  reverie  whilst  walking  the  streets ;  his  attention 
may  be  entirely  absorbed  in  his  train  of  thought,  and  he  may  be  utterly 
unconscious  of  any  interruption  in  its  continuity ;  and  yet  during  the 
whole  of  that  time  his  limbs  shall  have  been  in  motion,  carrying  him 
along  the  accustomed  path,  whilst  his  vision  shall  have  given  to  these 
movements  the  direction  which  is  requisite  to  guide  him  along  a  parti- 
cular line,  or  to  move  him  out  of  it  for  the  avoidance  of  obstacles.  As 
already  pointed-out  (§  498),  there  seems  strong  reason  for  regarding  the 
ambulatory  movements  of  the  limbs  as  in  themselves  excito-motor ;  but 
the  guidance  of  these  movements  by  the  visual  sense  indicates  the  parti- 
cipation of  the  Sensorium  in  this  remarkable  performance. — It  has  been 
maintained  by  some  Metaphysicians  and  Physiologists,  that  these  ^  secon- 

«  "Uncet,"  Oct.  4,  1845.  f  Ibid.,  Not.  16  and  29,  1846. 
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dariiy  automatic  *  actiotia  always  contitiue  txy  he  voluntary,  because  the 
podbrmance  is  origiDaKy  due  to  a  succession  of  volitional  acts,  an 
liecaiise,  Id  any  particular  case,  it  is  tlio  Will  which  first  excites  then 
whilst  an  exertion  of  the  Will  serves  to  cheek  them  at  any  time.  Buf 
this  doctdjie  involves  the  notion  that  the  Will  is  in  a  state  of  pendulum- 
like  oscillation  between  the  train  of  thought  and  the  train  of  movement  • 
whereas  nothing  is  more  certain  to  the  individual  who  is  tlie  ^object  of 
both,  than  that  the  former  may  be  as  uninterrupted  as  if  the  body  vrer 
perfectly  at  rest,  and  his  reverie  wore  tjiking  place  in  tlie  quietude  of  I  " 
own  study*  And  as  it  commonly  hapj>ens  that  the  direction  taken  Ib  i 
ID  which  the  individual  is  most  in  the  habit  of  walking,  it  will  not  im 
frequently  occur  tljat  if  he  had  previously  intended  to  pursue  some  othe 
he  finds  hiuoself,  when  his  reverie  is  at  an  end,  in  a  locahtj  which 
be  very  remote  from  that  towards  whicli  his  walk  was  originally  destined'; 
which  would  not  be  the  case,  if  his  movements  had  been  still  under  the 
purposive  direction  of  the  will.  And  although  it  is  perfectly  true  that 
these  movements  can  be  at  any  time  checkcHl  by  an  effort  of  the  willj  yet 
tbia  does  not  really  indicate  that  the  will  has  been  previously  engaged  ia 
sustaining  them ;  since,  for  the  will  to  act  upon  them  at  all,  the  utttntion 
must  be  recalled  to  them,  and  the  Cerebrum  must  be  liberated  Itobi  its 
pirevious  self-occupation.  And  the  gradual  conversion  of  a  volitional  into 
an  automatic  train  of  movements,  so  tlmt  at  last  tljis  train,  once  started^ 
shall  continue  to  rua-dowu  oi'  itaelf,  will  be  found  to  be  leas  improbable 
than  it  would  at  first  appear,  when  it  cornea  to  be  understood  that  the 
mechanism  of  both  sets  of  actions  is  essentially  the  sajne,  and  th»t  tii^ 
merely  differ  as  regards  the  nature  of  the  stimulus  which  original iiv 
excites  them  (§  532).  That  the  same  automatic  movements  are  not 
excited  by  the  same  sensations,  when  the  Cerebrum  is  in  its  ordinary  state 
of  fuDCtlonal  connection  with  the  Sensorium,  is  a  fact  entirely  in  harmony 
with  the  principle  already  laid-down  (§§  431),  44(*),  The  complete  occupa- 
tion of  the  mind  in  other  ways^  as  in  close  conversation  or  airmen l^  or 
even  (it  may  be)  in  tlie  voluntary  direction  of  some  other  train  of  muscular 
movements,  is  no  less  favourable  than  the  state  of  reverie  to  that  Inde- 
pendent action  of  the  Automatic  centres  which  has  been  now  described. 

524.  In  the  state  of  entire  functional  activity  of  the  nervous  centre! 
of  Man,  however,  there  can  be  no  doubt  that  the  oporatjon  of  the  Sensory 
Ganglia  b  entirely  subordinated  to  that  of  the  Cerebrum ;  and  that  it 
furnishes  an  essential  means  of  connection  between  the  actions  of  the 
Cerebrum  on  the  one  liand,  and  those  of  the  organs  of  Sense  and  Motion 
on  the  other,  by  the  combination  of  which  the  Mind  is  brought  into 
relation  with  the  external  world.  For,  in  the  first  place,  it  may  be 
affirmed  with  certainty  that  no  mental  action  can  be  originally  excited, 
save  by  the  stim^ilus  of  Sensations ;  and  it  is  the  office  of  the  Sensory 
ganglia  to  form  these  out  of  the  impressions  brought  to  them  from 
the  organs  of  sense,  and  to  transmit  such  sensorial  changes  lo  the 
Cerebmni,  But  they  have  a  no  less  important  participation  in  the 
downward  action  of  the  Crerebrimi  upon  the  motor  apparatus ;  for  no 
voluntary  action  can  be  peribrmed  without  the  aesisiance  of  a  fjuidinf^ 
seuitfttton,   as   wits   first   prominently  stated   by  Sir  C,  Bell* — ^In    tlio 

*  See  htA  cbftpt«r  'Oa  tbo  BTer^Tus  Cirtle  wbiob  connects  the  VoUntarj  Musden  with 
the  BruQj^  In  bis  wtirk|  *'  On  tbe  Kfirvi^iui  3jst«m  of  tbfl  Etmt&a  BoUj*^ 
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majority  of  cases,  the  guiding  or  controlling  sensation  is  derived  from 
the  muscles  themselves,  of  whose  condition  we  are  rendered  cognizant 
by  the  sensory  nerves  with  which  they  are  furnished ;  but  there  are 
certain  cases  in  which  it  is  ordinarily  derived  from  one  of  the  special 
senses,  and  in  which  the  'muscular  sense'  can  only  imperfectly  supply 
the  deficiency  of  such  guidance ;  whilst,  again,  if  the  *  muscular  sense'  be 
deficient,  one  of  the  special  senses  may  supply  the  requisite  information. 
The  proof  of  this  necessity  is  fiimiEiied  by  the  entire  impossihility  of 
making  or  sustaining  voluntary  efforts^  without  a  guiding  sensation  of 
some  kind.  Thus,  in  complete  anesthesia  of  the  lower  extremities, 
without  loss  of  muscular  power,  the  patient  is  as  completely  unable  to 
walk  as  if  the  motor  nerves  had  also  been  paralyzed,  unless  the  deficient 
sensorial  guidance  be  replaced  by  some  other ;  and  in  similar  affections 
of  the  upper  extremities,  there  is  a  like  inability  to  raise  the  limb  or  to 
sustain  a  weight.  But  in  such  cases,  the  deficiency  of  the  '  muscular 
sense '  may  be  made  good  by  the  visual ;  thus,  the  patient  who  cannot 
feel  either  the  contact  of  his  foot  with  the  groimd,  or  the  muscular  effort 
he  is  making,  can  manage  to  stand  and  walk  by  looking  at  his  limbs ; 
and  the  woman  who  cannot  feel  the  pressure  of  her  child  upon  her  arms, 
can  yet  sustain  it  so  long  as  she  keeps  her  eyes  fixed  upon  it,  but  no 
longer, — ^the  muscles  ceasing  to  contract,  and  the  limb  dropping  power- 
less, the  moment  that  the  eyes  are  withdrawn  from  it.  Thus  it  is,  too, 
that  when  we  are  about  to  make  a  muscular  effort,  the  amount  of  force 
which  we  put-forth  is  governed  by  the  mental  conception  of  that  which 
will  be  required,  as  indicated  by  the  experience  of  former  sensations ; 
just  as  the  contractions  of  the  muscles  of  vocalization  are  regulated  by 
the  conception  of  the  sound  to  be  produced.  Hence  if  the  weight  be 
unknown  to  us,  and  it  prove  either  much  heavier  or  much  lighter  than 
was  expected,  we  find  that  we  have  put-forth  too  little  or  too  great  a 
muscular  effort. 

525.  There  are  two  groups  of  muscular  actions,  however,  which, 
although  no  less  voluntary  in  their  character  than  the  foregoing,  are  yet 
habitually  guided  by  otier  sensations  than  those  derived  from  the 
muscles  tiiemselves.  These  are,  the  movements  of  the  Eyeball^  and  those 
of  the  Vocal  apparatus. — The  former  are  directed  by  the  visual  sense,* 
by  which  the  action  of  the  muscles  is  guided  and  controlled,  in  the  same 
manner  as  that  of  other  muscles  is  directed  by  their  own  *  muscular 
sense* ;  and  hence  it  happens  that,  when  we  close  our  eyes,  we  cannot 
move  them  in  any  required  direction  without  an  effort  that  strongly 
calls-forth  the  muscular  sense,  by  which  the  action  is  then  guided.  In 
persons  who  have  become  blind  adder  having  once  enjoyed  sight,  an  asso- 
ciation is  formed  by  habit  between  the  muscular  sense  and  the  con- 
tractile action,  that  enables  the  former  to  serve  as  the  guide  after  the  loss 
of  the  visual  sense  ;  but  in  those  who  are  bom  perfectly  blind,  or  who 
have  become  so  in  early  infancy,  this  association  is  never  formed,  and 
the  eyes  of  such  persons  exhibit  a  continual  indeterminate  movement, 
and  cannot  by  any  amount  of  effort  be  steadily  fixed  in  one  spot,  or  be 
turned  in  any  definite  direction.  A  very  small  amount  of  the  visual 
sense,  however,  such  as  serves  merely  to  indicate  the  direction  of  light, 

*  See  Dr.  Alison^s  Memoir  on  the  '  Anatomical  and  Physiological  Inferences  from  the 
Stady  of  the  Nerves  of  the  Orbit,'  m  "  Trans,  of  fioy.  Soc  of  Edinb./'  fol.  xy. 
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is  iuiEcient  for  the  government  of  the  movements  of  the  ejeball. — Tn 
the  production   of  vocal   Bounds,  agJiint  that   nice  adjustment  of  the 
muscleg  of  the  Larynx,  t^hich  is  requisite  to  the  giving-forth  of  de 
minate  tones*  is  ordinarily  directed  by  the  auditory  sense :  being  learn e 
in  the  first  instance  under  tlie  guidance  of  the  sounds  actually  pro- 
duced ;  but  being  subsequeotly  effected  voluntarily,  in  accordance  with 
the  mental   conception  (a  sort  of  inward  sensation)  of  the  tone  to  he 
uttered,  which  conception  cannot  be  formed,  unless  the  sense  of  bearing 
haa  previously  brought  similar  tones  to  the  mind.     Hence  it  is  that 
persons  who  are  bom  (/f«yj  are  also  dmnb.     They  may  have  no  malfor 
mation  of  the  organs   of  speech ;   but  they  are  incapable  of  uiteric 
distinct  vocal  sounds  or  musical  tones,  because  tliey  have  not  the  guidmg 
conception^  or   recalled   Bensatiau,  of  the   nature   of  these.      By  longl 
training,  however^  and  by  imitative  efforts  directed  by  muscular  sensa- 
tions in  the  larynx  itself,  some  persons  thus  circuiustanced  have  acquired 
the  power  of  speech ;  but  the  want  of  a  sufficiently  definite  control  over 
the  vocal  muscles  is  always  very  evident  in  their  use  of  the  organ. — It 
is  very  rarely  that  a  person  who  haa  once  enjoyed  the  sense  of  hearlngi 
aftenvarda  become  so  completebf  deaf,  as  to  lose  all  auditory  control  over 
his  vocal  organs.     An  example  of  this  kind,  however,  has  been  conimu- 
nicated  to  the  public  by  a  well-known  author,  as  having  occurred  in 
himself;  and  the  record  of  his  exj>eriencea*  cotitiuns  many  points  of 
much  interest.     The  deafness  was  the  result  of  an  accident  occurring  in 
childhood,  which  left  him  for  some  time  in  a  state  of  extreme  debility ; 
and  when  he  made  the  attempt  to  speak,  it  was  with  considerable  paio  in 
the  vocal  organs.     This  pain  probably  resiilted  from  the  imaccusiomed 
effort  which  it  was  necessary  to  make,  when  the  usual  guidance  was 
wanting  \  being  analogous  to  tlie  uneasiness  which  we  experience^  when 
we  attempt  to  move  our  eyes  with  the  lids  closed.     His  voice  at  ^at 
time  is  described  as  being  very  similar  to  that  of  a  person  born  deaf- 
and-dumb,  but  who  has  been  taught  to  speak,     Witli  the  uneaaineas  in 
the  use  of  the  vocal  organs,  was  dissociated  an  extreme  mental  indispo- 
Bition  to  their  employment;  and  thuSj  for  some  years,  the  voice  was 
very  little   exercised.      Circumstances  afterwards  forced   it,    howoverp, 
into  conatfint  employment ;  and  great  improvement  subsequently  look 
place  in  the  power  of  voaili^ation,  evidently  by  attention  to  the  indi- 
cations of  the  muscular  sense.     It  is  a  curious  circumstauce  fully  con- 1 
firming  this  view,  that  the  words  which  bad  been  in  use  previously  tol 
the  supervention  of  the  deafness,  were  still  pronounced  (such  of  them,,i 
at  leastr  aa  were  kept  in  employment)  as  they  had  been  in  childhood  ;| 
the  muscular  movements  concerned  in  their  articulation  having  stiU  been 
guided  by  the  original  auditory  conception,  in  spite  of  the  knowledge  1 
derived  from  the  information  of  others  that  such    prontmciation  wa 
erroneous.     On   the  other  hand,  all  the   words  subsequently  leame 
were  pronounced  according  to  their  spelling ;  the  acquired  associations 
between  the  muscular  sensations  and  the  written  signs  being  in  this 
case  the  obvious  guide. 

52().  It  is  through  tlie  '  muscular  sense,*  in  combination  with  the 

visual  ai^d  tactile,  that  tliose  movements  are  regulated  which  are  eon- 

eerned  alike  in  ordinary  progression,  and  in  Uio  maintenance  of  tJie 

*  Sea  the  *^  Loet  S«Di^?'  bj  Dr.  Eitto ;  vuL  i.,  clmpten  2  nnd  3* 
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equilibrium  of  the  body.  That  the  visual  sense  has,  in  most  persons,  a 
large  share  in  this  regulation,  is  evident  from  the  simple  &ct,  that  no 
one  who  has  not  been  accustomed  to  the  deprivation  of  it,  can  continue 
to  walk  straight-forwards,  when  blind-folded,  or  in  absolute  darkness, 
towards  any  point  in  the  direction  of  which  he  may  have  been  at  first 
guided.  But  the  blind  man,  who  has  been  accustomed  to  rely  exclu- 
sively upon  his  muscular  sense,  has  no  difficulty  in  keeping  to  a  straight 
path;  and  moves  onwards  with  a  confidence  which  is  in  remarkable 
contrast  with  the  gait  of  a  man  who  has  been  deprived  of  sight  for  the 
occasion  only.  In  fact,  as  Mr.  Mayo  has  well  remarked,*  in  our  ordinary 
movements,  "  we  lean  upon  our  eyesight  as  upon  crutches." — ^When  our 
vision,  however,  instead  of  aiding  and  guiding  us,  brings  to  the  mind 
sensations  of  an  antagonistic  character,  our  movements  become  uncer- 
tain, firom  the  loss  of  that  power  of  guidance  and  control  over  them, 
which  the  harmony  of  the  two  sensations  usually  gives.  Thus  a  person 
unaccustomed  to  look  down  heights,  feels  insecure  at  the  top  of  a  tower 
or  a  precipice,  although  he  knows  that  his  body  is  properly  supported ; 
for  the  void  which  he  sees  below  him  contradicts  (so  to  speak)  the 
tactile  sensations  by  which  he  is  made  conscious  of  the  due  equilibrium 
of  his  body.  So,  again,  although  any  one  can  walk  along  a  narrow 
plank,  which  forms  part  of  the  floor  of  a  room,  or  which  is  elevated  but 
a  little  above  it,  widiout  the  least  difiiculty,  and  even  without  any  con- 
sciousness of  effort,  if  that  plank  be  laid  across  a  chasm,  the  bottom 
of  which  is  so  ^  removed  fi-om  the  eye  that  the  visual  sense  gives  no 
assistance,  even  those  who  have  braced  their  nerves  against  all  emotional 
distraction,  feel  that  an  effort  is  requisite  to  maintain  the  equilibrium 
during  their  passage  over  it ;  that  efibrt  being  aided  by  the  withdrawal  of 
the  eyes  firom  the  abyss  below,  and  the  fixation  of  them  on  a  point 
beyond,  which  at  the  same  time  helps  to  give  steadiness  to  the  move- 
ments, and  distracts  the  mind  firom  the  sense  of  its  danger.  The  degree 
in  which  the  '  muscular  sense'  is  alone  sufficient  for  the  guidance  of  such 
movements,  when  the  mind  has  no  consciousness  of  the  danger,  and 
when  the  visual  sense  neither  afibrds  aid  nor  contributes  to  distract  the 
attention,  is  remarkably  illustrated  by  the  phenomena  of  Somnam- 
bulism ;  for  the  sleep-walker  traverses,  without  the  least  hesitation,  the 
narrow  parapet  of  a  house,  and  crosses  narrow  and  insecure  planks, 
clambers  roofs,  &c.,  under  circumstances  that  clearly  indicate  the  nature 
of  the  guidance  by  which  he  is  directed. — The  dependence  of  our  ordi- 
nary power  of  maintaining  our  equilibrium,  upon  the  combination  of  the 
guiding  sensations  derived  through  the  sight  and  the  touch,  is  further 
well  illustrated,  as  Mr.  Mayo  has  pointed-out  (loc.  cit.),  by  what  happens 
to  a  landsman  on  first  going  to  sea.  "  It  is  long  before  the  passenger 
acquires  his  *  sea-legs.*  At  first,  as  the  ship  moves,  he  can  hardly  keep 
his  feet ;  the  shifting  lines  of  the  vessel  and  surface  of  the  water  unsettle 
his  visual  stability ;  the  different  inclinations  of  the  planks  he  stands-on, 
his  muscular  sense.  In  a  short  time,  he  learns  to  disregard  the  shifting 
images  and  changing  motions,  or  acquires  facility  in  adapting  himself 
(like  one  on  horseback)  to  the  different  alterations  in  the  line  of  direction 
in  his  frame."  And  when  a  person  who  has  thus  learned  by  habit  to 
maintain  his  equilibrium  on  a  shifting  surface,  first  treads  upon  firm 
•  "  Outlinea  of  Phyriology,"  8rd  edit,  p.  855. 
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ground,  be  f«eb  himseli'  almost  as  mucli  at  ikult  aa  he  did  when  be  fir 
went  to  sea :  and  it  is  only  all^r  being  aome  time  on  shorej  that  he  ifl 
able  to  reauine  his  original  manner  of  vmlking.  Indeed,  most  of  tbo 
wbo  apeud  the  greater  jmrt  of  their  tinte  at  sm^  acquire  a  peculiar  gait 
which  becomea  bo  habitual  to  them,  that  tliey  are  never  able  to  tlirov 
it  off  > 

527*  But  further,  there  is  very  strong  physiological  eTidencc3,  that  thJ 
Sensory  Ganglia  are  not  merely  the  instnunents  whereby  our  voliinmryf 
movements  are  directed  and  controlled,  in  virtue  of  the  giudiiig  sea- 
eations  which  tbey  furnish j  but  that  they  are  actually  the  immediate^ 
centres  of  the  motor  influence  which  excite  mu^ular  eontmctioiia,  in 
obedience  to  impulses  transmitted  downwards  from  the  Cerebrum-     1% 
has  uaiially  been  considered  that  the  Cerebrum  acts  directly  upon   di* 
muscles,  in  virtue  of  a  direct  continuity  of  lierve-fibres  fi*om  the  grey 
matter   of  its   convolutions,    thronffh    the  Corpora   Striata,    tlie    motor! 
tract  of   tiie  Medulla    Oblongata,  the   anterior   portion   of  the    JSpir 
Cord,  and  the  anterior  roots  of  the  nerves  ;  and  diat  in  the  perlbrnaanci  _ 
of  any  voluutary  movement,  the  Will  determines  the  motor  force  t^  tJie 
muscle  or  set  of  muselea  by  whose  instrumentality  it  may  be  produced. 
To  this  doctrine^   however,   the    anatomical  facta    already  stated   con- 
stitute a  very  serious  objection ;  for  the  motor  tract  camiot  be  etated 
with  certainty  to  have  any  higher  origin  than  the  Corpora  Striata ;  antT 
it  is  impoaalble  to  imagine  that  the  fibres  which  converge  towardi  thfl 
Biirface  of  theae   bodies   from    all    parts  of   the  Cerebrum,  can    be  s^ 
closely  compacted-together  as  to  be  included  in  the  motor  columns 
the  Spinal  Axis.     The  iact  would  rather  seem  to  be,  that  these  con- 1 
verging  fibres  bear  the  same  kind  of  anatomical  relation  to  the  C-orporsI 
Striata  and  tlie  other  Sensorial  centres  of  motor  power,  aa  do  the  fibres  1 
of  the  afferent    nerves  which   proceed   to  them  from    the    Retina,  th#  j 
Scbneiderian  membrane,  and   other   peripheral    expansions  of  nervous  I 
mattery  and  hence  we  might  infer  that  the  nerve-lbrce  generated  in  the! 
convohitionaj  instead  of  acting  immediatd^f  on  the  motor  nerves,  is  firifcl 
directed  towards  the  Automatic  centresj  and  excites  the  same  kind  of 
motor  response  in  thenij  as  would  be  given  to  an  impression  tniusmitted 
to  them  tlirough  a  sensory  nerve.     We  shall  find  that  such  a  view  ofl 
the  structural  arrangements  of  these  parts  is  in  remarkable  accorflanc«| 
with  their  functional  relations,  as  indicated  by  a  careful  analysis  of  tbtl 
mechanism  of  what   is  commonly  regarded  as  *  voluntary  ^  movement. 
The  Cerebrum  may  thus  call  the  motor  apparatiis  into  action,  as  thtl 
instrument  either  of  ideas,  o£  tmotwnsif  or  of  volitional  defenuinfttioHS;  but 
we  must  limit  our  present  examination  to  vol  nut  an/  movetMUnts  alone,. 
these  having  been  usually  regarded  as  in  sncli  complete  antagonism  to 
thoae  of  the  automatic  group,  that  even  sejwtrate  sets  of  nerve- fibres  have 
been  thought  requisite,  to  account  for  the  transmission  of  tliese  two  dis*. 
tinct  orders  of  motor  impulses  to  the  muscles. 

528*  Now  in  the  first  place,  it  may  be  asserted  with  some  confidence 
that  no  effort  of  the  Will  can  exert  that  direct  influence  on  the  muscle 
whieh  our  ordinary  phraseology,  and  even   the  language  of  acientificl 
rennoners^  would  seem  to  imply  ;  but^  on  the  other  liaiid,  tliat  the  Will  isi 
solely  concerned  in  determining  the  remdt ;  the  selection  and  comb t nation 
of  muacniar  movements  required  to  bring  about  this  result,  not  beingi 
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effected  by  the  Will,  but  by  some  intermediate  agency.  If  it  were 
otherwise,  we  should  be  dependent  upon  anatomical  knowledge  for  our 
power  of  performing  the  simplest  movement  of  the  body ;  whereas  we 
find  the  fact  to  be,  that  the  man  who  has  not  the  least  idea  of  the 
mechanism  of  muscular  action,  can  acquire  as  complete  a  command 
over  his  movements,  and  can  adapt  them  as  perfectly  to  tlie  desired  end, 
as  the  most  accomplished  anaton^ist  could  do.  Fm1;her,  we  cannot,  by 
any  exertion  of  the  will,  single-out  a  particular  muscle,  and  throw  it  into 
contraction  by  itself,  imless  that  muscle  be  one  which  is  alone  concerned 
in  an  action  ^at  we  can  volimtarily  perform ;  and  even  then  we  single  it 
out  by  willing  the  action.  Thus  we  can  put  the  levator  palpebrce  in 
action  by  itself;  but  this  we  do,  not  by  any  conscious  determination  of 
power  to  the  muscle  itself,  but  by  willing  to  raise  the  eyelids ;  and  it  is 
only  by  our  anatomical  knowledge  that  we  know  that  but  a  single  muscle 
is  concerned  in  this  movement.  So  far  as  our  own  consciousness  can 
inform  us,  there  is  no  difference  between  the  mechanism  of  this  action 
and  that  of  the  flexion  of  the  knee-  or  elbow-joint ;  and  yet  in  these 
latter  movements,  several  muscles  are  concerned,  not  one  of  which  can  be 
singled-out  by  an  effort  of  the  will,  and  thrown  into  action  separately 
from  the  rest. — The  idea  that  the  will  is  directly  exerted  upon  the  muscles 
called  into  action  to  produce  a  particular  movement,  may  seem  to  derive 
some  support  from  the  sense  of  muscular  effort  of  which  we  are  conscious 
in  making  the  exertion,  and  which  we  refer  to  the  muscles  which  are 
concerned  in  it ;  but  this  sense  of  effort  is  nothing  else  than  the  *  mus- 
cular sense'  already  alluded-to,  which  has  its  origin  in  the  state  of  tension 
of  the  muscles,  and  which  is  no  more  an  indication  of  mental  effort 
directed  to  them,  than  the  sensation  of  light  or  soimd  is  an  indication  of 
a  determination  of  volimtary  power  to  the  eyes  or  ears. 

529.  There  are  two  cases,  already  referred-to  imder  another  head,  in 
which  it  is  very  easy  to  show  that  Ae  Will  is  concerned  with  the  result 
alone,  and  is  not  directly  exerted  upon  the  instnunents  by  which  that 
result  is  brought-about :  these  are,  the  movements  of  the  Eyes,  and  the 
production  of  Vocal  tones.  In  neither  of  them  are  we  conscious  of  any 
effort  in  the  muscular  apparatus,  unless  the  contraction  be  carried  beyond 
its  accustomed  extent;  the  ordinary  movements  being  governed,  as  already 
remarked,  not  by  the  muscular  sense,  but  by  the  visual  and  auditory 
senses  respectively. — Nothing  can  be  more  simple,  to  all  appearance, 
than  the  act  of  turning  the  eyes  upwards  or  downwards,  to  one  side  or 
the  other,  in  obedience  to  a  determination  of  the  Will ;  and  yet  the  Will 
does  not  impress  such  a  determination  upon  the  muscles.  That  which 
the  Will  really  does,  is  to  cause  the  eyeballs  to  roll  in  a  given  direction, 
in  accordance  with  a  visual  sensation ;  and  it  is  only  when  there  is  an 
object  towards  which  the  eyes  can  be  turned,  that  we  can  move  them 
with  our  usual  fecility.  When  the  eyelids  are  closed,  and  we  attempt  to 
roll  the  globes  upwards  or  downwards,  to  one  side  or  to  the  other,  we  feel 
that  we  can  do  so  but  very  imperfectly,  and  with  a  sense  of  effort  referred 
to  the  muscles  themselves, — this  sense  being  the  result  of  the  state  of 
tension  in  which  the  muscles  are  placed  by  the  effort  to  move  the  eyes 
without  the  guiding  visual  sensation.  Now,  on  the  other  hand,  the  Will 
may  determine  to  fix  the  eyes  upon  an  object ;  and  yet  this  very  fixation 
may  be  only  attainable  by  a  muscular  movement,  which  movement  is 
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directly  excited  by  the  visual  eensej  without  any  exertion  of  volimt.^ry 
power  ovtr  the  muscles.  Such  m  the  caae  wheu  we  determinate ly  look 
steadily  ataa  object,  whilst  we  move  tlie  head  horiKotitally  from  side  to  side; 
for  the  eyeballs  will  then  be  moved  in  the  couttary  direction  by  a  kind  of 
instinctive  effort  of  the  external  and  internal  recti »  wliich  tends  to  keep  the 
retine  in  dieir  firet  poaitioUi  and  to  prevent  the  motion  of  the  imagcjs 
over  them.  So,  when  we  look  steadily  at  an  object,  and  incline  the  head 
towards  either  shoulder,  the  eyeballs  are  rotated  upon  their  antero ^pos- 
terior axis  (probably  by  the  figency  of  the  oblique  muscles)  apjmrently 
with  the  very  same  purpose, — that  of  preventing  tlie  images  from  moving 
over  tlie  retinro  {see  chap,  ktil,  Sect.  3),  Now  we  cannot  reftise  to  this 
rotation  any  of  the  attributea  whicli  really  characteri;ee  the  so-called 
voluntary  movementa ;  and  yet  we  are  not  even  informed  by  our  own 
oonsciouanesa  that  such  a  movement  is  taking  place,  but  know  it  only  by 
observation  of  others  or  by  the  rellection  in  a  mirror. 

530.  The  muscular  contractions  which  are  concerned  in  the  production 
of  Vocal  tonea,  are,  in  like  maimer,  always  accounted  voluntary  ;  and  yet 
it  ia  easy  to  show  that  the  Will  has  no  dir^t  power  over  the  muscles  of 
the  larynx.  For  we  cannot  raise  or  depress  the  larynx  as  a  whole,  nor 
move  the  thyroid  cartiliige  upon  the  cricoid^  nor  separate  or  approximate 
the  arytenoid  cart'dages,  nor  extend  or  relax  the  vocal  ligameiita,  by 
simply  WifJififf  to  do  so,  however  strongly.  Yet  we  can  readily  do  any 
or  all  these  things,  by  an  act  of  tlie  Will  exerted  for  a  sf»eeific  purpose. 
We  conceive  of  a  tone  to  be  produced,  and  we  tvill  to  produce  it  \  a 
certain  combination  of  the  muscular  actions  of  the  larj-nx  then  takei 
place,  in  most  exact  accordance  with  one  another ;  and  the  predetermined 
tone  is  the  result.  This  anticipated  or  conceived  sensation  is  die  guide 
to  the  muscular  movements,  when  as  yet  the  utterance  of  the  voice  has 
not  taken  place ;  but  whilst  we  are  in  the  act  of  speaking  or  singings  tho 
contractile  actions  are  regulated  by  the  present  sensations  derived  from 
the  sounds  as  they  are  produced .^It  can  scarcely  but  be  admitted,  then, 
that  the  WiU  does  not  directly  govern  the  movements  of  the  Larynx ;  but 
tliat  these  movements  are  immediately  dependent  upon  some  other  agency; 

531.  Now  what  is  true  of  the  two  preceding  classes  of  actions,  is 
equal!y  true  of  all  the  rest  of  tlie  so-called  vohntarj/  movementa  ^  for  in 
each  of  them  the  power  of  the  Will  is  really  limited  to  the  determination 
of  the  result ;  and  the  production  of  that  result  is  entirely  dej>endent  upon 
the  concurrence  of  a  *  guiding  sensation/  which  is  usually  furnished  by 
tlie  very  muscles  tliat  are  called  into  action.  It  is  obvious,  there(bre^ 
tliat  we  have  to  seek  for  some  intermediate  agency,  which  execute,^  the 
actions  dttertnined  by  the  Will ;  and  when  the  facta  and  probabilities 
already  stated  are  duly  considered,  they  tend  strongly  in  favour  of  the 
idea  that  even  Voluntary  movements  are  executed  by  the  instrumentality 
of  tbe  Automatic  apparatus,  and  that  they  djfier  only  from  the  automatic 
or  instinctive  in  the  nature  of  the  stimulus  by  which  they  are  excited, — 
tJie  determination  of  the  Will  here  replacing,  as  the  exciting  cause  of  ita 
action,  the  sensory  impression  which  operates  as  such  in  the  caae  of  an 
instinctive  movement,  and  which  is  still  rc<}uisite  for  its  guidimce. 

532.  This  view  of  tho  case  derives  a  remarkable  conErmation  from 
the  mialyiis  of  two  classes  of  very  familiar  phenomena. :  the  first  conaiet- 
ing  of  cases  in  whicli  movements  that  are  ordinarily  Automatic  are  per- 
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formed  by  Voluntary  determination,  or  simply  in  respondence  to  an  Idea; 
the  second  consisting  of  those  in  which  movements  originally  Voluntary 
come  by  habit  to  be  Automatically  performed. — Of  the  first  class,  the  act 
of  Coughing  is  a  good  example.  This  action,  which  is  ordinarily  automatic, 
may  also  be  excited  by  a  volimtary  determination ;  such  a  determination, 
however,  is  directed  to  the  result^  rather  than  exercised  in  singling-out 
the  different  movements  and  then  combining  them  in  the  necessary 
sequence ;  and  the  Will  thus  seems  obviously  to  take  the  place  of  the 
laryngeal  or  tracheal  irritation,  as  the  primum  mobile  of  the  series,  which, 
in  its  actual  performance,  is  as  automatic  in  the  latter  case  as  in  the 
former.  So,  again,  we  know  that  many  of  the  automatic  movements 
which  have  been  already  referred-to  as  examples  of  the  sensori-motor 
group  (§  521),  and  which  the  Will  cannot  call-forth,  may  be  performed 
in  respondence  to  ideas  or  conceptions,  which  are  Cerebral  states  that 
seem  to  recal  the  same  condition  of  the  Sensorium  as  that  which  was 
originally  excited  by  the  Sensory  impression.  Thus  it  is  well  known  that 
the  act  of  Vomiting  may  be  induced  by  the  remembrance  of  some  loath- 
some object  or  nauseous  taste,  excited  by  some  act  of  *  suggestion  ;*  and 
the  Author  has  known  an  instance  in  which  a  violent  fit  of  sea-sickness 
was  brought-on  by  the  sight  of  a  vessel  tossed  about  at  sea,  which 
recalled  the  former  experience  of  that  state.  So  the  Hydrophobic 
paroxysm  may  be  excited  by  the  mention  of  the  name  of  water,  which  of 
course  calls  up  the  idea ;  and  a  tendency  to  ya^vn  is  in  like  manner 
frequently  induced  by  looking  at  a  picture  of  yawners,  or  by  speaking  of 
the  act,  or  by  voluntarily  commencing  the  act  which  may  then  be 
automatically  completed. — The  automatic  performance  of  actions  which  * 
were  originally  volimtary  has  already  been  fully  discussed  (§  523)  ;  and 
we  have  therefore  only  to  remark  here,  that  the  fact  very  strongly  sup- 
ports the  view  now  advanced,  as  to  the  singleness  of  the  mechanism  which 
serves  as  the  instrument  of  both  classes  of  actions,  and  the  essential 
uniformity  of  its  operation  in  the  two  cases. — It  would  be  difficult  to 
explain  either  set  of  phenomena  satisfactorily,  on  the  hypothesis  that 
there,  is  a  *  distinct  system'  of  fibres  for  the  volitional  and  for  the  automatic 
movements ;  since  it  is  not  readily  to  be  conceived  how  a  set  of  move- 
ments originally  performed  by  the  one  can  ever  be  transferred  to  the 
other ;  whilst,  on  the  other  hand,  it  is  easy  to  imderstand  how  the  same 
naotorial  action  may  be  excited  in  the  automatic  centres,  either  by  an 
external  impression  conveyed  thither  by  an  afferent  nerve  from  a 
Sensory  surface  (as  that  of  the  irritation  in  the  air-passages,  which 
excites  the  act  of  coughing),  or  by  a  stimulus  proceeding  from  the  con- 
voluted surface  of  the  Cerebrum,  and  conveyed  along  those  connecting 
fibres  which  Reil  with  great  sagacity  termed  the  *  nerves  of  the  internal 
senses.' 

633.  To  sum-up,  then,  we  seem  justified  in  concluding  that  the  Cranio- 
spinal Axis  of  Man  and  other  Vertebrata, — consisting  of  the  Sensory 
Ganglia,  Medulla  Oblongata,  and  Spinal  Cord, — is  (fike  the  chain  of 
cephalic  and  ventral  ganglia  of  Articulata  with  which  it  is  homologous) 
the  immediate  instrument  of  all  sensorial  and  motor  changes;  that  by  its 
sole  and  independent  action  are  produced  all  those  movements  which  are 
ranked  as  automatic  or  instinctive,  these  being  performed  in  respondence 
to  external  impressions  which  may  or  may  not  affect  the  consciousness ; 
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l>ut  that  when  acting  in  Buhordmation  to  the  Cerebnmi,  the  CnLDio^l 
Bpifial  Axis  tran^smita  upwards  to  it  the  infiiience  of  Sensorial  clmnges^l 
and  receives  from  it  die  downward  impulses^  which  it  directa  automa- 
ticallj  into  the  appropriatiC  channel  for  the  execution  of  the  movonieutft. 
which  the  Mind  has  directed.     The  numl>cr  of  purely-automatic  action 
dimintahea  in  proportion  to  the  development  of  the  CercbrujiiT  and  to  tho* 
subjection  of  the  Automatic  itppiinitua  to  its  control ;  but  even  in  Man| 
thoee  moat  closely  connected  with  die  maintenance  of  the  organic  fuDc- 
tioni,  or  moat  necessary  for  die  conaerration  of  the  bodily  etructure, 
remiiin  quite  independent  of  any  men^l  agency ,  and  most  of  them  do 
not  require  eonsciotisnefia  for  dieir  excitation.     But  if  the  activity  of  the 
Cerebrum  be  snBpended  or  be  otherwise  direetedt  without  any  alFectUm 
of  the  autonmtic  apparatUB^  movements  which  have  long  been  haliitiialjy 
pedbrtned  in  a  particular  se<it^encGj  may  be  kept-up,  when  the  will  hajj 
once  set  them  in  action,  throngh  the  automatic  inechtiriiem  uJone ;  t)ie 
impressioTial  or  sensational  change  produced  by  e;ich  twrtiou,  supplying 
the  fltimulua  which  calls- forth  the  next*— It  timy  further  be  concludt^d 
that  the  Sensory  Ganglia,  which  are  die  inrttrumeuts  whereby  w*e  are 
rendered  consciaus  of  external  impreeaions,  are  also  the  seat  of  those 
minple  fet^linf^s  of  pleasure  and  pain  which  are  immediately  iinked-on  to 
that  consciousness :   for  it  can  Bcarcely  be  doubted  that  such  feelings  must 
Tie  associated  wkh  particular  lensattons,  in  animak  that  have  no  gauglionii^ 
centres  above  those ;   since  we  must  otherwise  regard  tlie  whole  series  iif 
Invertebrated  tribes  as  neither  susceptible  of  enjoyincnt,  nor  capable  of 
feeling  paui  or  discomibrt^     And   it  1  likewise  seems  probable  that  the  i 
Sensory  Gimglia  are  also  the  seat  of  those  perceptional  acts,  wliicU  brin^* 
the   consciousness   into  direct  relation    with    the   external  object    thut 
arouised  the  sensation ;  since  the  recognition  of  externniiti/  e^um  evident 
in  the  actions  of  die  tribes  just  referred-to.* 

4,  0/  the  Cerebellum^  and  its  Funetions, 

534.  The  Cerebellum  is  an  organ  which,  though  confined  to  tlie  Ver- 
tebrated  sub^Kingdom^  is  yet  in  j>eculiarly- intimate  relation  with  the 
Automatic  apparatus.  In  that  liighest  state  of  development  which  it 
presents  in  Man,  we  find  it  to  consist  of  two  taUral  lobes  or  hemispheres^ 
composed  of  nerve- fibres  invested  in  a  very  peculiar  manner  by  vcaieuhw 
substance,  and  of  a  central  lobe,  also  containing  a  combination  of  the. 
vesicular  and  fibrous  substaiices,  which  is  known  under  tlie  deaiguutiou 
of  the  *  vermiform  process/  The  hemispheres  are  connected  with  e«ich 
other  not  only  by  this  central  lobe,  but  also  by  the  fibrous  oommiBsuro 
which  passes  beneath  the  Medulla  Oblongata,  and  is  knoft^i  as  the  *Pona 
Varolii.'  The  commissnnU  fibres  form  |mrt  of  die  *  Crm-a  Cerebelli ;' 
but  another  portion  is  formed  by  the  strands  which  connect  dicj  Cero* 
bellum  with  the  anterior  and  posterior  columns  of  the  Spinal  C^^rd  and 
Medulla  Oblongata  {§  475);  and  in  addition  to  these,  we  find  a  Jiiscicnluji 
of  fibres  pissmg  between  the  Cerebellum  and  die  Corpora  Qtuith-igemina, 

*  It  mny  here  bo  reiuarlccd  that  the  term  SeHBatioa  U  now  unJerfltoutl  U>  imply  tli« 
simple  couaeiuuiiiesB  of  ivu  imprebsiau,  whilst  P^rctptiua  referti  thAt  imftn^iKtori  lo  Bonie- 
thiiig  tiut  of  the  tffo.  For  the  prtjduotioo  of  u.  Seniatlott  a  esoBcbait  sutto  of  the  mbid  it 
all  that  li  rcquiruil ;  but  far  the  exGrcmt  of  th«  PereepftiTia  powet  m  cert^m  t)i'gre«  ciif 
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the  '  iter  a  cerebello  ad  testes.'  The  peduncle  of  its  hemispheres  on  either 
side  contains  a  mass  of  grey  matter,  the  '  corpus  rhomboideum,'  or 
*  dentatum/ which  seems  to  be  a  ganglionic  centre  .for  the  fibres  that 
pass  upwards  to  it  from  the  Spinal  Cord.  The  Cerebellum  has  no  direct 
connection  with  the  Cerebrum,  and  its  relations  are  entirely  with  the 
Cranio- Spinal  Axis. 

535.  When  we  examine  into  the  relative  development  of  the  Cere- 
bellum in  the  different  classes  of  Vertebrata,  we  find  that  it  presents  some 
very  remarkable  differences.*  In  its  simpler  forms,  this  organ  is  found 
to  consist  entirely  of  the  representative  of  the  central  lobe  of  the  Human 
Cerebellum,  the  hemispheres  not  making  their  appearance  until  we  have 
ascended  to  the  class  of  Birds.  On  ascending  the  scale  of  Mammiferous 
animals,  on  the  other  hand,  we  cannot  but  be  struck  with  the  rapid 
advance  in  the  proportional  size  of  the  Cerebellum,  which  we  observe  as 
we  rise  fi-om  the  lowest  (which  are  surpassed  in  this  respect  by  many  Birds) 
towards  Man,  in  whom  it  attains  a  development  which  appears  enormous, 
even  when  contrasted  with  that  of  the  Quadrumana.  In  proportion,  in 
feet,  as  the  extremities  acquire  the  power  of  prehension,  and  together  with 
this  a  power  of  application  to  a  great  variety  of  purposes, — still  more,  in 
proportion  as  the  animal  becomes  capable  of  maintaining  the  erect  posture, 
in  which  a  constant  muscular  exertion,  consisting  of  a  number  of  most 
elaborately-combined  actions,  is.  required,— do  we  find  the  size  of  the 
Cerebellum,  and  the  complexity  of  its  structure,  undergoing  a  rapid 
increase.  Thus,  even  between  the  Dog  and  tiie  Bear  there  is  a  marked 
difference ;  the  latter  being  capable  of  remaining  for  some  time  in  the 
erect  posture,  and  oflen  spontaneously  assuming  it ;  whilst  to  the  former 
it  is  anything  but  natural.  In  the  semi-erect  Apes,  again,  there  is  a  very 
great  advance  in  the  proportional  size  of  the  Cerebellum ;  and  those  which 
most  approach  Man  in  the  tendency  to  preserve  habitually  the  erect 
posture,  also  come  nearest  to  him  in  tie  dimensions  of  this  organs — Thus 
on  looking  at  the  size  of  the  Cerebellum,  in  relation  to  the  general  motor 
activity  of  the  Vertebrated  classes  respectively,  and  especially  taking  into 
account  the  variety  of  their  respective  movements,  and  the  number  of 
separate  muscular  actions  which  are  combined  in  each,  we  can  scarcely 
help  noticing  that  it  is  in  the  tribes  which  are  most  distinguished  in  these 
respects,  that  the  largest  Cerebellum  is  usually  found.  Now  it  is  evident 
that  Man,  although  far  inferior  to  many  of  the  lower  animals  in  the  power 
of  performing  various  particular  kinds  of  movement,  far  surpasses  them 
all  in  the  number  and  variety  of  the  combinations  which  he  is  capable  of 
executing,  and  in  the  complexity  of  the  combinations  themselves.  Thus, 
if  we  attentively  consider  the  act  of  walking^  we  shall  find  that  there  is 
scarcely  a  muscle  of  the  trunk  or  extremities  which  is  not  actively  con- 
cerned in  it ;  some  being  engaged  in  performing  the  necessary  movements, 
and  others  in  maintaining  the  equilibrium  of  the  body  which  is  distiurbed 
by  them.  On  the  other  hand,  in  the  Horse  or  Camel,  the  muscular  move- 
ments are  individually  numerous,  but  they  do  not  require  nearly  the  same 

*See  "Princ.  of  Comp.  Fhys./  §  685.— Fuller  information  upon  this  point  will  be 
foand  in  M.  Serres'  "Anat.  Comp.  du  Cerveau,"  and  M.  Learet's  "Anat.  Comp.  du 
Systdme  Nerveux." — For  a  general  discussion  of  the  evidence  aflforded  by  Comparative 
Anatomy  in  regard  to  the  functions  of  the  Cerebellum,  see  the  **  Brit,  and  For.  Med. 
&eT./'  vol.  xxii.  pp.  535-541. 
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perfect  co-ordination.  And  in  the  Bird,  the  number  of  mujscleB  employed 
in  tli^  niovenienta  of  nighty  and  in  directing  the  course  of  these,  m  really 
t*omparativeIy  small ;  as  maj  at  once  be  perceived^  by  comparing'  tlie 
rigidity  of  the  skeleton  of  the  trunk  of  the  Bird  with  that  of  ]^Ian^  and  by 
remembering  the  ahnost  complete  inactivity  of  the  lower  extremities 
during  the  active  condition  of  the  upper.  In  lact,  the  motions  of  the  wings 
are  bo  fiimple  and  regiilarT  aa  to  suggest  the  idoa,  tliat^  ;ifl  in  Insects,  their 
character  h  more  rellex  than  voluntary:— an  idea  which  is  snpp>orted  by 
the  length  of  time  during  which  they  can  be  kept-np  without  appitrent 
fatigue,  and  aba  by  the  important  facts  already  mentioued  (|  5 1 2) ^  which 
ex{}erimental  research  lias  discloBed. 

636.  We  have  next  to  inquire  what  evidence  cam  be  drawn  from  Expe- 
rinietLtal  mrestigationa  on  the  some  subject :  and  m  reference  to  thm 
it  is  dej^iraljle  to  remark,  in  the  first  place,  that  the  experimental  mode 
of  intpiiry  is  perlmpa  more  apphciible  to  this  orgim  than  to  other  parts  of 
the  EncephaJon ;  inasmuch  as  it  can  be  altc>gether  removed  with  little 
disturbance  of  the  actions  immediately  essential  to  life,  the  animals  soon 
recovering  from  the  shock  of  the  oj>eration^  and  seeming  but  little  afiFected 
except  in  some  efiaUy -recognized  ^larticnlars.  The  principal  experim enters 
upon  this  subject  have  been  Rolando,  Flour  ens,  Magendie^  Hcrtwjg, 
Lo nget,  Schiff,  Brown- S^quard,  and  Wagner,  It  is  not  to  be  CXfiected, 
that  there  should  he  an  exact  conibnnity  among  the  resalta  obtained  by 
alL  Every  one  who  has  been  engaged  in  physiological  experimenta  ia 
aware  of  the  amomit  of  difference  caused  by  very  minute  variations  in 
their  circiim  stain  res ;  in  no  department  of  inquiry  is  this  more  the  case^ 
than  in  regard  to  the  Nervous  System ;  and  auch  differences  are  yet  more 
likely  to  occur  in  exj)eriments  made  upon  its  centres,  than  in  those  which 
concern  its  tnuikst,^ — -The  investigations  of  Ploiurene*  ieem  the  most  clear 
and  decisive  in  their  results ;  and  of  these  we  shatl  accordingly  take  a 
general  survey.  He  found  that,  when  the  Cerebellum  was  mechamciiliy 
injured^  the  animals  gave  no  signs  of  sensibility,  nor  wexe  they  affected 
with  convulaions.  When  the  Cerebellum  was  being  removed  by  suc- 
eessive  sUces,  the  animals  became  restlesSj  and  their  movements  were 
irregular ;  and  by  tJie  time  that  the  last  portion  of  the  organ  was  cnt^ 
away,  the  animals  had  entirely  lost  the  power  of  springing,  Hying,  waJking, 
standing,  and  preserving  their  equilibrium,^ — in  &liort,  of  periorming  iitiy 
combined  muscular  movements,  which  are  not  of  a  simply-reflex  cliarncter« 
When  an  animal  in  this  state  was  hiid  upon  the  back,  it  cotdtl  not  recover 
itfi  former  posture ;  hut  it  lluttered  its  wings  and  did  not  lie  in  a  state  of 
stupor,  \\iien  placed  in  the  erect  position,  it  staggered  and  fell  like  a 
drunken  man, — not,  however,  without  jnaking  efforts  to  maintain  its 
baknce.  When  threatened  with  a  blow,  it  evidently  saw  it,  and  endca* 
voured  to  avoid  it.  It  did  not  seem  that  the  animal  had  in  atiy  degree 
lost  voluntary  fM>wcr  o\  er  its  severaJ  muscles ;  nor  did  sensition  apjiciir 
to  be  impaired.  The  faculty  of  combiuinff  the  actions  of  the  nmsclefl  iti 
groups,  however,  was  completely  destroyed ;  except  so  far  as  those  actions 
(like  that  of  Kespiration)  were  dependent  only  upon  the  reflex  lunction  of 
the  Spinal  Cord.  The  experiments  afforded  tlie  same  result®,  when  made 
uj.icm  each  class  of  Vertebratetl  animals;  imd  they  have  been  since  repeated, 
with  nearly  corre.'^ponchng  effects,  by  Bouillaud,  llertwig,  and  by  njany 

*  "  Eeeherehw  Explrim.  Bur  \m  tro^iiH6^  et  les  Foactlont  da  Sjttdiae  NaiYcu^," 
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Other  experimenters.*  Wagner  found  that  the  chief  symptoms  produced 
in  Pigeons  from  which  he  had  removed  the  whole  or  the  greater  part  of 
the  Cerebellum  were — 1.  A  remarkable  tendency  on  the  part  of  the  animal 
to  throw  itself  on  one  side,  and  to  keep  the  legs  completely  extended,  with 
an  indisposition  to  move  them,  though  it  was  still  evidently  capable  of  flexing 
them  by  an  effort  of  the  will.  2.  Torsion  of  the  head  on  the  neck.  3.  Per- 
sistent trembling  of  the  muscles  of  the  body  generally,  resembling /jara/y^is 
agitans.  4.  Vomiting,  frequently  accompanied  by  liquid  alvine  evacua- 
tions ;  and  5.  The  animals  became  thinner,  the  feathers  fell  off,  and  the 
temperature  was  much  depressed.  No  symptoms  were  observed  having 
reference  to  the  generative  organs.  The  perception  of  sensations  and  the 
performance  of  psychical  operations  appeared  to  be  perfect ;  and  though 
the  voluntary  control  over  the  muscles  was  somewhat  impaired,  it  was 
manifestly  not  altogether  lost.  Hertwig,  and  especially  Dalton,'!'  have 
moreover  shown  that  in  pigeons  a  very  considerable  portion  (two-thirds)  of 
the  Cerebellum  may  be  removed  with  so  little  disturbance  of  the  voluntary 
movements,  that  after  a  few  days  the  effects  were  scarcely,  if  at  aU,  per- 
ceptible. Lussana  observes  that  the  results  of  irritation  of  the  Cerebellum 
are  usually  vomiting,  cephalalgia,  convtdsions  and  affections  of  the  pupil, 
strabismus,  amblyopia,  &c. ;  and  he  believes  that  in  every  case  of  extensive 
disease  of  the  Cerebellum  there  are  concurrent  symptoms  of  disorder  of 
the  muscular  movements,  indicative  of  defect  or  absence  of  the  "  muscular 
sense." 

637.  It  was  further  affirmed  by  Magendie,  that  the  removal  of  the 
Cerebellum,  or  the  infliction  of  a  deep  woimd  in  its  substance  on  both 
sides,  occasions  the  animal  to  move  backwards  as  if  by  an  irresistible 
impulse ;  and  this  he  attributed  to  the  retrograde  power  of  the  Corpora 
Striata,  which  now  acts  without  its  due  balance.  That  such  a  movement 
does  sometimes  present  itself  afler  such  injuries  as  have  been  described, 
cannot  be  questioned,  the  fact  having  been  confirmed  by  other  experi- 
menters ;  but  it  is  a  phenomenon  of  such  rarity,  that  it  cannot  be  rightly 
considered  as  having  any  direct  dependence  upon  the  injury  of  the  Cere- 
bellum, but  must  be  rather  set-down  to  some  accidental  complication  or 
concurrent  disturbance;  more  especially  since,  as  already  pointed-out 
(§  533),  the  fimction  attributed  by  Magendie  to  the  Corpora  Striata  has 
no  real  existence. — But  the  results  of  section  of  one  of  the  Crura  Cere^ 
belli,  which  were  first  obtained  by  Magendie,  are  much  more  constant ; 
for  the  performance  of  this  operation  causes  the  animal  to  fall-over  upon 
one  side,  and  to  continue  rolling  upon  its  longitudinal  axis,  even  as  fast 
(in  some  instances)  as  sixty  times  in  a  minute,  the  movement  going-on 
for  many  days  without  intermission.  There  is  a  remarkable  difference  in 
the  statements  of  different  experimenters,  however,  as  regards  the  direction 
of  this  rolling  movement ;  for  whilst  Magendie  and  Miiller  affirm  that  it 
takes-place  towards  the  injured  side,  Longet  and  Lafargue  assert  that  it 
takes-place /rom  the  injured  side  towards  the  opposite  side.  This  dis- 
crepancy appears,  from  the  experiments  of  Schiff,  J  to  be  due  to  a  difference 
in  the  locality  of  the  section ;  for  he  states  that  if  the  peduncle  be  divided 

•  See  Wagner,  in  Brown-SSqnard's  "Journal  de la  Physiol."  1861,  pp.  255  and  404; 
Lnssana  in  idem,  1862,  p.  418, 1863,  p.  170;  MM.  Leven  and  Ollivier,  "Archiv.  G6n. 
de  Mid.,"  Not.  and  Dec.  1862 ;  Dalton,  "  American  Jonmal  of  Med.  Science,"  1861, 
voL  xli.  p.  83;  Brown-S6quard,  "Central  Nervous  System,"  1860. 

i*  "  American  Joum.  of  Med.  Sciences,"  1861,  vol.  xli.  p.  83. 

i  *'  De  fi  motoriAbaaeos  encephali  inqaisitiones  experimentales;"  Bockenhemii,  1845. 
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from  behtndf  tlie  animal  tume  towarth  the  side  on  winch  the  i 
made;  whilst  if  the  section  be  nmde  infront^  the  aiiimal  tumsj'rom 
side  towards  the  opposite  one.     Thia  difference  la  explained  bj  Longet^ 
by  the  difference  in  the  course  of  the  anterior  and  posterior  iibrea  of  the 
petiuncJes :  for  according  to  Mm,  the  fonner  communiciite  with  the  decus- 
eating,  and  the  latter  with  the  non-decuisating  portion  of  the  motor  tmct| 
iO  that,  when  the  former  are  injured,  the  animal  loses  control  over  thg 
muscles  of  the  opposite  aide,  and  when  the  latter,  over  the  mitscles  of  tiie* 
same  side.    This  roUiiig  movement  is  attributed  by  some  to  tlie  continued 
activity  of  the  mitscleti  on  one  side,  now  imbalanced  bj  that  of  tlie  luuscle-s 
on  the  other ;  but  ii*  mich  were  the  case,  aa  Longet  justly  reiiiarks,  it 
ought  to  occiu  more  frequently  than  it  doea  in  cases  of  ordinary  hemi- 
plegia ^  and,  according  to  that  ex[>eTimenteT,  observation  shows  that  it 
rather  depends  on  a  timsfifig  movement  of  the  spinal  column,  especially 
affecting  its  anterior  portion,  and  dragging  tlie  posterior  (as  it  were)  after 
it.*     Thus  M.   Brown -8^quard^f  who  has  shown  that  similar  rolling 
movements  may  be  produced  by  ledons  of  other  parts  of  the  nervous"! 
centres,  as  the  Spinal  Cord,  Medulla  Oblongata,  and  PonSj  observes  that 
tlie  movements  do  not  resemble  those  effected  by  voluntary  muscles ;  bat  j 
tlmt,  in  consequence  of  the  tonic  contraction  into  which  some  niugclea  an 
tlirovni^  the  trunk  and  neck  of  the  animal  are  twisted,  as  far  ae  the  botiesl 
will  permit^  into  the  form  of  a  corkscrew.     He  attributed  the  phenom€3ia  I 
in  question,  which  the  animal  evidently  endeavours  to  check,  to  the  irri* 
tation  of  a  peculiar  set  of  nerve-fibres  not  usually  employed  by  the  will, 
the  division  of  which  does  not  cause  jjaralysis^  tliough  they  may  serve  an 
the  conductors  of  powerM  motor  impulaea  to  special  groups  of  muscles, 
MAI.  Leven  and  OUtvier,  operating  on  guinea-pigs,  found  that  pricking 
the  Cerebellum  produced  well-marked  movements  of  rofeition^  usuaJly^pro- 
ceeding  from  the  side  injiu*ed  towards  the  opposite  side.     They  did  not 
observ'e  any  disorders  of  the  alimentary  canal  similar  to  those  noticed  by  I 
Wagner  and  others,  after  ablation  of  portions  of  the  Cerebellum* 

538.  The  information  supplied  by  Pathological  phenomena^  when  in-l 
terpreted  with  the  cautions  formerly  referred-to,  is  found  on  the  wliolo  to  \ 
coincide  with  that  obtained  from  experiment.     In  tlie  first  place,  it  fully 
supports  the  conclusion  J  that  the  Cerebellum  is  not  in  any  way  tlie  instru- 
ment of psf/<:hical  operations.     Inflammation  of  the  membranes  covering 
it,  if  confined  to  that  part,  does  not  produce  deliriun* ;  and  its  almoeft 
complete  destruction  by  gradual  sofi:ening  does  not  appear  necessarily  to 
involve  loss  of  intellectiial  power.     "  But,"  remarks  Andral,  **  whilst  the 
ehangee  of  intelligence  were  variable,  inconstant,  and  of  little  importancep 
the  lesions  of  motion,  on  the  contrary,  were  observed  in  all  the  caaes  [of 
soflening]  except  one ;  and  in  this  it  is  not  quite  certain  tliat  motion  wis 
tjot  interJered  with/^     Yet  tlie  rosidt  of  Andnd*s  analysis  of  as  many  ! 
niuety- three  cases  of  disease  of  the  Cerebellum^  is  not  favourable  to  tTi#l 
doctrine  to  which  the  results  of  experiments  seem  to  point :  but,  as  it  h^ 
Ijeca  jnstly  remarked  by  Longet^  the  elfectfi  of  disease  are  only  partlyl 
compinihlo  to  tliose  of  experiment  j  since  in  a  large  proporfeion  of  chronic^ 
disorders,  the  changes  consist  in  the  formation  of  a  new  prod  net,  such  as 
a  tubercular  or  cancerous  deposit,  or  a  cyst  of  some  kind,  tlie  gradual^ 

'  See  his  *'Trait«  tU  Fliyiiologle;*  torn,  il  p,  108*  1800, 

f  ''Ctftitnil  Ncrvons  Byetem,"  XtttiO,  p,  193. 

4^  See  iui  **  Gi'm\(iufi  M^dtcAlc,^'  2emo  edit.  lorn.  y.  p.  T^G. 
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development  of  'which  is  quite  consistent  with  the  continued  functional 
activity  of  the  organ,  as  we  see  by  parallel  phenomena  elsewhere ;  whilst 
in  those  instances  in  which  haemorrhage  occiu^  this  usually  occasions 
either  complete  apoplexy  or  local  paralysis,  by  its  effects  upon  other 
organs.  Still,  several  cases  of  chronic  disease  of  the  Cerebellum  have 
been  observed,  in  which  unsteadiness  ofgaity  without  paralysis,  or  only 
giving-place  to  paralysis  at  last  on  the  occurrence  of  haemorrhage,  was  a 
very  marked  symptom;*  and  these  afford  a  strong  confirmation  of  the 
doctrine  based  on  the  experimental  researches  already  referred-to.  In 
a  few  cases  in  which  botli  lobes  of  the  Cerebellum  have  been  seriously 
affected,  the  tendency  to  retrograde  movement  has  been  observed ;  and 
instances  are  aJso  on  record,  of  the  occurrence  of  rotatory  movement, 
which  has  been  foimd  to  be  connected  with  lesion  of  the  Crus  Cerebelli 
on  the  same  side.f  So  far  as  they  can  be  relied-on,  therefore,  the  results 
of  the  tliree  methods  of  investigation  bear  a  very  close  correspondence ; 
and  it  can  scarcely  be  doubted  that  they  afford  us  a  near  approximation 
to  truth. 

539.  It  must  not  be  allowed  to  pass  unnoticed,  that  some  Physiologists 
(as  Foville,  Pinel-Grandchamp,  and  Dug^s)  have  r^arded  the  CerebeUum 
as  the  centre  of  common  Sensation ;  chiefly  on  the  ground  of  its  connection 
with  the  posterior  columns  of  the  Spinal  Cord,  and  of  the  manifestations 
of  pain  which  are  called-forth  by  touching  the  Restiform  columns.  Al- 
though these  facts  may  lead  us  to  admit  that  the  Cerebellum  is  connected 
with  die  sensorial  centres,  and  even  that  it  is  itself  a  seat  of  sensibility, 
yet  it  is  impossible  to  regard  it  as  the  exclusive  seat  of  sensibility,  con- 
sistently with  the  &cts  with  which  experiment  and  pathological  obserya- 
tion  supply  us ;  since  neither  the  removal  of  the  entire  organ  by  operation, 
nor  its  complete  destruction  by  disease, J  have  been  foimd  to  involve  any 
loss  of  the  ordinary  sensorial  powers. — There  would  seem  much  more 
probability  in  the  idea,  that  it  is  the  special  seat  of  the  *  muscular  sense,' 
which  has  so  important  a  share  in  the  giudance  of  the  co-ordinated  move- 
ments (§  524) ;  and  this  notion  derives  confirmation  firom  the  marked 
structural  connection  which  exists  between  the  Cerebellimi  and  the  Optic 
Ganglia  (corpora  quadrigemina),  the  purpose  of  which  may  be  not  unfairly 
surmised  to  be,  to  commimicate  the  guidance  of  the  visual  sense  to  the 
organ  by  which  the  co-ordination  of  motions  is  effected,  in  the  same 
manner  as  the  impressions  appertaining  to  the  *  muscular  sense'  are  trans- 
mitted upwards  by  the  Kestiform  columns. §   The  chief  objection  to  such 

•  Two  snch  cases  are  recorded  by  Mr.  Dunn  in  the  **  Med.-Chir.  Trans.,"  voL  xxxii., 
and  another  by  Dr.  Cowan  in  the  '*  FroT.  Med.  and  Surg.  Joam.,"  April  16,  1845;  and 
the  Author  has  been  made  acquainted  with  several  others,  by  gentlemen  under  whose 
cognizance  they  have  fallen. 

t  A  collection  of  such  cases  has  been  made  by  Dr.  Paget,  in  his  paper  on  '  Morbid 
Rhythmical  Moyements,'  in  the  ''Ediub.  Med.  and  Surg.  Journal/'  1847,  vol.  IxviL — A 
case  once  fell  within  the  Author's  knowledge,  in  which  a  state  of  this  kind,  that  lasted 
for  some  hours,  appeared  to  depend  upon  an  attack  of  Indigestion ;  the  symptoms  being 
completely  relieved  by  vomiting,  and  no  further  indication  of  Encephalic  disorder  mani- 
festing itself. 

t  See  the  well-known  case  recorded  by  Combetti,  in  the  '*  Bevue  M6dicale/'  torn.  ii. 
p.  67. 

§  This  view,  suggested  many  years  since  by  the  Author,  has  been  recently  supported 
in  the  able  papers  by  M.  Ph.  Lussana  in  the  "Journal  de  la  Physiologie,"  tom.  v.  1862, 
p.  484,  and  tom.  vi.  p.  169;  and  also  by  Mr.  Robert  Dunn,  in  his  '*  Essay  on  Physio- 
logical Psychology"  (London,  1858),  who  also  places  the  centre  of  the  muscular  sense  in 
the  corpus  rhomboidale  of  the  Cerebellum. 
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H  Tiew,  would  geem  to  lie  in  the  strong  similarity  >ietween  tlie  *  muscufS 
aensc  and  *  common'  pr  *  tactile'  sensation,  whicli  makea  it  difficult  to  c<jn-j^ 
oeive  that  they  should  have  different  seats  in  the  Stn^orttim  commttn^l 
But  tlus  diffictiltj  is  diminialicd  if  not  removed  hj  tlje  reHection,  that  lh« 
Keatiforni  coltimns  appear  to  have  the  same  endowments  as  the  remaiodia 
of  the  Sensory  tract  derived  from  the  posterior  eolutnna  of  tbe  Spina* 
Cord  ;  and  tliat  no  explanation  can  be  given  of  their  extrenie  sensitiveaeaaj 
to  impTcssiona  (as  shown  hy  ejcperiment),  imlesa  it  be  ndmitteci  that 
organ  in  which  they  t-eraiinate  is  itself  a  centre  of  a  ibrm  of  setis^tic 
closely  allied  to  that  of  the  commoD  or  tactile  kind.  Possibly,  howeveri^ 
the  trno  termination  of  these  fibres  is  in  the  *  cor|.nia  dentatuin*  of  tbii 
Crura  Cerebolli  ;  and  tiie  Cerebellum  may  re-act  upon  imjiresaiona  theooe 
transmitted  to  it,  witliout  being  it^lf  the  instrument  of  communicating 
such  impressions  to  the  consciouanefls.* 

640,  We  have  now  to  examine,  however^  another  doctrine  regarding 
the  functions  of  the  Cerebellum,  which  was  first  propounded  hy  Gall^  atidj 
which  is  supported  by  the  Plirenological  school  of  physiologists.  Thij 
doctrine,  that  the  Cerebellum  is  the  organ  of  the  sexual  instinct,  is  not 
altogether  compatible  with  the  other  j  and  by  some  it  has  been  held 
combination  with  it.  The  greater  number  of  Phrenologists,  however 
regard  this  instinct  as  the  eT€litAiif6  ftmction  of  the  Cerebellum ;  «iid 
assert  that  they  can  judge  of  its  intensitrv^  hy  the  degree  of  developnienl 
of  the  organ.  We  shall  now  examine  the  evidence  in  support  of  ih' 
position^  afforded  by  the  three  methods  of  inquiry  which  liave 
already  indicated. — In  the  first  place  it  may  be  remarked,  that  the  sexi 
propensity  is  very  closely  connected  with  various  Emotional  states 
mind,  to  which  '  organs  *  are  assigned  by  Phrenologists,  and  of  wliic 

*  M.  Brown -Sflqaard  ("Joitrn.  de  la  Phjaiol./'  toI,  I   1S68,  p.  5S5)  fwtl  YTa^ei*! 
(Op.  cit.)  fa  are  arnr^l  at  almoet  purely  DegatiTe  results  in  r^g^ril  to  the  function  of  ih^ 
GerelwllaiD.     Tfae  fornifsr  experim^uier  bolda  tjiut  ikia,  orgiLo  ib  uot  &  nen'Oiu  oeDtrefoi 
sen^lliTe  iiupreBsious  nor  for  caoBcloijEDesa,  nor  is  it  even  &  part  tbrougli  which  the  cckOi 
ductors  of  motioa  or  of  sensatioix  posa  ;  for  hebQlifiv^es  that  no  ide^  emotion,  or  Tolutit&t^ 
not  m  sappresfied  is  a  consequeuoe  of  leaiou  of  its  sttuoture.     Hence  he  ruAintAina,  thfti| 
it  IB  not  ft  c^ntrti  for  the  faculty  of  bulanelng  or  co-ordiiuitioti  of  the  sjmmetriuait  moviH 
tueiits  of  the  body,  aud  that  wheu  p^raljBis  is  obEerred  ofWr  leaiou  of  ita  structure:,  it  Is 
pcetvioTied  (when  the  pamlyjiia  Li  on  the  opposite  side  of  the  bodj)  by  doncnrrent  lesion* 
of  other  pftTta,  as  the  Fonj  Varolii,  tbe  Metlulla  ObloogatJtf  or  tho  Corubml  pedimd^ 
wbllsti  when  the  pankljais  m  on  the  Kime  aide*  it  is  utit<tUi^  due  to  (rritaiion  of  e«rt&ti 
pBTts  of  the  Cerebellum  reacting  on  other  pnrtB  of  the  Enceplmlan,  though  even  from  thu 
£*it»  the  pamljaia  may  Rometimefl  occur  on  the  opposite  aide.    Though  h^  duca  not  ndmii 
it  to  be  A  ceutre  for  auditory  or  tibuaI  impreBaiona,  he  nckaowledgeju  tb^t  it  ha^  aspceiA 
influence  on  riaion,  hiiTing  ooHected  00  caBes  of  amapuroaiB  accompanying  di^eoa^  ui  iU 
atructure^      He  baa,  in  a  more  recent  paper  (^^fonri),  de  In  Fhyii.«"  1362,  torn.  tJ 
p,  4S6)r  attributed  the  vnrioua  efleota  of  Ceret^ellar  le-slon,  as  amaurosis,  Totulting 
oephalalgia,  diJatotion  of  the  pnpil,  j^nero!  or  XofAl  couvulatve  movements,  epile|}«yJ 
liemiplegio,  general  debility  and  disordered  moirementa,  contraction  of  fiarlicutar  mnacle^ 
iirabiBiuus,  hypersBstheAia,  noises  in  tbii  ^ro,  and  exaggeration  of  the  sexual  deair«|  U 
iVrtValios  of  the  Gerebellnm,  and  not  to  toM  &/  function.     He  eomparee  theae  effeol«^ 
with  thijse  pnscjuced  by  wanna  in  the  intestines.     Wagner  believes  tbal  this  orgSJO  may 
become  the  pi^int  dc  rft^Jar/  of  a  direct  {not  reflei)  imution  for  certain  orgoulct  iiiuaclc% 
na  fur  thoee  of  the  abdomitial  viscera,  genemtlTo  organs,  and  also,  probably,  for  th  ~ 
heart     Schiff,  at  the  aoncluaion  of  his  sectloa  on  tie  CisreVeUum,  st^itea  simply  th 
*'  the  functions  nf  this  organ  are  atil]  unkaovrn  f*  vbilat  Lusaano,  J  a  the  eesay  alrdi^ 
quoted,  fioibbes  by  observing  that  the  masctdar  ien^e  and  the  frc^tic  $tnM  ore  th«  %m 
ewentlol  fnnotlons  t^  the  Oei^hellam. 
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the  Cerebellum  is  universally  admitted  to  be  the  seat ;  such  for  instance 
as  *  love  of  ofispring/  *  adhesiveness,'  and  (in  the  lower  animals  more  par- 
ticularly) '  combativeness ;'  whilst  in  Man  it  has  a  continual  operation 
upon  the  reasoning  faculties  and  the  Will.  Yet  the  anatomical  connec- 
tions of  the  Cerebellum  are  peculiarly  unfevourable  to  any  such  influence; 
these  being,  as  we  have  seen,  rather  with  the  lower  than  with  the  higher 
portion  of  the  Cerebro-spinal  axis. — Again,  the  results  of  fair  observation 
as  to  the  comparative  size  of  the  Cerebelliun  in  different  animals,  can 
scarcely  be  regarded  as  otherwise  than  very  unfavoiu'able  to  the  doctrine 
in  question.* — It  is  asserted,  however,  that  the  results  of  observation  in 
Man  lead  to  a  positive  conclusion,  that  the  size  of  the  Cerebellum  is  a 
measure  of  the  intensity  of  the  sexual  instinct  in  the  individual.  This 
assertion  has  been  met  by  the  coimter-statement  of  others,  that  no  such 
relation  exists.  It  is  imfortunate  that  here,  as  in  many  other  instances, 
each  party  has  registered  the  observations  favourable  to  its  own  views, 
rather  than  those  of  an  opposite  character ;  so  that  until  some  additional 
evidence  of  a  less  partial  nature  shall  have  been  collected,  we  must  con- 
sider the  question  as  sub  judice.  It  may  be  safely  affirmed,  however,  that 
no  evidence  upon  the  affirmative  side  of  this  proposition  has  yet  been 
adduced,  which  can  be  in  the  least  degree  satisfactory  to  the  mind  of  any 
Anatomist  who  is  competent  to  judge  of  its  value.  For  nearly  all  the 
observations  which  have  been  paraded  by  Phrenologists  in  support  of 
GalFs  doctrine,  have  been  based,  not  upon  the  actual  determination  of  the 
size  or  weight  of  the  Cerebellum  in  different  individuals,  but  upon  an 
estimate  of  its  proportional  development  from  the  external  conformation 
of  the  skull.  Now  any  one  who  has  even  cursorily  examined  those  prin- 
cipal types  of  cranial  conformation  which  are  characteristic  of  some  of 
the  chief  subdivisions  of  the  Human  species,  must  perceive  that  there  is 
a  no  less  characteristic  difference  between  these  different  types  in  the 
occipital,  than  there  is  in  the  frontal  region.  For  whilst  the  occipital 
projection  is  much  greater  in  the  *  prognathous'  skull  than  it  is  in  the 
*  elliptical,'  it  is  as  much  less  in  tie  *  pyramidal ;'  and  thus  while  the 
first  would  be  considered,  according  to  phrenological  rules,  to  hold  a 
much  larger  Cerebellum,  this  organ  in  the  latter  would  be  regarded  as 
necessarily  very  small.  Now  there  is  not  only  as  much  evidence  of  a 
strong  development  of  the  sexual  propensity,  in  the  characters  and  habits 
of  the  pyramidal-skulled  Asiatics,  as  there  is  in  regard  to  the  elliptical- 
skulled  Europeans,  or  the  prognathous  Negroes ;  but  there  is  also  anato- 
mical evidence  to  show  that  the  size  of  the  Cerebellum  in  the  different 
races  bears  no  relation  whatever  to  the  degree  of  projection  of  the  occiput; 
for  the  plane  of  this  organ  being  somewhat  oblique  in  the  elliptical  dcull, 
is  horizontal  in  the  prognathous,  and  nearly  vertical  in  the  pyramidal, 
while  the  size  and  anatomical  relations  of  the  organ  are  not  in  the  least 
degree  affected  by  this  difference  in  its  position. f — Hence  it  may  be  ^ 
safely  affirmed,  that  no  evidence  with  regard  to  the  relation  asserted  to ' 
exist  between  the  size  of  the  Cerebellum  and  the  intensity  of  the  sexual 
propensity,  has  any  value,  save  that  which  is  drawn  from  the  positive 
determination  of  the  former  by  measure  or  weight. 

•  See  "  Brit,  and  For.  Medical  Rcriew,"  voL  xxii.  pp.  635-541. 
+  The  Aathor's  statements  on  this  point  are  based  on  the  Tery  decided  assertions  of  his 
late  friend  Prof.  Retzius  of  Stockholm,  who  paid  special  attention  to  this  inquiry. 


570 


FtmCTlONS  OF  THE  C£REBItO-SPmAL  HEHVOUS  ST8TEM* 


541.  Among  the  arguments  adduced  by  GaJJ  and  hb  followers  in  proof 
of  the  connection  between  tlie  Cercbelluni  and  the  sexual  insdnctj  is  one 
which  would  deserve  great  attention,  if  the  facts  atated  could  be  relied -on. 
It  has  been  afiserted^  over  and  over  again,  that  tlio  Cerelielluin,  in  animaia 
which  have  been  castrated  when  young,  is  much  smaller  than  in  thoae 
which  have  retained  their  virility,— being,  in  fact,  atrophied  irora  want 
of  power  to  act.     Now  it  is  unfortunate  tiiat  vague  assertion,  ihimded  on 
estiniatea  formed  by  the  eye  from  tlie  cranium  alone,  is  all  on  which  tills 
position  rests  ;  and  it  will  be  presently  aliown  how  very  Uabie  to  error 
Huch  an  estimate  must  be.     The  following  is  the  result  of  a  series  of 
observations  on  thia  stibject,  suggested  hy  M.  Leuret,f  and  carried  into 
effect  by  M.  Laasaigne: — The  weight  of  ttie  Cerebellum,  botli  absolutely 
and  as  compared  witli  that  of  the  Cerebrum^  was  adopted  as  the  staufiard 
of  camparison*    This  was  ascertained  in  ten  Stallion  a,  of  the  ages  of  lirom 
nine  to  seventeen  years;  in  twelve  IMareSj  aged  ^m  seven  to  aixtecu 
years;  and  in  twenty-one  Geldings,  aged  from  seven  to  seventeen  years* 
The  average  weight  of  the  Cerebrum  in  the  Stalliom  was  433  grammes ; 
the  greatest  being  485  gr.,  and  the  le-ast  (which  was  In  a  hoi^e  ten 
years  old)  being  350  gr.     The  average  weight  of  the  Cerebellum 
61  gr.;  the  greatest  being  C5  gr,,  and  the  least  50  gr*     The  average 
portion  borne  by  the  weight  of  the  Cerebellum  to  that  of  tlie  Cerifbi 
was,  therefore  J  1  to  7 '07  ;  the  highest  (residting  from  a  very  small 
brum)  being  1  to  G"25 ;  and  the  lowest  (resnlting  from  an  vmusuulJj 
Cerehruni)  being  1  to  74(],     Thronghout  it  might  be  observed,  tliat 
variation  in  t!te  BiZQ  of  the  Cerebellum  was  much  less  tlian  in  tliat  of  tiie 
Cerebriun.— In  the  twelve  Mares^  tiie  average  weight  of  the  (jerebruin 
was  402  gr, ;  the  highest  being  432  gr,,  and  the  lowest  363  gr.     That  of 
tlie  Cerebellum  was  61  gr. ;  the  highest  being  OtJ  gr,  {which  was  in  the 
individual  with   the  smallest  Cerebrum)^  and  the  lowest  5H  gr.     The 
average  profjortion  of  the  weight  of  the  Cerebellum  to  that  of  tlie  Cere- 
brum was  1  to  6^59 ;  the  highest  being  1  to  5 '00,  and  tlie  lowest  1  to  7^ 
The  proportion  was,  therefore,  considerably  higher  in  the  perfect  fetnule, 
than  in  the  jierfect  male, — In  the  twenty -one  OMiiigs^  the  average  weight 
of  the  Cerebrum  was  419  gr. ;    the  highest  being  5GG  gr.,  and  the  lowestL^H 
34(i  gr.     The  average  of  tlie  Cerebellum  was  70  gr. ;  ihc  highest  being^^^| 
7f>  gr.,  and  the  lowest  64  gr.  The  average  proportion  was,  therefore,  1  to 
5^07;  the  highest  being  1  to  5*16,  and  the  lowest  1  to  7 '44.  It  is  curii->u» 
that  this  last  was  in  the  individual  which  had  the  largest  CerelioUniu  of 
tlie  whole;  hut  the  proportional  weight  of  the  Cerebrum  wiis  still  gi'calar. 
— Bringing  together  tlie  results  of  these  observations,  they  are  (on ad  to 
be  quite  opposed  to  the  statement  of  Gall.    The  weight  of  the  Cereliriim, 
re4!koning  the  Cerebellum  oa  1,  is  thus  expressed  in  each  of  the  Ibregoiog 
descriptions  of  animals : — 

4e>^mM,  iliffl«f|.  Zdr««l. 

T-of      -      Tie      »      eas 


St«lHoaa  «    ,     .     « 

Marea. e^SD        ,        7^00        .        fi'Ot 

OeldingB 5-97         ,         7*44        .         b*U 

The  average  propoHmml  size  of  the  Cerebellum  in  Geldings,  therefore^ 

is  so  far  Irom  being  ks^  than  that  whidi  it  bears  in  entire  Horses  and 

Mares,  t!ut  it  is  positively  greater;  and  tins  dejienda  not  only  on  diminu- 

*  ''  Auat*  G^mp.  du  Sjst^me  Norvetut/^  toza.  L  p.  427* 
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tion  in  the  relative  size  of  the  Gerebrom,  but  on  its  own  larger  dimension, 
as  the  following  comparison  of  absolute  weights  will  show : — 

Average.  Highui,  Lomett, 

StalUona 61  .  66  .          56 

Mares 61  .  66  .         58 

Geldings 70  .  76  .          64 

The  difEerence  is  so  remarkable,  and  appears,  from  examination  of  the 
individual  results,  to  be  so  constant,  that  it  cannot  be  attributed  to  any 
accidental  circumstance  arising  out  of  the  small  number  of  animals  thus 
examined.  The  average  weight  of  the  Cerebellum  in  the  ten  Stallions 
and  twelve  Mares  is  seen  to  be  the  same,  and  the  extremes  difEer  but 
little  in  the  two ;  whilst  the  average  in  the  Geldings  is  more  than  one- 
seventh  higher,  and  the  lowest  is  considerably  above  the  average  of  the 
preceding,  while  the  highest  far  exceeds  the  highest  among  the  entire 
Horses.  It  is  curious  that  Gall  would  have  been  much  nearer  the  truth, 
if  he  had  said  that  the  dimensions  of  the  Cerebrum  are  usually  reduced 
by  castration ;  for  it  appears  from  the  following  Table  that  such  is  really 
the  case: — 

Average,  Cheedeei,                Leati, 

Stallions 483  .  485  .         S50 

Maies 402  .  482                  886 

Geldings 419  .  566  .         8i6 

The  weight  of  the  largest  Cerebrum  of  the  Gelding  is  &r  above  the  highest 
of  the  Stallions ;  but  it  seems  to  have  been  an  extraordinary  case,  as  in 
no  other  was  the  weight  above  490  gr.  If  this  one  be  excluded,  the 
average  will  be  reduced  still  further,  being  then  about  412 ;  this  may  be 
seen,  by  looking  over  the  whole  table,  to  give  a  very  fair  idea  of  the  usual 
weight  in  these  animals,  which  is  therefore  less,  by  about  one-twentieth, 
than  the  average  in  the  Stallions. — The  increased  size  of  the  Cerebellum 
in  Geldings  may  perhaps  be  accounted-for,  by  remembering  that  this  class 
of  horses  is  solely  employed  for  its  muscular  power,  and  that  the  constant 
exercise  of  the  organ  is  not  imlikely  to  develope  its  size;  whilst  Stallions, 
being  kepit  especially  for  the  purpose  of  propagation,  are  much  less 
applied  to  occupations  which  call-forth  their  motor  activity. 

542.  It  is  asserted,  however,  by  the  followers  of  GraU,  that  very  strong 
evidence  of  the  truth  of  his  doctrine  is  a£Eorded  by  Pathological  pheno- 
mena :  excitement  of  the  genital  organs,  manifesting  itself  in  priapism, 
turgescence  of  the  testes,  and  seminal  emissions,  being  an  ordinary  con- 
comitant of  some  forms  of  apoplexy  in  which  the  Cerebellum  is  affected ; 
whilst  in  other  cases  of  disease  or  injury  involving  extensive  destruction 
of  the  substance  of  the  organ,  there  has  been  a  complete  abatement  of 
sexual  desire.  The  proportion  of  recorded  cases  of  disease  of  the  Cere- 
bellum, however,  in  which  any  affection  of  the  genital  organs  has  been 
noticed,  is  extremely  small;  for  out  of  178  cases  which  have  been  col- 
lected by  Burdach,*  only  10,  or  scarcely  more  than  1  in  18,  presented 
any  symptoms  that  tended  to  indicate  a  lunctional  relation  between  the 
Cerebellum  and  the  Genital  organs.  The  same  physiologist  affirms  that 
similar  affections  present  themselves  when  the  Cerebrum  is  the  seat  of 
the  lesion ;    and  there  seems  a  strong  probability  that  it  is  solely  to  the 

*  "Yon  Bane  and  Leben  des  Geliims'*  (Leipzig,  1819-26),  band  iii. 
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connection  of  these  organs  with  tlie  Spinal  Cordi  that  such  affections  of 
the  genital  apparatus  are  due.  For  erection  of  the  penis  has  been  noticed 
in  a  far  larger  proportion  of  Gases  in  wliich  the  Spinal  Cord  iteelf  has  been 
the  aent  of  the  lesion  ;  thus  in  15  cases  in  which  die  cervical  portion  of 
the  Cord  was  affected,  erection  of  the  penis  was  observed  in  8 ;  and  in  13 
caaea  of  lesion  of  tlie  dorso-Iumbar  portion  of  the  Cord^  erection  of  tlie 
penis  took  place  in  3,*  It  is  weU  known  that  erection  of  the  peoig  and 
emisBlo  seminis  are  not  inirequent  phenomena  of  death  by  hanging ;  and 
this  iact  accords  fiiUy  bs  well  with  the  idea  that  the  affection  of  the  se3:ual 
organs  is  consequent  upon  lealon  of  the  Cranio-Bpinal  axis,  as  with  the 
doctrine  that  it  m  due  to  disordered  function  of  the  Cerebellum. — ]t  has 
been  Buggeated  bj  Serres^f  who  collected  seven  cases  in  which  exciteroetit 
of  the  genital  organs  was  coincident  with  apoplexy  of  the  median  lobe  of 
the  Cerebellumj  that  whilst  the  lateral  lobes  or  hemispherea  may  be  coc- 
nected  with  the  locomotive  function,  the  median  lobe  may  be  the  organ  of 
the  gexual  instinct.  Several  case*j  have  been  recorded,  in  which  Bome 
such  relation  appeared  to  be  indicivted;  and  the  Author  has  been  made 
acquainted  with  at  least  six,{  in  which  an  extraordinary  salacity  deve- 
loped itself  at  an  advanced  period  of  life,  whilst,  concurrently  wdth  this,  or 
follow*ing  upon  it,  there  was  that  kind  of  unsteadiness  of  gait  which  may  be 
held  to  indicate  chronic  disease  of  the  Cerebellum,  In  one  of  these  caaes 
of  which  the  history  and  post-mortem  appearances  ])avc  been  carefully 
recorded  by  Mr.  Dunn^^  ^ere  was  strong  evidence  that  the  excitement 
of  the  aexttal  propensity  was  coincident  with  the  irritative  stage  of  inct* 
pient  disuse  in  the  central  lobe  of  the  Cerebellum,  and  that  the  abatement 
of  the  propensity  was  in  like  manner  coincident  with  the  Bubsequent 
destruction  of  its  substance;  whilst  the  advance  of  the  disease  into  the 
lateral  lobes  was  marked  by  impairment  of  the  power  of  co-ordination  of 
movement.  But  with  regard  to  all  auch  cases,  and  others  that  may  be 
ranked  in  the  same  category, |j  the  objection  of  P^trequinU  holds  good, 
that  when  dises^e  or  injury  affects  the  median  lobe  of  tlie  Cerebellum,  the 
MeduUa  Oblongata  is  almost  certain  to  be  implicated  in  it ;  so  that,  as  the 
evidence  alrejidy  referred-to  clearly  indicates  the  existence  of  a  special 
relation  between  the  genital  organs  and  the  upper  part  of  the  Spin:il  AjxiBf 
no  positive  proof  is  afforded  bj  them  that  any  portion  of  the  Cerebellum 
has  any  JifieciaJ  connection  with  the  generative  function. 

543,  The  Author  is  iar  from  denying  in  toio^  that  any  peculiar  connec- 
tion exists  between  the  Cerebellum  and  the  Genital  system ;  but  if  the 

*  See  tbe  ^'Trait6  dea  Ma]i^«s  tie  la  Moelle  IplaUra'*  of  M.  OUivler  (d'Aagera), 
3ime  MH,,  torn,  lii,  p,  316. 

f  "  Aaatomie  CamparSe  da  Cerreani^*  toccL  iL  pp.  ODl,  717< 

j  Four  iach  «i8ef  came  coder  the  notice  of  hi«  friend,  the  l«te  Dr.  Stmpaoti,  of  York- 

S  "  Medico-CliiTOrgical  TrwDsaotioas,"  vol,  x^L 

]]  TtiaBj  &  caae  has  hetJi  oommunleated  to  tbe  Aailior  hj  Mr.  Turky,  of  WoreevteTi  m 
wbieli  the  tt^xtial  desire,  whleh  had  be^a  ilvaTS  strosi;  tbraugh  Hfe,  bat  which  hsd  h&^n 
coia trolled  within  the  limits  of  de<!«]i6y,  manifesBted  itself,  during  a  perlud  of  Bome  monibti 
preceding  dle^th^  in  il  moat  extnLordiESbry  dc^rfie;  eti  posi-mf^ricm  e]catDintiiicinj  n  tQtnoilf 
was  found  ou  Ibe  Font  YaroUi.- — And  he  has  b^en  informed  of  another  CAse  bj  Dr.  |£vi.f)* 
son  (fonnerlj  of  DubJm),  in  which  a  young  officer  on  tlie  eve  of  tnntfiiigPj  hnring 
receiretl  ft  ixhw  on  the  CKseipot  by  a  f&ll  from  hia  horse,  became  impotent^  with  nut  ajiy 
other  disorder  of  biH  bodily  or  meatftl  pQvtn;  and  in  the  dlstreti  consequent  upo{i  tbit 
discovery,  committed  siticide  on  the  morning  fixtd  fisr  hia  wedding. 

^  '  3ur  quelquea  points  de  la  Fhydoto^e  du  Cerrelei  et  de  k  MotjHe  Epmt^^re/  la 
"Qm.  Medicate;'  1836,  torn.  it.  p.  646. 
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evidence  at  present  adduced  in  support  of  the  Phrenological  position  be 
held  sufficient  to  establish  it,  in  defiance  of  so  many  opposing  considera- 
tions, we  must  bid  adieu  to  all  safe  reasoning  in  Physiology.  The  weight 
of  testimony  appears  to  him  to  be  quite  decided,  in  regard  to  the  connec- 
tion of  the  Cerebellum  with  the  regulation  of  the  motor  function ;  and  as 
an  additional  argument  in  favoxur  of  this  view,  it  may  be  stated,  that  the 
lobes  of  the  Human  Cerebellum  tmdergo  their  most  rapid  development 
during  the  first  few  years  of  life,  when  a  large  niunber  of  complex  volun- 
tary movements  are  being  learned  by  experience,  and  are  being  asso- 
ciated by  means  of  the  muscidar  sensations  accompanying  them ;  whilst 
in  those  animals  which  have,  immediately  after  birth,  the  power  of 
regulating  their  voluntary  movements  for  definite  objects,  with  the 
greatest  precision,  the  Cerebellum  is  more  fully  developed  at  the  time  of 
birth.  In  both  instances  it  is  well  formed  and  in  active  operation  (so 
fer  as  can  be  judged-of  by  the  amoimt  of  circulation  through  it),  long 
before  the  sexual  instinct  manifests  itself  in  any  perceptible  degree. — 
But  neither  doctrine  need  be  maintained  altogether  to  the  exclusion  of 
the  other ;  and  there  are  many  among  the  Phrenologists  of  the  present 
day,  who  hold,  with  Serres,  that  whilst  the  hemispheres  of  the  Cerebellimi 
possess  the  endowments  now  generally  assigned  to  them  by  Physiologists,* 
the  central  lobe  is  connected  with  the  Genital  function.  It  has  been 
shown  by  Dr.  N.  S.  Davis,*  however,  that  there  is  no  perceptible  differ- 
ence in  the  dimensions  of  this  central  lobe,  any  more  than  in  those  of  the 
hemispheres,  between  Bulls  and  Oxen;  and  no  proof  has  yet  been 
offered,  save  that  afforded  by  the  pathological  evidence  just  referred-to, 
that  any  such  endowment  is  possessed  by  it.  That  in  some  way  or  other, 
however,  either  the  central  portion  of  the  Cerebellum,  or  some  part  of 
the  Medulla  Oblongata,  has  a  special  connection  with  the  Generative 
fimction,  appears  to  the  Author  to  be  indicated  with  tolerable  clearness 
by  several  of  the  Pathological  phenomena  already  cited.  The  circum- 
stance, too,  of  which  he  has  frequently  been  assured,  that  great  applica- 
tion to  gymnastic  exercises  diminishes  for  a  time  the  sexual  vigour,  and 
even  totally  suspends  desire,  seems  worthy  of  consideration  in  reference 
to  such  a  view ;  for  if  the  Cerebellum  be  really  connected  with  both 
kinds  of  function,  it  does  not  seem  unreasonable  that  the  excessive 
employment  of  it  upon  one  should  diminish  its  energy  in  regard  to  the 
other. — An  analysis  of  the  nature  of  the  Sexual  propensity,  however, 
suggests  the  conclusion  that  we  are  not  to  look  in  this  part  of  the  Ence- 
phalon  for  anything  else  than  a  seat  of  the  sexual  sensation ;  the  character 
of  which  seems  to  be  sufficiently  different  from  that  of  mere  tactile  sen- 
sation, to  require  a  distinct  ganglionic  centre.  Such  a  centre  would  be 
likely  to  be  placed  in  the  line  of  the  other  sensory  ganglia,  and  in  close 
connection  with  them. 

544.  As  in  the  case  of  other  sensations,  the  Sexual,  when  moderately 
excited,  may  give  rise  to  ideas,  emotions,  and  desires,  of  which  the  Cere- 
bnun  is  the  seat ;  and  these  may  react  on  the  muscular  system  through 
the  Intelligence  and  Will.  But  when  inordinately  excited,  or  when  not 
kept  in  restraint  by  the  Will,  the  sexual  sensations  will  at  once  call  into 
play  respondent  movements,  which  are  then  to  be  regarded  as  piu'ely 
automatic;  this  is  the  case  in  Nymphomania  and  Satyriasis  in  the  Human 
*  ''  TranBactioDB  of  Americftn  Medical  ABaociation,"  voL  iii.  p.  415. 
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subject;  and  it  k  probably  also  tte  ordinary  mode  of  operation  of  t1 

iense,  ia  sucb  of  tbo  lower  animals  as  have  Dot  paycbical  power  em 

to  form  a  coa^eptioti  of  an  absent  object  of  gratification,  aad 

thereforG,  bo  aaid  to  bave  sexual  desires.     Tbus,  like  othex  sensati 

may  act  either  ifiidlifftntiall^  or  tmtomaticall^  ;  giving  rise  to  ideas. 

tranimission  to  the   Cerebmm,  which  ideas,  associated  with  pleasural 

feelings,    originiite    dcjiires    that   stimulate    the    Reasoning   poweers 

deriiie  means  for  their  gratliication,  and  excite  the  Will  to  the  n©C4 

actions;  or,  by  its  immeditite  actioa  npon  the  motor  api^aratus,  prodtid: 

respondent  mo^mittds. — Of  thk  double  modus  operandi  we  floem 

sufficient  evidence*     Fot  among  many  of  tbe  lower  tribes  of  anii 

the  time  when  tlie  generative  organs  are  in  a  state  of  lunetlonal  sietivit 

the  presence  of  an   individual   of  the  oppomte  sea^  Indicated    by  tl 

sight,  smell|  hearing,  or  touch,  immediately  excites  the  whole   train 

instinctive  auctions  concerned  in  tlie  reproductive  operation  ;  whilst  w 

have  no  evidence  in  tbem  of  any  voluntary  exertion,  resulting  froni  tJa 

existence  of  a  dedre  entertained  in  the  absence  of  the  object,  and  intends 

for  the  gratification  of  that  desire*     In  Man,  on  the  other  hand,  tl 

principal  operation  of  the  sexual  sensations  is  in  awakening  desiFes 

affections^  which  serve  as  excitements  to  the  intelligence  and  as  motive 

to  the  Will ;  and  it  is  only,  under  ordinary  circumstances,  when  the  tin 

sexes  have  been  thus  bro light  into  close  relation^  tlmt  the  direct  reactit 

of  the  sexuid  sensation  manifests  itself  in  automatic  movements.     In  casti 

however,  in  which  this  sensation  is  excited  in  unusual  strength,  it 

completely  overmaster  all   motive  to  the  repression  of  the  projiensit 

and  may  even  entirely  remove  the  actions  from  volitional  contrt>l ; 

a  state  of  a  very  similar  kind  exists  In  many  Idiots,  in  whom  tlie 

propensity  exerts  a  dominant  power,  not  because  it  is  in  itself  pecul 

strong,  but  because,  the  Intelligence  being  undeveloped,  it  acta  witfaoi 

reBtraint  or  direction  from  the  Will, 

5,  The  Cereh^um^  and  its  Functions. 

545.  We  come,  in  the  last  place,  to  consider  the  functions  of  that  pa 
tion  of  the  Nervoujs  Ceatrea»  which  is  evidently,  in  Mim^  the  predomina 
organ  of  his  whole  sj^stem ;  being  not  merely  the  instrument  of  his  Ileasoi 
ing  ^cullies,  but  al«o  possessing  a  direct  or  indirect  control  over  near 
aU  the  actions  of  bis  corporeal  frame,  save  those  purely  vegetative  process 
which  are  most  completely  isolated  fr^m  his  animal  powers.  We  sliou 
Iks  in  great  danger,  however,  of  coming  to  an  erroneous  conclusion  aa 
the  real  character  of  the  Cerebrum,  and  of  its  operations,  if  we  confii* 
ourselves  to  the  study  of  the  Human  organism  ;  and  the  history 
Physiological  science  shows  that  every  advance  of  knowledge  resjKicti] 
its  lunctioa^  has  tended  to  iimtl  them,  whUst  at  Hie  same  time  renderii 
them  more  preciae.  Thus  the  Braia  (this  term,  in  the  older  Anatoni 
being  cfueily  appropriated  to  the  Cerebrum)  vrna  once  accounted 
merely  the  centre  of  all  motion  and  aetiaation,  but  also  the  source  of 
vitali^ ;  the  different  pro<3easea  of  nutrition,  secretion,  &c,,  being  inaij 
tained,  it  was  supposed,  by  a  constant  aupply  of  *  animal  spirits,*  propagau 
from  the  brain,  along  the  nerves,  to  each  individual  \mrt.  The  nm 
modem  doctrine,  that  the  Sympathetic  System  has  for  its  special  fuucti( 
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to  supply  the  nervous  influence  requisite  for  the  maintenance  of  the 
functions  of  Organic  life,  was  the  first  step  in  the  process  of  limitation ; 
still  the  Brain  was  r^arded  as  the  centre  of  all  the  Animal  functions ; 
and  no  other  part  was  admitted  to  possess  any  power  independently  of  it. 
By  experiments  and  pathological  observations,  however,  the  powers  of 
the  Spinal  Cord  as  an  independent  centre  of  action  were  next  established ; 
and  it  was  thus  shown  that  there  is  a  large  class  of  motions  in  which 
the  Brain  has  no  concern,  and  that  the  removal  of  the  Cerebral  hemi- 
spheres is  not  incompatible  (even  among  the  higher  Vertebrata)  with  the 
prolonged  maintenance  of  a  sort  of  inert  and  scarcely  conscious  life.  Still, 
it  has  been  usually  maintained,  and  with  great  show  of  reason,  that  the 
Cerebrum  is  the  instrument  of  all  psychical  operations,  and  the  originator 
of  all  the  movements  which  could  not  be  assigned  to  the  reflex  action  of 
the  Spinal  Cord.  An  attempt  has  been  made,  however,  in  the  preceding 
pages,  to  show  that  this  view  is  not  correct ;  and  that  there  is  a  class  of 
actions,  neither  excito-motor  nor  volimtary,  but  directly  consequent  upon 
Sensations,  and  constituting  (with  the  excito-motor)  the  truly  instinctive 
actions,  which  may  be  justly  assigned  to  certain  ganglionic  centres  not  less 
independent  of  the  Cerebrum  than  is  the  Spinal  Cord  itself.  It  has  been 
further  pointed-out  that  the  Cerebrum  must  be  considered  in  the  light  of 
an  organ  superadded  for  a  particular  purpose  or  set  of  purposes,  and  not 
as  one  which  is  essential  to  life ;  that  it  has  no  representative  among  the 
Invertebrata  (except  in  a  few  of  the  highest  forms,  which  evidently  pre- 
sent a  transition  towards  the  Vertebrated  series) ;  and  that,  at  its  first 
introduction  in  the  class  of  Fishes,  it  evidently  performs  a  subordinate 
part  in  the  general  ^tions  of  the  Nervous  System.  Hence,  whatever  be 
the  function,  or  set  of  functions,  we  assign  to  the  Cerebrum,  we  must 
keep  in  view  the  special  character  of  the  organ ;  and  must  never  lose 
sight  of  the  fiict,  that  its  predominance  in  Man  does  not  deprive  other 
parts  of  their  independent  powers,  although  it  may  keep  the  exercise  of 
those  powers  in  check,  and  may  considerably  modify  their  manifestations. 
546.  Before  proceeding  to  inquire  into  the  Physiology  of  the  Cerebrum, 
we  may  advantageously  take  notice  of  some  of  the  leading  features  of  its 
structure.* — In  the  first  place,  it  forms  an  exception  to  the  general  plan 
on  which  the  elements  of  ganglionic  centres  are  arranged  ;  in  having  its 
vesicular  substance  on  the  exterior^  instead  of  in  the  central  part  of  the 
mass.  The  purpose  of  this  is  probably  to  allow  the  vesicular  matter  to 
be  disposed  in  such  a  manner  as  to  present  a  very  large  surface,  instead 
of  being  aggregated-together  in  a  more  compact  mass ;  and  by  this  means 
to  admit,  on  the  one  side,  a  more  ready  access  of  the  blood-vessels  which 
are  so  essential  to  the  functional  operations  of  this  tissue,  as  well  as  a 
more  ready  communication,  on  the  other,  with  the  vast  number  of  fibres 
by  which  its  influence  is  to  be  propagated.  There  is  no  reason  whatever 
to  believe,  that  the  relative  functions  of  the  vesicular  and  fibrous  sub- 
stances are  in  the  least  altered  by  this  change  in  their  relative  position  ; 
indeed,  the  results  of  observation  upon  the  phenomena  of  disordered 
Cerebral  action  are  such  as  to  afford  decided  confirmation  to  the  doctrine 
now  generally  accepted,  that  the  action  of  the  Vesicular  matter  consti- 
tutes the  source  of  nervous  power,  whilst  the  Fibrous  structure  has  for  its 

*  For  farther  details  of  the  minute  anatomy  of  the  Cerebral  sabetance,  see  Lockbart 
CHarke  in  the  "  Proceedinga  of  the  Royal  Society,"  vol.  xii.  No.  57. 
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ofEca  to  conduct  tbc  inilueiiee  t^iiB  generated  to  the  points  at  whieb  \i 
ia  to  opemte.  The  purpose  of  this  arrangement  is  furtlier  evidenced  by 
the  ^ct,  that,  in  all  the  higher  forms  of  Cerebral  structure^  we  tmd  a 
pro  vision  for  a  still  greater  ej£  tension  of  the  surface  at  which  tlie  vesicular 
matter  and  the  blood^veaaela  ix^y  come  into  relation;  this  being  i?0ected 
by  llie  plication  of  the  lajer  of  vesicular  matter  into  'convolutions,'  into 
th8  sulci  between  which  the  highly  vascular  njembrane  known  as  tbe 
*  pi  a- mater*  dips  down,  sending  mnltitudes  of  small  vessels  from  its  inner 
surface  into  the  ffubBtance  it  invests. 

547*  The  Cortical  substance  or  *  grey  matter*  of  tlie  Hemispheres 
esaentially  coasisfci  of  that  vesicular  nerve-substance,  which,  in  tiie  Spinal 
Ckird,  as  in  gangUonic  masses  generally,  is  found  to  occupy  the  interior. 
Its  usual  thickness  is  about  one-lii^h  of  an  inch ;  but  conBtdeiable 
variations  present  themselves  in  this  respect,  as  also  in  the  depth  of  the 
convolutions*  Thus  the  plications  are  deepest,  and  the  layer  of  *grej 
matter'  the  thickest,  during  the  period  of  greatest  nervous  energy,  that 
is,  in  middle  Life  ;  in  infancy  and  in  old  age,  the  convolutions  are  simpler 
and  have  fewer  undulations,  and  the  thickness  of  ttieir  cortical  substance 
is  much  inler  Jor ;  and  the  same  is  true  of  the  adult  brain  of  some  of  the 
least  cultivated  races  of  mankind.  Three  layers  of  somewhat  dilfei'ent 
hues  mav  be  distinguislied  in  tlie  corticjil  substance ;  the  external,  white ; 
the  middle,  piux  grttf ;  the  intermd,  ifellowhh  retL  The  external  one^ 
however,  may  generally  be  subdivided  into  two^  and  the  internal  one  into 
four;  namely,  two  white  kmina?,  alternating  with  tw^o  yellowiBli-red 
laminse.  Throughout  its  entire  thickness,  nerve-cells  and  nerve- fibres 
are  intermixed;  and  these  are  imbedded  iu  a  granular  matrix- substanee. 
The  nerve^cellfl  are  for  the  most  part  remarkable  for  the  number  of  pale 
slender  branching  processes  which  tliey  give-oflf;  and  these  have  l:>een 
tmequivocaDy  proved  by  observation  to  be  continuous  \vith  some  (at 
least)  of  the  £bres  which  are  found  in  close  rektion  to  them.  These 
cells  are  most  abundant  in  the  middle  or  pure-grey  layer,  and  next  to 
this  in  tlie  internal  or  yellowish-red  layer;  on  the  other  hand,  in  the 
external  white  layer,  and  in  the  white  streaks  of  the  mternal  layer,  the 
Hbres  spread-out  ia  a  phme  that  is  nearly  purallel  to  the  surface.  The 
further  the  fibres  penetrate  from  the  medullary  stratum  into  the  cortical 
substance,  tlie  finer  do  they  become  j  and  in  the  external  white  lamina, 
in  which  tliey  form  numerous  superimposed  layers,  and  cross  each  other 
in  various  directions,  they  are  reduced  to  the  very  smallest  dimensions. 
It  seems  certain  that  both  in  this  and  also  in  the  grey  byer,  some  of  the 
fibres  return  by  loops ;  although  it  has  not  been  yet  found  possible  to 
determine  to  what  order  of  fibres  these  belong:* 

548.  In  the  Medullar fi  or  fibrous  substance,  of  which  the  great  mass 
of  the  Cerebrum  is  comj:>oi^d,  three  principal  sets  of  fibres  may  be  dis- 
tinguished. These  are^'—fin^tj  the  radiating  fibres^  which  coimect  the 
vesicular  matter  of  the  cortical  substance  of  the  lie  mi  spheres  with  th« 
ThaJami  Optici^  and  which,  if  oar  view  of  the  function  of  the  latter  be 
correct,  may  be  regarded  as  a^^cfmiin^ ; — second,  the  radiating  fibres 
which   eonneet  the   vesicidar  matter  of  the  cortical  substance  of  ihm 

•  ge«  Prof.  KoHlker's  "MhqbaI  *f  Ilaman  Huttology"  (?^yden.  Soc,),  taL  L  pp, 
430-113;  bii   *'Mlkro8kopiacUe  Anfitoaiie,"    bftml  ii.  §  119;  ^nd  hl&  *VM]ldii«J  of 
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Hemispheres  with  the  Corpora  Striata,  and  which,  on  similar  grounds, 
may  be  regarded  as  descending; — and  third^  the  Commissural  fibres, 
which  establish  the  connection  between  the  opposite  Hemispheres,  and 
between  the  different  parts  of  the  vesicular  substance  of  the  same  side, 
especially  between  that  disposed  on  the  surface  of  each  hemisphere  and 
those  isolated  patches  which  are  found  in  its  interior.  It  is  on  the  very 
large  proportion  which  the  Commissural  fibres  bear  to  the  rest,  that  the 
bulk  of  the  Cerebrum  of  Man  and  of  the  higher  animals  seems  chiefly  to 
depend ;  and  it  is  easy  to  conceive  that  this  condition  has  an  important 
relation  with  the  operations  of  the  Mind,  whatever  be  our  view  of  the 
relative  functions  of  different  parts  of  the  Cerebrum.  It  appears  from 
the  late  researches  of  M.  Baillarger,  that  the  surface  and  the  bulk  of  the 
cerebral  hemispheres  are  so  far  irom  bearing  any  constant  proportion  to 
each  other,  in  different  animals,  that,  notwithstanding  the  depth  of  the 
convolutions  in  the  Human  Cerebrum,  its  bulk  is  2i  times  as  great  in 
proportion  to  its  surface,  as  it  is  in  the  Kabbit,  the  surfece  of  whose 
Cerebrum  is  smooth.  The  entire  surface  of  the  Human  Cerebrum  is 
estimated  by  him  at  about  670  square  inches.* 

Fio.  121. 


Diagram  of  the  mntnal  relations  of  the  principal  Encephalic  centres,  as  shown  in  a  vertical 
section :— a,  Cerebrum ;  b,  Cerebellum ;  c,  Scnsori- motor  tract,  including  the  Olfactive  jfan- 

glion  oif,  the  Optic  opt,  and  the  Auditory  aud,  with  the  Thalami  Optici  thal^  and  the  Corpora 
trlata  c# ;  d,  Mcdulia Oblongata ;  k.  Spinal  Cord ;— «,  olfa "tive  nerve ;  6,  optic*;  e,  auditory ; 
d,  pneumogastric ;  «,  hypoglossal ;/.  spinal :  fibres  of  the  medullary  substance  of  the  Cerebrum 
are  shown,  connecting  its  ganglionic  surfiuiee  with  the  Sensori-motor  tract. 

♦  The  inference  drawn  by  M.  Baillarger  from  the  facte  he  has  collected, — namely,  that 
the  proportional  surface  of  vesicular  matter  in  different  animals,  whether  considered  ab- 
solutely, or  relatively  to  the  volume  of  the  Cerebrum,  has  no  correspondence  with  their 
intellectual  capability, — is  far  too  sweeping  an  assumption  ;  since,  as  above  shown,  the 
increase  in  the  commissural  fibres,  causing  an  augmentation  of  the  bulk  of  the  Cerebrum, 
may  be  alike  the  cause  of  increased  intelligence  and  of  a  diminished  proportional  amount 
of  vesicular  matter,  though  the  latter  still  remains  as  the  original  source  of  power. 

P  P 


678 


rUNCnOlHS  of  the   CEE£BR0*SI*JHAL  KE&vmTS 


549,  With  regard  to  tlie  ^adiatmg  fibres,  which  connect  the  Ccfrpora 
Striata  and  Thalami  Opticl  with  the  vesicolar  Hurfuce  of  tlie  Cerebral 
hemispheres,  not  only  has  no  positive  proof  yet  been  obtained  of  their 
direct  continuity  with  tliose  which  enter  into  the  composition  of  the  nerves 
proceeding  from  the  Spinal  Cord  and  MedidJa  Oblongat-a;  hut  the  restilta 
of  the  moat  recent  and  careful  examination  are  in  opfjosition  to  auch  an 
idea  (§  502).  And  we  have  seen  that  there  are  certain  pherionieua,  which 
are  best  explained  by  considering  these  radiating  fibres  as  of  a  €t>mmtHimr^il 
nature  only ;  und  as  serving  to  connect  tlie  vehicular  TOatter  of  the  Cere- 
brum with  that  of  the  higher  portions  of  the  Ommo-Spimil  Axis,  through 
which  alone  they  are  brought  into  relation  with  the  central  temnntitiona 
of  the  afferent  nerves,  and  with  the  origins  of  the  motor  (§  527). — Thus  tlie 
Anatomical  relation  which  the  grey  matter  of  the  Cerebral  convolutiona 
bears  to  the  central  Sansoriura,  precisely  corresponds  with  that  which  is 
borne  to  it  by  the  Retina,  which  essentially  consists,  like  it,  of  an  expan- 
sion  of  vesicular  substance;  whilst  the  radiating  iihrea  of  the  medidlafy 
Bubstaxice  answer  precisely  to  the  Optic  Nerve*  And  it  is  a  most  iiiif»or- 
tant  confirmation  of  this  view,  tliat  such  a  relation  is  also  sIiowti  to  exist 
by  the  hffetory  of  Development.  For  the  cortical  Buhstance  of  the  Cere- 
brum and  tlie  Ketina  alike  originate  as  offsets  from  the  Sensory  Ganglia  ; 
■rfje  former  detaching  itself  from  the  Corpus  Striatum  on  either  side,  the 
latter  from  the  Thalamus  Opticus ;  and  each  being  gradually  renioved  to 
a  greater  and  greater  distance  from  its  original  centre,  by  the  elongation 
of  the  intervening  oonnmssural  tract.  It  seems  to  have  been  a  kind  of 
recognition  of  this  analogy,  whicli  long  since  letl  the  sagacious  ReH  to 
designate  the  Cerebral  lobes  as  a  congeries  of  ^  nerves  of  the  internal 
senses/* 

550.  The  Commissural  fibres  constitute  two  principal  groups  the 
trnnsi^ers€  and  the  longitudinal ;  the  former  connecting  the  tivo  Henii* 
spheres  with  each  other;  tlie  latter  uniting  the  different  parts  of  the 
flame  Hemisphere. — ^Of  the  transverse  comjiiissurea,  the  Corpus  CaUomni 
11  the  most  important,  Thb  consists  of  a  ma^  of  fibres  very  closely 
interlaced  together;  which  may  be  traced  into  the  siihstan^  of  the 
hemispheres  on  each  side,  parti ciilarly  at  their  lower  part,  where  t?,  ]•■ 
connections  are  the  closest  with  the  Thalami  Optici  and  Corpora  Si  r 
It  is  difficult,  if  not  imposaiblcj  to  trace  its  fibres  any  further  \  but  ihcrQ 
can  be  little  doubt  that  they  radiate,  with  the  fibres  proceeding  from  tlie 
bodies  just  named,  to  different  parts  of  the  cortical  substnnce  of  tlie 
Hemispheres.  This  comnLisaure  is  aitogether  wanting  in  Fish,  Beptiles, 
and  Birds ;  and  it  m  pfirtiaUy  or  completely  wanting  in  thoge  Maiumala 
whoge  Cerebrimi  is  formed  iijwn  the  least  complex  plan,^the  Rodents 
and  Marsupials.  Although  the  Anterior  commJBsnre  particularly  unites 
the  Corpora  Striata  of  the  two  sides,  many  of  its  fibres  pass  through  tliose 
organs,  and  radiate  towards  the  convolutiona  of  the  HemispheFes,  eepeclally 
those  of  the  middle  lobe :  this  commissure  is  particularly  large  in  those 

*  He  aay%  '^  The  nerres  of  the  ejetenial  Mniei  and  Tolunt^iry  mnsckseacape  troai  die 
onniutli  forwardiand  b*okwtm.iJS,  and  ramify  07er  the  ^ahole  of  the  bodj  ao  aa  to  cotiTiei?! 
it  with  the  orgaa  of  Ibe  eoul  ;  the  cervei  of  the  interna]  Bennies  [mor&I  and  iiit«ll«ctttfd 
faculties],  on  tlifi  other  hftudf  have  no  object  heyond  the  craniam^  and  are ihereforc  found 
rollod-np  on  themg^lvcs  and  forming  the  mtiasea  of  the  brain,*'  (*'Archiif  flir  fb^tii ," 
1@Q2,  band  vi  s,  4r}6,) 
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Margupials  in  which  the  Corpus  Callosum  is  deficient. — Of  the  longitu- 
dinal commissures,  some  lie  above  and  others  below  the  Corpus  Callosum. 
Upon  the  transverse  fibres  of  that  body  there  is  a  longitudinal  tract  on 
each  side  of  the  median  line,  which  serves  to  connect  the  convolutions  of 
the  anterior  and  posterior  Cerebral  lobes.  Above  this,  again,  is  the  Supe- 
rior longitudinal  commissure,  which  is  formed  bj  the  fibrous  matter  of 
the  greater  convolutions  nearest  the  median  plane  on  the  upper  surface  of 
the  Cerebrum,  and  which  connects  the  convolutions  of  the  anterior  and 
middle  lobes  with  those  of  the  posterior.  Beneath  the  Corpus  Callosum, 
we  find  the  most  extensive  of  all  the  longitudinal  commissures,  the  Fornix, 
This  is  connected  in  fi:ont  with  the  Thalami  Optici,  the  Corpora  Mammil- 
laria,  the  Tuber  Cinereum,  &c.;  and  behind,  it  spreads  its  fibres  over  the 
Hippocampi  (major  and  minor),  which  are  nothing  else  than  peculiar 
convolutions  that  project  into  the  posterior  and  descending  comua  of  the 
lateral  ventricles.  The  fourth  longitudinal  commissure  is  the  Tcenia  semi- 
circularis,  which  forms  part  of  the  same  system  of  fibres  with  the  fornix ; 
connecting  the  corpus  mammillare  and  thalamus  opticus  of  each  side 
with  the  middle .  lobe  of  the  cerebral  hemisphere.  If,  as  Dr.  Todd  has 
remarked,*  we  could  take  away  the  corpus  callosum,  the  grey  matter  of 
the  internal  convolution,  and  the  ventricular  prominence  of  the  optic 
thalami,  then  all  these  commissures  would  fall- together,'  and  would 
become  united  in  the  same  series  of  longitudinal  fibres. — Experiment  does 
not  throw  any  light  upon  the  particular  functions  of  the  Corpus  Callosum 
and  other  Commissures;  since  they  can  scarcely  be  divided  without 
severe  general  injury.  It  would  appear,  however,  that  the  partial  or 
entire  absence  of  these  parts,  reducing  the  Cerebrum  (in  this  respect  at 
least)  to  the  level  of  that  of  the  Marsupial  Quadruped  or  of  the  Bird,  is 
by  no  means  an  unfrequent  cause  of  deficient  intellectual  power.f 

*  "Anatomy  of  the  Brain,  Spinal  Cord,"  kc.,  p.  234. 

f  The  following  case  of  deficient  oommissureB,  recorded  by  Mr.  Paget  ("Medico-Chimrg. 
Transactions/'  vol.  xxiv.),  is  of  much  interest.  The  middle  portion  of  the  Fornix,  and 
the  whole  of  the  Septum  Lucidum,  were  absent ;  and  in  place  of  the  Corpus  Callosum,  there 
was  only  a  thin  £B»cicuIated  layer  of  fibrous  matter,  1*4  iach  in  length,  of  which,  however, 
the  fibres  extended  to  all  the  parts  of  the  brain  into  which  the  fibres  of  the  healthy  corpus 
callosum  can  be  traced.  The  Middle  commissure  was  very  large ;  and  the  lateral  part  of 
the  Fornix,  with  the  rest  of  the  Brain,  was  quite  healthy.  The  patient  was  a  servant- 
girl,  who  died  of  pericarditis.  She  had  displayed  nothing  very  remarkable  in  her  mental 
condition,  during  her  life,  beyond  a  peculiar  want  of  forethought  and  power  of  judging  of 
the  probMe  event  of  things.  Her  memory  was  good ;  and  she  possessed  as  much  ordinary 
knowledge  as  is  commonly  acquired  by  persons  in  her  rank  of  life.  She  was  of  good  moral 
character,  trustworthy,  and  fully  competent  to  all  the  duties  of  her  station,  though  some- 
what heedless  ;  her  temper  was  good,  and  disposition  cheerful. — The  mental  deficiencies 
in  most  of  the  few  other  cases  of  which  the  details  have  been  recorded,  seem  to  have  been 
of  the  same  order  ;  and  this  is  exactly  what  might  have  been  anticipated ;  since  the 
deprivation  of  these  parts  takes  away  that  which  is  most  characteristic  of  the  Cerebrum 
of  Man  and  of  the  higher  Mammalia  ;  their  intellectual  operations  being  peculiarly  dis- 
tinguished by  that  application  of  patt  experience  to  the  jtrediction  of  the  futwre^  which 
constitutes  one  of  the  highest  efforts  of  intelligence. — Another  case  has  been  since  put  on 
record  by  Mr.  Mitchell  Henry  (Op.  cit.,  vol.  xxxi.),  in  which  the  anterior  portion  of  the 
Corpus  Callosum  was  deficient,  together  with  the  middle  and  anterior  portion  of  the 
Fornix,  and  the  whole  of  the  Septum  Lucidura.  There  was  in  this  case,  also,  a  marked 
intellectual  deficiency,  but  apparently  of  a  different  character  from  that  which  showed 
itself  in  the  preceding  case ;  for  instead  of  vivacity  and  habitual  rapidity  of  action,  there 
was  here  a  disproportionate  degree  of  slowness  in  action,  amounting  almost  to  stupidity. 
The  difference  in  the  two  cases,  however,  is  perhaps  to  be  set-down  rather  to  the  account 
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551,  The  weiglit  of  the  entire  Enceplialcin  in  the  adult  Male  usually 
ranges  between  40  mid  60  ojc.,  the  average  lieLag  aboiil  50  oz. ;  and  in  thfl 
Femmle  from  36  to  50  oz*,  the  ayemge  being  about  45  oz.  The  iria 
mnm  of  tlje  healttiy  hrain  seeina  to  be  about  64  0£,,  and  the  minimunr' 
aliotjt  *n  oz.  But  in  oaBea  of  Idiocy,  the  anioiint  is  sometimes  much 
below  this;  as  low  a  weight  as  20  oz.  having  been  recorded. — -It  appears^ 
Irom  the  investigations  of  M,  Boiirgery,  that  the  relative  siz<^  of  the 
difterent  coniponent  elements  of  the  Human  Enoephslon  are  f- 
BM  IbllowB,  Dividing  the  whole  into  204  parts,  the  weight  of  the  < 
win  l:»e  represented  by  aliout  170  of  thode  part®,  that  of  tlie  i*  i 
by  21t  and  that  of  the  Medulla  Oblongata  with  the  Optic  Thii  i 
(*orpora  Striata  at  13.  The  weight  of  the  Spinal  Cord  would  U\  i  ^m- 
same  ©t'ale,  T  parts*  Hence  the  Cerebral  Hemispheres  of  Man  im  li^l  an 
amount  of  nervous  matter,  which  is  four  times  that  of  all  tJie  rest  of  xht* 
Cranio- Spinal  maBs,  more  than  ei*ih(  times  that  of  the  Cerebellum,  fhirtreft 
times  that  of  the  Medulla  Oblongata*  <S:c.,  and  ttPentt/'/onr  times  that  of 
the  Spinal  Cord. — The  average  weight  of  the  whole  Encephalon  in  pro- 
portion to  that  of  the  body,  in  Man,  taking  the  average  of  a  great  Diiail 
of  observations,  is  about  1  to  36.  This  is  a  much  krger  projwrtion  than 
that  which  obtains  in  most  other  animals;  thus  the  arenige  of  Mannnulia 
IB  Stated  by  M.  Leuret  to  be  I  to  180,  that  of  Birds  1  to  212,  tliat  of 
Kept] tea  1  to  1321,  and  that  of  Fishes  1  to  56G8.  It  la  mteregting  to 
remark^  in  reference  to  these  estimates,  that  the  EncephaliD  prolo&gatioii 
of  the  Medulla  Oblongata  in  Man  (being  about  one-aixteeiitli  of  the 
weight  of  the  whole  Encephalon)  b  oione  more  than  twice  as  lieavy 
in  proportion  to  his  body,  as  the  enttfe  Encephalon  of  Reptiles,  and  tfn 
times  as  heavy  as  that  of  Fish* — But  there  are  some  animals  in  which  the 
weight  of  the  Encephalon  bears  a  higher  proportion  to  that  of  the  body 
than  it  does  in  Man;  thus  in  the  Blue-headed  Tit^  the  proportion  is  as  1 
to  12,  in  the  Goldfinch  as  1  to  34,  and  in  the  Field-Moui«  as  1  Uj  III, 
It  does  not  hence  follow,  however,  that  the  C^rfbrtim  is  larger  in  projior- 
tion  ;  in  fact^  it  is  probably  not  nearly  so  large ;  for  in  Birds  and  Rodent 
Mammals,  the  Sensory  Ganglia  form  a  verj*  considerable  proportion  of  the 
entire  Encephalon*  The  importance  of  distingui ailing  bt?tween  the  sevemJ 
parts  of  tJiis  mass,  which  are  marked -out  as  distinct  alike  hy  their  struc- 
ttire  and  connections  and  by  the  lustory  of  their  development,  has  not 
been  by  any  means  sufficiently  attendetl  to, 

552,  The  Encephalon  altogether  receives  a  supply  of  Blood j  the  amount 
of  which  is  very  remarkable,  when  its  comparative  bulk  is  considered ; 
the  proportion  which  goes  to  it  being,  according  to  the  estimato  of 
Haller,  as  much  as  one-fiilb  of  the  whole  mass.  The  manner  in  which  this 
blood  is  conveyed  to  the  brain,  and  the  conditions  of  its  diBtribution, 
offer  some  peculiarities  worthy  of  notice.  The  two  Vertebnd  and  two 
Carotid  arteries*  by  wliich  the  blood  entera  the  cavity  of  the  cranium^ 
have  a  more  free  commuDication  by  anastomosis  thiui  anv  similar  set  of 
luteries  elsewhere ;  and  this  is  obviously  destined  to  prevent  an  obstnic- 
tion  ill  one  trtutk  from  interrupting  the  supply  of  blood  to  the  partfl 
through  which  its  branches  are  chieflj  distributed, — the  cessation  of  tlie 
circuUition  through  tlie  nervous  matter  being  immediately  produetive  of 

of  getienl  teinp«TAiiiiFi3t ;  doce  ta  Initb  of  diem  them  «eeiD«  to  have  htm  a  d«ftct€M|  ia 
Ibe  power  ol  cmiyiiig'^  a  continuotu  ttvli]  of  tkougbt 
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suspension  of  its  functional  activity.* — ^Not  only  must  there  be  a  suffi- 
cient supply  of  blood,  but  it  must  make  a  regulated  pressure  on  the  walls 
of  the  vessels.  Now  the  Encephalon  is  differently  circumstanced  from 
other  vascular  organs,  in  being  enclosed  within  an  imyielding  bony  case 
(§  254)  ;  and  we  find  a  special  provision  for  equalizing  the  bulk  of  the 
contents  of  this  cavity,  and  for  counterbalancing  the  results  of  differences 
in  the  functional  activity  of  the  brain  and  in  its  supply  of  blood,  in  the 
existence  of  a  fluid  which  is  found  beneath  the  arachnoid,  both  on  the 
surface  of  the  braiYi  and  spinal  cord,  and  in  the  ventricles  of  the  former. 
The  amount  of  this  *  cerebro-spinal  fluid'  seems  to  average  about  two 
ounces ;  but  in  cases  of  atrophy  of  the  brain,  as  much  as  twelve  ounces 
.of  fluid  may  sometimes  be  obtained  from  the  cranio-spinal  cavity  ;  whilst 
in  all  instances  in  which  the  bulk  of  the  brain  has  imdergone  an  increase, 
whether  from  the  production  of  additional  nervous  tissue,  or  from  undue 
turgescence  of  the  vessels,  there  is  either  a  diminution  oj  a  total  absence 
of  tliis  fluid.  It  appears  from  the  experiments  of  Magendie  (to  whom 
oxir  knowledge  of  its  importance  is  chiefly  due),  that  its  withdrawal  in 
living  animals  causes  great  disturbance  of  the  cerebral  functions,  probably 
by  allowing  imdue  distension  of  the  blood-vessels  ;  it  is,  however,  capable 
of  being  very  rapidly  regenerated ;  and  its  reproduction  restores  the 
nervous  centres  to  their  natural  state. — ^As  the  *  cerebro-spinal  fluid '  can 
readily  find  its  way  from  the  sub-arachnoid  spaces  of  the  cranial  cavity 
into  tjiose  of  the  spinal,  and  as  it  is  no  less  readily  absorbed  than  repro- 
duced, it  evidently  serves  as  an  equalizer  of  the  amount  of  pressure 
within  the  cranial  cavity ;  admitting  the  distension  or  contraction  of  the 
vessels  to  take  place,  within  certain  limits,  without  any  considerable 
change  in  the  degree  of  compression  to  which  the  nervous  matter  is  sub- 
jected. That  this  uniformity  is  of  the  greatest  importance  to  the  func- 
tional exercise  of  the  brain,  is  evident  from  a  few  well-known  facts.  If 
an  aperture  be  made  in  the  skuU,  and  the  protruding  portion  of  the 
brain  be  subjected  to  pressure,  the  immediate  suspension  of  the  activity 
of  the  whole  organ  is  the  result;  in  this  manner,  a  state  resembling 
profoimd  sleep  can  be  induced  in  a  moment,  the  normal  activity  being 
renewed  as  momentarily  so  soon  as  the  pressure  is  withdrawn,  f  This 
phenomenon  has  ofl;en  been  observed  in  the  Human  subject,  in  cases  in 
which  a  portion  of  the  cranial  envelope  has  been  lost  by  disease  or  in- 
jury. The  various  symptoms  of  Cerebral  disturbance  which  are  due  to 
a  state  of  general  Plethora,  are  evidently  owing  to  an  excess  of  pressure 
within  the  vessels ;  but  an  undue  diminution  of  pressure  is  no  less  inju- 
rious, as  appears  from  the  disturbance  in  the  Cerebral  functions  which 
results  from  the  very  opposite  cause,  namely  a  depression  of  the  power 
of  the  heart,  or  a  deficiency  of  blood  in  the  vessels. — It  is  of  peculiar 
importance  to  bear  in  mind  the  disturbance  of  the  Cerebral  functions 
occasioned  by  variations  of  internal  pressure,  when  we  are  endeavouring 
to  draw  inferences  from  the  phenomena  presented  by  disease. 

•  M»  Robin  ("Journal  de  la  Physiologie,"  vol.  ii.  p.  537)  has  described  an  accessory 
tissae  around  the  capillaries  of  the  brain,  in  the  space  between  which  and  the  proper 
Tunica  adventitia,  free  nuclei,  faXij  masses,  and  granules  of  heematosine,  are  observable. 
H.  Robin  seems  to  be  of  opinion  that  these  are  the  lymphatics  of  the  brain. 

t  Schiff  states  that  the  Indian  snake-charmers  are  accustomed  to  produce  rigidity  of 
the  body  by  pressure  on  the  occiput. 
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553.  We  shall  now  proceed  witli  oiir  Physiological  inquiiy  into  ' 
iimctioiis  of  tlic  Cerebrum ;  and  sliall  appeal ^  as  before,  to  Human  and 
Comparative  Anatomjr,  to  Esperiraetit,  and  to  Pathology,  for  our  chii 
data,— The  anatomical  relations  of  the  Cerebrum  to  the  other  EocN^pb 
centres,  clearly  demoustrate  that  it  is  not  one  of  the  essential  or  iunds 
mental  portions  of  the  KerrouB  system  ;  but  a  superadded  organ^  reeeiv-^ 
ing  all  its  impulses  to  action  ^m  the  parts  below,  and  operatiug  upon 
the  body   at  large  through  them.     And  its  great  biiUt,  joined   to  Im^} 
position  at  tlie  summit  of  the  whole  apparatus^— tJie  vesicular  substaoc 
of  its  convolutions  affording  a  termination  to  the  fibres  in  connection  ' 
with  it,  and  not  lioing  for  tbe  most  part  only  traversed   by  them,  as  is 
the  case  with  that  of  all  the  lower  centres,— clearly  mark  it  out  as  the 
highest  in  its  ftmctional  relations,  and    as  ministering,  ao  fiur  as  any 
material  instnmient  may  do,  to  the  exercise  of  those  psychical  powerS| 
which,  in  Man,  exliibit  ao  remarkable  a  predominance  over  the  mere 
animal  instincts*     This  conchision  is  fully  borne-out,  when  we  extend 
our  inquiries  from  Himiau  to   Comparative  Anatomy  ;    for  with  some 
apparent  exceptions,  which  there  would  probably  be  no  great  difficiilt^i 
in  eoqilatnuig  if  we  were  in  possession  of  all  the  requisite  data,  tliera  is  m\ 
very  close   correspondence   between   ^he   relative   development   of   ihmi 
Cerehrum  in  the  several  tribes  of  Vertebrata,*  and  the  degree  of  InttUi^ 
gence  they  respectively  possess, — using  the  latter  term  bs  jl  coinprehenaive 
eiqiiresdon  of  that  series  of  mental  actions,  which  consiBte  in  the  inien- 
Htmal  adaptation  of  means  to  ends,  based  on  delmite  idmis  as  to  tha  I 
nature  of  !>oth.     It  i«  not  always  easy  to  say,  in  tlie  case  of  the  lower  i 
animals,  what  parts  of  their  actions  are  to  be  attributed  to  autoniatic  I 
impulses   {i.e,   to  be  considered   as  Instinctive),  aud   what  should    ba 
regarded  as  the  reaidta  of  lutelltgence*     The  character  of  Intelligent  * 
actions,  howeveTy  as  comjiiired  with  Instinctive  (§  430),  is  uamdly  shown 
(1)  in  the  variettf  of  means  which  are  adopted  to  couijiass  tho  same 
ends,  and   this  not  merely  by  different  individuals  and  by  succ^isaive 
generations,  but  by  the  same  individual  at  different  times;   (2)  by  tiie 
improvement  in  the  mode  of  accomplishing  the  object,  which  resulta  from 
the  intelligent  use  of  experience,  and   from  the  greater  command    oi* 
means  which  is  progresaively  attained;  and  (3)  by  tbe  conformity  of  the 
means  to  altered  circumstances,  so  that  the  character  of  adaptiveness  is 
still  maintained,  however  widely  the  new  conditions  may  depart  from 
tliose  which  must  be  considered  as  natural  to  the  species. 

554.  The  difference  between  actions  which  proceed  from  the  Int^l- 
lectuaJ  faculties  prompted  by  the  instinctive  propensities,  and  those  of 
a  purely  Instinctive  character,  ia  well  seen  in  cou>paring  Bird^*  with 
Insects.  The  Instinctive  tendencies  of  the  two  classes  are  of  nearly  the 
same  kind ;  and  tlie  usual  arts  which  both  exhibit  in  the  constructiofi  of 
their  habitations,  in  procuring  their  food,  and  in  escaping  irom  danger, 
must  be  regarded  as  intuitive,  on  account  of  the  unilbrmity  witli  which 
they  are  practised  by  ditlercnt  tndividuajs  of  the  same  s[>ecie8,  and  the 
perfection  with  which  they  are  eTuercised  on  tlie  very  hrst  occasion.  But 
in  the  adaptation  of  their  operations  to  pccnhar  circumstances,  Birds  dis- 
play a  variety  and  fertility  of  resource,  far  sur|mssing  that  which  is  mam- 
fested  by  Insects^  and  it  can  aoaroely  be  doubted  by  those  who  atten^yelj 

•  See  "Priiw.  of  Oom^  Phyi.,"  §  662  el  uq. 
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observe  their  habits,  that  in  such  adaptations  they  are  often  guided  bj 
real  Intelligence.  This  must  be  the  case,  for  example,  when  ^ey  make 
trial  of  several  means,  and  select  that  one  which  best  answers  the  purpose ; 
or  when  they  make  an  obvious  improvement  from  year  to  year  in  the 
comforts  of  their  dwelling ;  or  when  they  are  influenced  in  the  choice  of 
a  situation  by  peculiar  circumstances,  which  in  a  state  of  nature  can 
scarcely  be  supposed  to  affect  them.  The  complete  domesticability  of 
many  Birds  is  in  itself  a  proof  of  their  possessing  a  certain  degree  of  intel- 
ligence ;  but  this  alone  does  not  indicate  the  possession  of  more  than  a 
very  low  amoimt  of  it ;  since  many  of  the  most  domesticable  animals  are 
of  ^e  humblest  intellectual  capacity,  and  seem  to  become  attached  to  Man, 
principally  as  the  source  on  which  they  depend  for  the  supply  of  their 
animal  wants.  But  there  are  certain  tribes  of  Birds,  especially  the  Parrots 
and  their  allies,  which  possess  an  extraordinary  degree  of  educability,  and 
which  manifest  a  power  of  performing  simple  acts  of  reasoning,  that  are 
quite  comparable  with  those  of  a  child  when  first  learning  to  Udk. 

555.  This  development  of  the  Intelligence  under  the  influence  of  Man, 
and  in  accordance  with  his  habits  rather  4ihan  with  the  original  habits  of 
their  species,  is  yet  more  remarkable  in  the  case  of  those  Mammals  whose 
instincts  lead  them  to  attach  themselves  peculiarly  to  him,  and  whose 
powers  of  reasoning  are  called-forth  in  adapting  themselves  to  the  new 
circumstances  in  which  they  are  thus  placed.  The  actions  of  a  Dog,  a 
Horse,  or  an  Elephant  are  evidently  the  result,  in  many  instances,  of  a 
complex  train  of  reasoning,  differing  in  no  essential  respect  from  that 
which  Man  would  perform  in  similar  circumstances ;  so  tibat  the  epithet 
'  half-reasoning,*  commonly  applied  to  these  animab,  does  not  express 
the  whole  tru^ ;  for  their  mental  processes  are  of  the  same  kind  with 
those  of  Man,  and  differ  more  in  the  degree  of  comprehensiveness  of  their 
data  and  conclusiveness  of  their  inferences,  than  they  do  in  their  essential 
character.  We  have  no  evidence,  however,  that  any  of  the  lower  animals 
have  a  voluntary  power  of  directing  their  mental  operations,  at  all  similar 
to  that  which  Man  possesses ;  these  operations,  indeed,  seem  to  be  of  very 
much  the  same  character  as  those  which  we  perform  in  connected  dreams, 
different  trains  of  thought  commencing  as  they  are  suggested,  and  pro- 
ceeding according  to  the  usual  laws,  imtil  some  other  disturb  them. — 
Although  it  is  customary  to  regard  the  Dog  and  the  Elephant  as  the  most 
intelligent  among  the  lower  animals,  it  is  not  certain  that  we  do  so  with 
justice ;  for  it  is  very  possible  that  we  are  misled  by  that  peculiar  attach-* 
ment  to  Man,  which  in  them  must  be  termed  an  instinct,  and  which 
enters  as  a  motive  into  a  large  proportion  of  their  actions ;  and  that,  if 
we  were  more  acquainted  with  the  psychical  characters  of  the  higher 
Quadrumana,  we  should  find  in  them  a  greater  degree  of  mental  capability 
than  we  now  attribute  to  them.  One  tiling  is  certain,  that  the  higher  the 
degree  of  Intelligence  which  we  find  characteristic  of  a  particular  race, 
the  gresi^ter  is  the  degree  of  variation  which  we  meet- with  in  the  characters 
of  individuals ;  thus  everybody  knows  that  there  are  stupid  Dogs  and 
clever  Dogs,  ill-tempered  Dogs  and  good-tempered  Dogs, — as  there  are 
stupid  Men  and  clever  Men,  ill-tempered  Men  and  good-tempered  Men. 
But  no  one  could  distinguisii  between  a  stupid  Bee  and  a  clever  Bee,  or 
between  a  good-tempered  Wasp  and  an  ill-tempered  Wasp,  simply  because 
all  their  actions  are  prompted  by  an  unvarjring  Instinct. 
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550.  In  estimating  the  relative  developTitent  of  the  Cerebrum  in  d 
tribes  of  Animals,  and  in  comparing  this  i^'itJj  their  relative  Intellij 
it  muBt  he  borne  in  mind  that  the  size  of  the  organ  does  not,  coneid^ 
alone,  aflbrd  a  means  of  acourate  judgment  as  to  its  powtir.  For  th 
quantity  of  vesicular  matter  which  it  contains,  affords  the  only  <kl 
criterion  of  the  latter;  and  of  this  we  must  judge,  not  merely  bj  th 
superlicial  area,  but  by  the  number  and  deptli  of  the  convolutioas^  £iii 
by  the  tliickness  of  the  cortical  layer.  Again,  tliere  are  many  reaaoi 
why  it  is  not  lair  to  estimate  the  relative  development  of  the  Cerebriu 
by  the  proportion  wliich  it  bears  to  the  whole  bulk  of  the  animal ;  an< 
on  the  whole,  the  most  accurate  baiiia  of  comparison  would  probably  hi 
affbrded  by  the  relation  between  tl>e  bulk  of  the  Cerebnuu  and  thj 
diameter  of  the  Spina!  Cord*  In  making  any  such  comptarisoii,  howevt?! 
the  Thalauii  Optici^  Corpora  Striata,  and  Corpora  Quadrigemina  shoul 
be  excluded  from  the  estimate,  !br  reasons  now  euiJicieitlly  apparenl; 
and  the  bulk  of  the  Cerebrum  proper  should  be  alone  determined^  eitht 
by  weight,  or  by  the  displacement  of  liquid. — But  the  Cerebrum  varig 
in  diiferent  classes  and  orders' of  Vertebra  ta,  not  merely  in  proportion! 
EiJ^e,  but  also  in  the  relative  development  of  its  anterior,  middle,  an 
posterior  lobes.  This  is  a  poiut  of  very  great  iin|30rtance,  iu  deterrainin 
the  value  to  be  assigned  to  the  organological  system  of  Gall  an 
Spurzheim  and  their  followers.  The  Cerebrum  of  the  Oviparous  Verta 
brata  is  nat  a  miniature  representative  o1^  that  of  Man,  aa  a  whole,  bt| 
tfnly  of  his  anterior  lobes ;  as  is  sufficiently  obvious  from  an  examiuatia 
of  its  connections  with  other  parts^  and  from  the  absence  of  any  otlie 
commissiu'al  connections  between  its  two  hemispheres  than  those  wkla 
are  aflforded  by  the  Sensory  Ganglia.  It  is  in  the  Implacental  ~ 
that  we  find  the  first  rudiment  of  the  middle  lobea  of  the  Cerebrtii 
of  the  proper  inter-cerebral  commissure^  the  Corpus  Callosum  j  am 
in  the  Rodents  this  is  but  very  imperfectly  developed.  As  we 
the  ^lammaliau  series,  we  find  the  Cerebnam  becoming  more  and  moi 
elongated  posteriorly  by  the  development  of  the  middle  lobes,  and  th 
inter-cerebral  commissure  becomes  mare  complete;  but  we  must  ascenj 
as  high  as  the  Camivora,  beibre  we  find  the  least  vestige  of  the  postefio 
lobes ;  and  the  rudiment  which  these  possess  is  so  rapidly  enlarged 
the  Quadrumana,  tliat  in  some  of  that  group  tlie  posterior  lobes  are 
fully  developed  in  reference  to  the  Cerebrum  as  a  w^hole^  and  as  coiHi 
■pletely  cover  in  the  Cerebelluni,  as  in  the  Human  subject,* — The  atten 
tion  which  has  yet  been  given  to  this  department  of  inquiry  ^  has  not  bilhert 
dome  more  than  confirm  the  statetneut  already  madci  with  regard  to  Ui 

*  It  ku  been  aj98erti>d  by  the  folio w«i«  of  Qt^^  thjit  tiie  de^eloptDont  at  the  Cerebri 
from  bebtad  forti'ardii,  aa  nbure  d«i^bed,  it  ifttber  »|»pftreni  tb*ti  real :  tho  wbc^bor^ 
being  m  fact  pIiAb<^d  bAekweu\l«  hf  tbd  axc^ii-rtt  dtvelopmeilt  vi  tbe  aaterior  lobe,  Bt 
tbe  atiAtoiDica]  digtiQcliua  between  tbe  tiiitenor  and  mUdie  lobe»  ib  suffic^ifislly  obviot 
exteL'nAlly  ;  and  tlmt  nf  the  middle  aud  (nj^terior  lubc^  ia  almi  l^lt^TIy  mpLrked-out  b^  iJ 
development  of  die  posteriur  cornoft  of  uUu  latej^  Tentfkdesj  and  tbe  »ituatioii  of  iJ 
bippacjiLn|iu6  lanjor.  Hence  the  fticta  aliove  stated  <h>  uvi  mlruU  of  i^ny  yiich  intorffr 
tittioii ;  rind  Uiej  are  fullj  bome-ont  bj  tbe  bbtory  of  tbe  Embrjonic  devtiL.|-iiji^nt  M'  tj 
Uet^brurn  in  Mi\n,  wbtcli  pr^ciselj  fulluirB  tbe  aboTcplaji. — It  ia  not  hej^  denied  thai  l^ 
naUrior  lobe  at  tbe  Baman  Cerebrum  ib  romarhable  (ar  ita  great  extenaiot}  /tfrttatHim 
but  itilj,  tbe  diiftrriLHice  butwiieo  tlie  Cerebruiii  of  Mau  a^id  tbat  of  tlie  lowrer  Mamninll 
ootiaiiti  mufib  rntber  id  tbe  proporiLoiml  deTdopmeat  of  tbe  piBterior  lobt»B|  tbau  ui  llh 
id  iJie  ftaterior.  -^ 
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general  correspondence  between  the  development  of  the  Cerebrum  and  the 
manifestations  of  Intelligence ;  very  decided  evidence  of  which  is  furnished 
by  the  great  enlargement  of  the  Cerebrum,  and  the  corresponding  alteration 
in  the  form  of  the  Cranium,  which  present  themselves  in  tiose  races  of  Dogs 
most  distinguished  for  their  educabiUty,  when  compared  with  those  whose 
condition  approximates  most  closely  to  what  was  probably  their  original 
state  of  wildness. 

557.  This  general  inference  drawn  from  Comparative  Anatomy,  is 
borne-out  by  observation  of  the  Human  species.  When  the  Cerebrum 
is  fully  developed,  it  offers  innumerable  diversities  of  form  and  size 
among  various  individuals ;  and  there  are  as  many  diversities  of  character-. 
It  may  be  doubted  if  two  individuals  were  ever  exactly  alike  in  this 
respect.  That  a  Cerebrum  which  is  greatly  under  the  average  size  is 
incapable  of  performing  its  proper  functions,  and  that  the  possessor  of  it 
must  necessarily  be  more  or  less  idiotic,  there  can  be  no  reasonable  doubt. 
On  the  other  hand,  that  a  large  well-developed  Cerebrum  is  found  to 
exist  in  persons  who  have  made  themselves  conspicuous  in  the  world 
in  virtue  of  their  intellectual  achievements,  may  be  stated  as  a  proposi- 
tion of  equal  generality.  In  these  opposite  cases,  we  witness  most  dis- 
tinctly the  antagonism  between  the  Instinctive  and  Voluntary  powers. 
Those  unfortunate  beings  in  whom  the  Cerebrum  is  but  little  developed, 
are  guided  almost  solely  by  their  instinctive  tendencies,  which  frequently 
manifest  themselves  with  a  degree  of  strength  that  would  not  have  been 
supposed  to  exist ;  and  occasionally  new  instincts  present  themselves,  of 
which  the  Human  being  is  ordinarily  regarded  as  destitute.*  On  the 
other  hand,  those  who  have  obtained  most  influence  over  the  understandings 
of  others,  have  always  been  large-brained  persons,  of  strong  intellectual 
and  volitional  powers,  whose  emotional  tendencies  have  been  subordinated 
to  the  reason  and  will,  and  who  have  devoted  their  whole  energy  to  the 
particular  objects  of  their  pursuit. — It  is  very  different,  however,  with 
those  who  are  actuated  by  what  is  ordinarily  termed  genius ;  and  whose 
influence  is  rather  upon  the  feelings  and  intuitions,  than  upon  the  under- 
standings, of  others.  Such  persons  are  oflen  very  deficient  in  the  power 
of  even  comprehending  the  ordinary  affairs  of  life;  and  still  more 
commonly  they  show  an  extreme  want  of  judgment  in  the  management 
of  them,  being  under  the  immediate  influence  of  their  passions  and 
emotions,  which  they  do  not  sufficiently  endeavour  to  control  by  their 
intelligent  will.  The  life  of  a  *  genius,'  whether  his  bent  be  towards 
poetry,  music,  painting,  or  pursuits  of  a  more  material  character,  is 
seldom  one  which  can  be  held-up  for  imitation.  In  such  persons,  the 
general  power  of  the  mind  being  low,  the  Cerebrum  is  not  usually  found 
of  any  great  size. — The  mere  comparative  size  of  the  Cerebrum,  how- 
ever, affords  no  accurate  measure  of  the  amount  of  mental  power ;  for 
we  not  unfrequently  meet  with  men  possessing  large  and  well-formed 
heads,  whose  psychical  capability  is  not  greater  than  that  of  others,  the 
dimensions  of  whose  crania  have  the  same  general  proportion,  but  are  of 

*  A  remarkable  instance  of  this  was  published  some  years  since  : — A  perfectly  idiotic 
girl,  in  Paris,  having  been  seduced  by  some  miscreant,  was  delivered  of  a  chUd  without 
assistance  ;  and  it  was  found  that  she  had  gnawed  the  umbilical  cord  in  two,  in  the  same 
manner  as  is  practised  by  the  lower  animak.  It  is  scarcely  to  be  supposed  that  she  had 
any  idea  of  the  object  of  this  separation. 
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much  leas  absolute  niie.  Large  brains,  with  daEcieat  actiFicj,  are 
oommxmlf  found  in  persona  of  what  has  been  termed  the  phlegmatic 
temperament,  in  whom  the  general  prooeasefl  of  life  @eem  in  a  torpi<] 
and  IndoJent  state ;  whilst  small  bmlnfl  and  gr^it  aiotivitj  betaken  what 
are  known  as  the  sanguine  and  nervous  temperamentB. 

558*  HAring  now  inquired  into  the  evidence  of  the  gBneral  Jiinctioiifl 
of  the  Cerebnini^  whi^h  may  be  derived  from  examination  of  its  Com- 
parati%'e  development,  we  proceed  to  our  other  sourcea  of  information, 
Experiment  and  Pathological  phenomena.  From  neither  of  these,  how- 
ever, m  much  positive  inlbrmation  to  be  derived. — All  the  results  of 
fizperiments  concm"  to  establish  the  fact,  that  no  irritation,  either  of  the 
Yeaicular  or  of  the  hbrotis  substance,  produces  either  gensation  or  motiom 
These  results  are  bome-out  by  pathological  observationa  in  Man ;  for  It 
has  been  frequently  remarked,  when  it  has  been  neceasaiy  to  separate 
pc^tnided  portions  of  the  Brain  from  the  remainder,  that  this  has  given 
rise  to  no  sensation,  even  in  eases  in  which  the  mind  has  been  perfectly 
clear  at  the  time,  nor  has  any  con^'ulsive  action  been  produced*  The 
reeults  of  partial  mutilations  are  usually,  in  the  first  instance,  a  general 
disturbance  of  the  Cerebral  fimctions;  which  subsequently,  however, 
more  or  leas  quickly  subsides,  leai'ing  but  little  apparent  affection  of 
the  animal  fimctions,  except  muscular  weakness.  The  whole  of  otm. 
HemisjiJiere  haa  been  removed  in  this  way,  without  any  evident  con 
qnence^  ^ve  a  temporary  ieeblene^  of  the  limba  on  the  opposite  mde  i 
the  body,  and  what  was  supposed  to  be  a  deficiency  of  sght  through  T 
oppoeite  eye.  llie  former  was  speedily  recovered-lrom»  and  the  anin 
peHbrmed  all  Its  movements  as  welt  as  before ;  the  latter,  however, 
permanenty  but  the  pupil  remained  active.  Wlien  the  upper  part  onll 
of  both  Cerebral  Hemispheres  was  removed  by  llertwigT  the  animal 
reduced,  for  tifleen  days,  to  nearly  the  same  condition  with  the  oni 
jroni  which  they  had  been  altogether  withdrawn  ;  but  afterwards  atsom^ 
biUiy  evidently  returned,  aod  the  muscular  power  did  not  appear  to  b<i| 
mnch  diminished. — The  effects  of  the  entire  removal  of  the  Cerebr;  ' 
Hemispheres  have  been  already  stated  (§512).  So  far  as  any  inferenc 
can  be  aaiely  drawn  from  them^  these  fidly  bear-out  the  conchtsion  th 
the  Cerebrum  is  the  organ  of  Intelligence  ;  since  the  ammals  which  havq 
gnffered  Uiis  mntilatton  appear  to  be  constantly  plunged  in  a  protbund 
sleep,  iToro  which  no  irritation  ever  seems  able  to  arouse  them  into  full 
activity,  although  ihey  give  manifestations  of  consciousness.  It  would 
be  wrong  hence  to  infer,  however,  as  some  liave  done,  that  such  would 
be  the  natural  condition  of  an  animal  without  a  Cerebrum ;  since  it 
obvious  that  much  of  the  distmrbance  of  the  eensorial  powers  which 
occasioned  by  this  operation,  is  fairly  attributable  to  the  laying-open  < 
die  cranial  cavity,  to  the  disturbance  of  the  normal  vascular  pressur 
and  to  the  injury  necessarily  done  to  the  parts  which  are  left,  by  theij 
severance  from  the  Cerebrum.  Hence  the  persistence  of  consciousnes%1 
wfler  the  entire  removal  of  the  Cerebrum,— which  proves  that  the  Cere* 
brum  is  not  its  seat,  or  at  least  not  it  si  exclimvi*  seat, — is  a  far  more  im- 
portant fact  than  the  positive  destruction  of  psychical  power  which  is 
consequent  upon  the  operation.  So  fiir  as  they  can  be  trusted,  however, 
the  results  of  such  mutilations  bear-out  the  views  already  put-forth,  as  to 
the  superadded  and  non-essential  character  of  the  Cerebrum  ;  and  justify 
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OB  in  applying  to  the  higher  animals  the  inferences  to  which  we  should 
be  led  bj  the  contemplation  of  those  forms  of  the  nervous  system  in 
which  no  Cerebrum  exists.  There  is  nothing,  therefore,  to  oppose  the 
conclusion,  that  whilst  sensations  may  be  felt,  and  sensori-motor  actions 
excited,  independently  of  the  Cerebrum,*  the  presence  of  this  organ  is 
essential  to  the  formation  of  ideas  or  notions  respecting  the  objects  of 
sense,  and  to  the  performance  of  those  psychical  operations  for  which 
ideas  fiimish  at  once  the  material  and  the  stimulus  to  activity. 

559.  The  information  afforded  by  Pathological  phenomena  is  equally 
fiur  from  being  definite.  Many  instances  are  on  record  in  which  extensive 
disease  has  occurred  in  one  Hemisphere,  so  as  almost  entirely  to  destroy 
it,  without  either  any  obvious  injury  to  the  mental  powers,  or  any  inter- 
ruption of  the  influence  of  the  mind  upon  the  body.  But  there  is  no 
case  on  record  of  any  such  severe  lesion  of  both  hemispheres,  in  which 
morbid  phenomena  were  not  evident  during  life.  It  is  true  that,  in 
Chronic  Hydrocephalus,  a  very  remarkable  alteration  in  the  condition  of 
the  Brain  sometimes  presents  itself,  which  might  a  priori  have  been  sup- 
posed destructive  to  its  power  of  activity ;  the  ventricles  being  so  enor- 
mously distended  with  fluid,  that  the  cerebral  matter  has  seemed  like  a 
thin  lamina  spread  over  the  interior  of  the  enlarged  cranium.  But  there 
is  no  proof  that  absolute  destruction  of  any  part  was  thus  occasioned ; 
and  it  would  seem  that  the  very  gradual  nature  of  the  change  gives  to 
the  structure  time  for  accommodating  itself  to  it.  This,  in  fact,  is  to 
be  noticed  in  all  diseases  of  the  Encephalon.  A  sudden  lesion,  that  may 
be  so  trifling  as  to  escape  observation  unless  this  be  very  careftdly  con- 
ducted, will  occasion  very  severe  83nnptoms;  whilst  a  chronic  disease  may 
gradually  extend  itself,  without  any  external  manifestation.  It  will 
usually  be  found  that  sudden  paralysis,  of  which  the  seat  is  in  the  Brain, 
results  from  some  slight  eflusion  of  blood  in  the  substance  or  in  the 
neighbourhood  of  the  Corpora  Striata;  whilst,  if  it  follow  dis(5rder  of  long 
standing,  a  much  greater  amoimt  of  lesion  commonly  presents  itself. 
In  either  case,  the  paralysis  occurs  in  the  opposite  side  of  the  body,  as  we 
should  expect  from  the  decussation  of  the  Pyramids ;  but  it  may  occur 
either  on  the  same,  or  on  the  opposite  side  of  the  face, — ^the  cause  of 
which  is  not  very  apparent.  If  convulsions  accompany  the  paralysis,  we 
may  infer  that  the  Corpora  Quadrigemina,  or  the  parts  below,  are  involved 
in  the  injury  ;  and  in  this  case  it  is  usually  found  that  the  convulsions 
are  on  the  paralyzed  side  of  the  body, — the  effect  of  the  lesion,  both  of 
the  Cerebrum  and  of  the  Corpora  Quadrigemina,  being  propagated  to  the 
opposite  side  by  the  decussation  of  the  Pyramids.  Where,  as  not  imfre- 
quently  happens,  there  is  paralysis  of  one  side  accompanying  convulsions 
on  the  other,  it  is  commonly  the  result  of  a  lesion  affecting  the  base  of 
the  Brain  and  Medulla  Oblongata  on  the  side  on  which  the  convulsions 
take  place :  here  the  effect  of  the  lesion  has  to  cross  from  the  Bndn, 
whilst  its  influence  on  the  Medulla  Oblongata  is  sliown  oh  the  same  side.  * 
Many  anomalies  present  themselves,  however,  which  are  by  no  means  eaay 
of  explanation,  in  the  present  state  of  our  knowledge. — The  disturbance 

*  It  is  worthy  of  remark,  that  M.  Flonrens,  who  in  the  first  instance  muntained  that 
sensation  is  altogether  destroyed  by  the  removal  of  the  Cerebrum,  has  substituted,  in  the 
Second  Edition  of  his  Researches,  the  word  perception  for  tetiMtion;  apparently  imply- 
ing exactly  what  is  maintained  above. 
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of  the  Cerebral  riuictioDB  occaaioned   by  tho£ie  changes  in  its  niitritiot] 
which  are  commonly  included   under   the  general  term  Iniiammadoii, 
presents  a  marked  diversity  of  character  according  to  the  part  it  alfectB. 
Thus  it  is  well  kno\Tii  that  the  DeUrium  of  excitement  is  usually  a  ^yinf 
tOM  of  inflammation  of  ihe  cortical  substance  or  of  the  membranes 
ihe  Hemispheres.     This  is  e:;cactlj  what  might  be  antici])ated  from  ' 
foregoing  premises^  dnce  thLs  condidon  is  a  perreraion  of  the  ordina 
mental  operations,  which  are  dependent  upon  ihe  instrumentality  of 
vesicular  matter  :  and  it  is  evidently  impoi^ible  for  the  membranes  to  1 
affected  with  inflammation,  without  the  nutrition  of  this  substani'e  beii*g 
impaired,  since  it  derives  all  its  vessels  directly  from  them.  On  the  oth*ji 
band  J  ijiflammatioa  of  the  fibrous  portion  of  the  Cerebrum  is  tisuallj 
attended  rather  with  a  state  of  torpor^  than  with  ejccitement ;  and  wiii 
diminished  j;>ower  of  the  will  over  the  muscles.     It  is  stated  bj  Fovilkt, 
that  in  acute  cases  of  Insanity,  he  has  usually  found  the  cortical  sub- 
stance  intcuaely  red,  but  without  adhesion  to  the  membranes ;  wliilst  in 
chi'onic  C4ises  it  is  indurated  and  adherent ;  hut  where  tlie  insajiity  ha* 
been  complicated  with  Paarailysis,  he  has  iisuaUy  found  tlic  medullary  por- 
tion indurated  and  congested, 

560.  Tlie  general  result  of  such  investigations  is,  that  the  Cerebrmm  i 
the  inatrmueut  of  all  those  psi/chical  operationfl»  which  we  include  under 
the  general  term  Ifitxlhctunl^  whilst  it  also  aiTords,  in  jiart  at  least,  tln! 
instrumental  conditions  o(  EmQtkmal  states;  and  that  all  those  niuscula 
movements  which  result  irom  vohintttrff  determinations,  or  which  ari 
directly  consequent  upon  emotional  excitement,  have  their  origin  in  its 
vesicular  suhatance,  though  the  motor  impulse  is  immediately  fumiahod 
by  tl^ie  Cranio- Spinal  aiijiaratna,  ujion  which  the  Cerebrum  plays  (|  /^j'^;  ;.. 
It  does  not  hence  fblloWt  how^ever,  that  the  Cerebrum  hjis  such  a  tln-ct. 
relation  to  the  Mind,  tluit  the  consciousness  is  Iniinediately  and  ne 
rily  affected  by  changes  taking-place  in  its  own  substiinoe  f  and,  howevfl 
startling  the  proposition  may  at  flrst  sight  appear,  that  the  organ  of  tlie 
intellectual  operations  is  not  itself  endowed  with  consciousness,  a  careful 
consideration  of  the  relations  of  the  Cerebrum  to  the  Sensory  Ganglia 
will  tend  to  show  that  there  is  no  a  priori  abaimiity  in  such  a  notion. 
For  ii*t)»e  connection  of  the  vesicular  matter  of  the  Cerebral  Ileniisiiherce 
with  the  Sensorial  Centres,  be  anatonncally  the  same  as  tlmt  which  exists 
between  these  centres  and  the  lEetina  or  any  other  peripberal  expansion 
of  Vesicular  matter  in  an  orgjm  of  sense,  which  we  have  seen  that  it  is 
(§  bVJ), — and  if  die  ajmie  kind  of  change  may  be  excited  in  the  Senso- 
rial Cditres  by  an  impreaaioii  from  each  source,  which  has  been  shown 
to  be  a  matter  of  common  oocurrence  (§  532), — it  can  scarcely  be  deemed 
unlikely  that  the  Sensodid  Centres  should  be  the  seat  of  consciousness, 
not  merely  ibr  the  impreeaiona  transmitted  to  thein  by  Uie  nerves  of  the 
external  senses,  but  also  for  the  impressions  brought  lo  thein  by  the 
'nerves  of  the  internal  senses,'  as  we  may  designate  (ailer  Rcil)  the  radiating 
fibres  of  the  Cerebral  Hemispheres  (§  64*T)*  And  ihere  is  on  the  othcn* 
hand  an  a  priori  improbability  that  there  should  be  iwa  seats  of  consci- 
ousness,  so  lar  removetl  from  one  another  as  tli©  Sensory  Ganglia  and 
the  vesicular  snrlace  of  the  Hemispheres  (for  to  their  medullary  gubatunoe 
no  micli  attribute  can  l>e  assigned  with  tlio  least  probiihility) ;  an  idea 
which  is  qtiit«  at  variance  with  that  very  simple  and  familiar  elasg  of 
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phenomena,  which  consists  in  the  recollection  of  sensations.  For  the 
remembered  sensation  is  so  completely  the  reproduction  of  the  original, 
that  we  can  hardly  suppose  the  seat  of  the  two  to  be  different ;  yet  the 
act  of  recollection  is  clearly  Intellectual,  and  therefore  Cerebral ;  conse- 
quently, if  we  admit  that  the  Sensory  Ganglia  are  the  seat  of  the  original 
sensation,  we  can  scarcely  but  admit  that  they  are  also  the  seat  of  that 
which  is  reproduced  by  a  Cerebral  act, — ^a  view  which  is  fully  confirmed 
by  the  occurrence  of  automatic  movements  as  consequences  of  its  recal 
(§  532).  And  a  careful  analysis  of  our  own  mental  operations  will 
often  supply  evidence  of  the  evolution  of  results,  such  as  ordinarily 
proceed  from  intellectual  action,  without  any  consciousness  on  our  own 
parts  of  the  steps  whereby  these  are  attained. 

561.  Without  presiuning,  then,  to  affirm  positively  what  cannot  be 
proved,  it  may  be  stated  as  a  probable  inference  from  the  facts  already 
referred- to,  that  the  Sensory  Ganglia  constitute  the  seat  of  consciousness,  not 
merely  for  impressions  on  the  Organs  of  Sense,  but  also  for  changes  in  the 
cortical  substance  of  the  Cerebnun ;  so  that,  imtil  the  latter  have  reacted 
downwards  upon  the  Sensorium,  we  have  no  consciousness  either  of  the 
formation  of  ideas,  or  of  any  intellectual  process  of  which  these  may  be 
the  subjects. — Ideas,  Emotions,  Intellectual  operations,  &c.  have  of  late 
been  frequently  designated  as  *  states  of  consciousness;'  and  this  psycho- 
logical description  of  them  is  in  full  harmony  with  the  physiological 
accoimt  here  given  of  the  material  conditions  imder  which  they  respec- 
tively occur.  For  as  a  Sensation  is  a  state  of  consciousness  excited 
through  the  instrumentality  of  the  Sensoriimi,  by  a  certain  change  (e.g,)  in 
the  condition  of  the  Retina,  it  is  not  difficult  to  imderstand  how  a  change 
in  the  condition  of  the  Cerebrum  may  excite,  through  the  same  instru- 
mentality, that  state  of  consciousness  which  may  be  termed  Ideational,* 
or  that  another  change  may  produce  the  Emotional  consciousness,  another 
the  Intuitional  consciousness,  another  the  Logical  consciousness.  And 
although  it  may  be  thought  at  first  sight  to  be  a  departure  from  the  sim- 
plicity of  Nature,  to  suppose  that  the  Cerebnun  should  require  another 
organ  to  give  us  a  consciousness  of  its  operations,  yet  we  have  the  know- 
ledge that  the  Eye  does  not  give  us  visual  consciousness,  nor  the  Ear 
auditory  consciousness,  unless  they  be  connected  with  the  Sensory  Gan- 
glia; and  in  the  end  (the  Author  feels  a  strong  assurance)  it  will  be  found 
much  simpler  to  accept  the  doctrine  of  a  common  centre  for  sensational 
and  for  what  may  be  distinguished  as  mental  consciousness,  than  to 
regard  the  two  centres  as  distinct,  f 

*  The  Author  yentiires  to  use  this  term,  the  meaning  of  which  requires  no  explanation, 
on  the  authority  of  Mr.  James  Mill,  who  remarks, — '*  As  we  say  Sensation,  we  might  also 
say  Ideation  ;  it  would  be  a  very  useful  word ;  and  there  is  no  objection  to  it,  except  the 
pedantic  habit  of  decrying  a  new  term.  Sensation  is  the  general  name  for  one  part  of 
our  constitution  [or  rather,  for  one  state  of  our  consciousness],  Ideation  for  another.*' 
("  Analysis  of  the  Human  Mind,"  vol.  i.  p.  42.) — If  the  use  of  the  substantive  Ideation 
be  admitted,  there  can  be  no  reasonable  objection  to  the  adjective  ideational. 

t  It  may  serve  to  give  additional  confidence  in  the  views  above  propounded,  if  the 
Author  mentions  that  he  was  led  by  them  to  predict  the  psychological  phenomena 
referrcd-to  at  the  end  of  §  560,  of  which  he  was  not  at  the  time  aware  as  facts,  but 
of  which  he  afterwards  became  assured  by  the  analysis  of  his  own  consciousness,  and 
by  the  communicated  experience  of  others  to  whom  he  stated  the  question. — An  interest- 
ing and  suggestive  paper  by  Mr.  Lockhart  Clarke,  *  On  the  Nature  of  Volition,'  will 
be  found  in  the  **  Psychological  Journal"  for  October,  1862. 
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562*  It  ia  a  peculiar  feature  in  the  ph^^siology  of  the  Cerebral  and 
Setisorial  Gatigliar  tliat  their  activity  undergoes  &  i>eriodical  suspeuHion, 
more  or  less  complete ;  the  necessity  for  this  suspension  arising  out  of  the 
feet  that  the  exerciae  of  their  functions  is  in  itself  destructive  to  their 
ftubetance,  so  that,  if  this  be  not  replaced  by  nutz-itiv^e  regeneration,  they 
fpeedOy  become  incapacitated  for  further  use.  The  interesting  researches 
of  Mr*  Arthur  Durham*  on  tlie  condition  of  the  circulation  in  tlie  Brain 
during  aleepj  have  shown  that  the  brain  is  then  in  an  essentially  hloodleea 
condition,  and  that  not  onlj  the  quantity  but  the  rajaiditv  of  moveaieQt 
of  the  blood  in  the  vessels  is  materially  diminished ;  and  this  is  corrobo- 
rated by  the  observations  of  Dr,  J.  Hugh  Lings  Jackson  on  the  ophthalirio* 
acopic  condition  of  the  Retina  during  sleep^f  tlie  optic  disc  being  tJic^n 
whiter,  the  arteries  smaller i  the  veins  somewhat  larger,  and  the  neigh • 
bouring  [>art  of  tlie  retina  more  anj^mic,  than  in  the  waking  state*  In 
ordinary  profoimd  Sleep  there  is  a  state  of  complete  unconsciousneiss,  po 
$IT  as  ^Mernal  phenomena  are  concerned  ;  no  ordinary  impressions  upon 
the  organs  of  sense  being  either  felt  or  perceived ;  although  an  extraordi- 
nary impression,  or  even  an  Imliitual  one  upon  which  the  attention  lias 
been  previously  fixed  as  that  at  which  the  slum!>erer  is  to  awoke  hims<?lf 
(§  569),  occasions  a  renewal  of  sensorial  activitj\  It  is  in  this  capability 
of  being  aroused  by  external  impressions,  that  the  chief  difference  Has 
between  Sleep  and  the  abnormal  condition  of  Coma,  whether  this  arise 
from  the  influence  of  pressure  or  effusion  within  the  cranium,  or  be  con- 
eequent  u|K>n  the  poisoning  of  the  blood  hy  narcotic  substances,  or  follow 
&  previous  state  of  abnormal  activity  of  the  brain,  such  a&  Delirium, 
Between  these  two  conditions,  however,  every  gradation  may  bn 
Been;  as  in  the  gradually -in  creasing  torpor  which  results  from  slow 
effusiDti  within  the  cranium,  the  gradual  loss  of  susceptibihty  to  external 
irapreaeions  which  is  obser^-^ed  after  an  over-dose  of  a  narcotic,  and  tlit^ 
intensifiaitiou  of  ordinary  sleep  which  is  consequent  upon  extreme  previona 
fetigae.  But  it  is  a  matter  of  doubt,  whether  the  euspensioD  of 
aensorial  consciousneas  is  equally  complete  as  regards  internal  or  Cerebral 
changes ;  tor  some  are  of  opinion  that,  even  in  the  most  profound  sleepi 
we  atill  dream,  although  we  may  not  remember  our  dreams ;  whilst  otliera 
(and  among  tliese  the  Author  would  rank  himself)  consider  that  dreaming 
ij  a  mark  of  imperfect  sleep,  and  th^t,  iu  proibimd  ordinary  sleep,  tlic 
Cerebrum,  in  common  with  the  Sensory  Ganglia,  is  in  a  state  of  complete 
ftinctional  inactivitj\  When  Dreaming  takes  place,  there  3S  usually  a  less 
complete  exclusion  of  aensory  impressions,  although  the  perceptive  con- 
aciousnefls  may  be  entirely  suspended ;  80  thiit  the  course  of  the  dreani 
may  be  influenced  by  them,  although  the  mind  is  not  cons<;iona  of  them 
as  such  (§  574).  If  this  be  the  true  account  of  the  ease,  we  may  consider 
that  in  proii nmd  Sleep  the  functional  activity  of  tfie  Cerebrum  tind  of  tlie 
Sensory  Ganglia  m  alike  suspended ;  but  that  in  Dreaming  the  Cerebrum 
is  partiaUy  active,  wlukt  tlie  Sensoriiuu  isi  in  £uch  a  condition  of  recep* 


•  ■*  Guj*a  Hospital  fi^porte,**  Third  Serieft,  vol.  tI, 
i*  See  "  B^i^  Loud^  Ophth.  Hosp.  R«purta/* 
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tiyity  for  Cerebral  (subjectiye)  impressions  that  the  mind  becomes  directly 
conscious  of  them,  though  it  only  becomes  conscious  of  (objective)  im- 
pressions made  upon  the  Organs  of  Sense,  after  their  influence  has  been 
transmitted  through  it  to  the  Cerebrum,  and  has  been,  as  it  were, 
reflected-back  by  tiiat  organ.  It  is,  in  &ct,  by  their  influence  upon  the 
current  of  ideas,  and  not  by  their  power  of  exciting  sensations,  that  we 
recc^nize  their  operation  imder  such  circumstances. 

563.  The  state  of  Sleep  is  one  to  which  there  is  beyond  doubt  a 
periodical  tendency ;  for,  when  the  waking  activity  has  continued  during 
a  considerable  proportion  of  the  twenty-four  hours,  a  sense  of  &tigue  is 
usuaUy  experience,  which  indicates  that  the  brain  requires  repose ;  and 
it  is  only  imder  some  very  strong  physical  or  moral  stimulus,  that  the 
mental  energy  can  be  sustained  through  the  whole  cycle.  In  fkct,  unless 
some  decidedly  abnormal  condition  of  the  Cerebrum  be  induced  by  the 
protraction  of  its  fimctional  activity.  Sleep  will  at  last  supervene,  from 
the  absolute  inability  of  the  organ  to  sustain  any  farther  demands  upon 
its  energy,  even  in  the  midst  of  opposing  influences  of  the  most  powerful 
nature.*  That  the  strongest  Volitional  determination  to  remain  awake 
is  forced  to  give- way  to  Sleep,  when  this  is  required  by  the  exhaustion  of 
nervous  power,  must  be  within  the  experience  of  every  one ;  and  the  only 
way  in  which  the  Will  can  even  retard  its  access,  is  by  determinately 
fixing  the  consciousness  upon  some  definite  object,  and  resisting  every 
tendency  in  the  thoughts  to  wander  from  this.  It  does  not  appear  to  be 
of  any  consequence,  whether  this  exhaustion  be  produced  by  the  active 
exercise  of  volition,  reflection,  emotion,  or  simple  sensation ;  still  we  find 
that  the  volitional  direction  of  the  thoughts  in  a  course  difierent  from 
that  in  which  they  tend  spontaneously  to  flow,  is  productive  of  far  more 
exhaustion  than  the  automatic  activity  of  the  mind ;  whilst,  on  the  other 
hand,  the  excess  of  automatic  activity,  whether  as  regards  the  intellectual 
operations  or  emotional  excitement,  tends  to  prevent  sleep.  This  is  par- 
ticularly the  case  when  the  feelings  are  deeply  interested;  thus  the 
strong  desire  to  work-out  a  result,  or  to  complete  the  survey  of  a  subject, 
is  often  sufficient  to  keep-up  the  intellectual  activity  as  long  as  may  be 
requisite  (a  state  of  restlessness  indeed  being  ofien  induced,  which 
prevents  the  access  of  sleep  for  some  time  longer) ;  so,  again,  anxiety  or 
distress  is  a  most  frequent  cause  of  wakefulness ;  and  it  is  generally  to  be 
observed  that  the  state  of  suspense  is  more  opposed  to  the  access  of  sleep, 

*  Thus  it  is  on  record,  that,  during  the  heat  of  the  battle  of  the  Nile,  some  of  the 
orer-fatigned  boys  fell  asleep  upon  the  deck :  and  during  the  last  attack  upon  Rangoon, 
the  Captain  of  one  of  the  war-steamers  most  actively  engaged,  worn-out  by  the  excess  of 
continued  mental  tension,  fell  asleep,  and  remained  perfectly  unconscious  for  two  hours, 
within  a  yard  of  one  of  his  largest  guns,  which  was  b^ing  worked  energetically  during  the 
whole  period. — So  even  the  severest  bodily  pain  yields  before  the  imperative  demand  occa- 
sioned by  the  continued  exhaustion  of  the  powers  of  the  sensorial  centres ;  thus  Damiens 
slept  upon  the  rack,  during  the  intervals  of  his  cruel  suflferings ;  the  North  American 
Indian  at  the  stake  of  torture  will  go  to  sleep  on  the  least  remission  of  agimy,  and  will 
slumber  until  the  fire  is  applied  to  awaken  him ;  and  the  Medical  Practitioner  has  frequent 
illustrations  of  the  same  fact. — That  the  continued  demand  for  muscular  activity  is  not 
inoompatible  with  the  access  of  sleep,  is  obvious  from  what  has  been  already  said  of  the 
persistence  of  the  automatic  movements  in  that  condition  ;  it  is  well  known  that, 
previously  to  the  shortening  of  the  hours  of  work,  factory  children  frequently  fell  asleep 
whilst  attending  to  their  machines,  although  well  aware  that  they  should  incur  severe 
punishment  by  doing  so. 
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than  tlj6  gr^test  joy  or  the  direst  calamity  wbon  certainty  has 
attained.*  Bxit  although  an  exoesa  of  automatic  Activity  is  opposed, 
long  as  it  continue^  to  the  aoc^s  of  aleep,  yet  it  cannot  be  lotjg  protracteil 
without  occasioning  an  extreme  exhaustion  of  nervous  power^  whidi 
neceisitates  a  long  period  of  tranquilUty  for  its  coroplete  restoration ♦ 

564,  Whilst,  however,  the  nece^tty  for  Sleep  ariees  out  of  the  state 
of  tJie  nervous  eystem  itself,  there  are  oertaii]  extenjal  conditions  which 
CtbYoiir  Its  aeoese;  and  these,  in  common  parlance^  are  termed  its  predis^ 
posing  causes.  Among  the  most  poTrerfnl  of  these,  is  the  ab^enee  of 
sensorial  inipreadons ;  thus,  darkness  andsUenoe  usually  promote  repose; 
and  tlie  cessatiou  of  the  sense  of  muscular  effort,  which  takes- place  when 
we  assume  a  position  that  is  sastained  without  it,  is  no  less  c^^nducjve  to 
slumber*  There  are  cases,  however,  in  which  the  contimtatie^  of  an 
accustomed  sound  is  neeesaary,  instead  of  positive  eiletice,  the  cessation 
of  the  sound  being  a  complete  prevent! %*©  of  deep ;  tlius  it  happens  tliat 
persons  living  in  the  neiglihourhood  of  tlie  noisiest  mills  or  forges  ctiiinot 
readily  sleep  elaewhere.  Such  cases  are  referable  either  to  the  iniJuenoo 
of  hfibit,  which  causes  the  attention  of  the  individual  to  be  more  alirstcted 
by  tJie  Biispension  of  the  sound  than  by  its  continuance ;  or  to  the  ^ict 
that  the  tnonolofious  repetition  of  sensorial  impressions  is  often  m^ore 
^ivourabla  to  sleep  than  their  complete  absence.  Thus  it  is  within  the 
experience  of  every  one,  that  the  droning  voice  of  a  heavy  reader  on  a 
dull  subject  is  often  a  most  effectual  hypnotic  ;  in  like  manner,  the  ripple 
of  the  calm  ocean  on  the  shore,  the  sound  of  a  distant  waterfall,  tlie 
rustling  of  foliage,  the  hum  of  bees,  and  similar  impressions  upon  the 
auditory  sense,  are  usuaJly  favourtible  to  sleep ;  and  die  muscular  nnd 
tactile  senses  may  be  in  like  manner  aifected  by  an  uniform  "^ccedsioQ 
of  gentle  movements,  as  we  see  in  die  mode  in  which  nurses  *  hnsh-off' 
inJants,  or  in  the  practice  of  gently  mbbing  some  part  of  the  body  which 
has  been  successfully  employed  by  many  who  oouJd  not  otherwise  com- 
pose t^hemselves  to  sleep.  The  reading  of  a  dull  book  acts  in  the  same 
mode  through  the  visual  sense ;  for  liie  eyes  wander-on  from  line  to  linev 
and  from  page  to  page,  receiving  a  aeries  of  sensorial  impressions  whidi 
are  themselves  of  a  very  monotonous  kind,  and  whicli  only  tend  to  keep 
the  attention  alive  in  proportion  as  they  excite  interest  big  itlcas, 

565.  In  these  and  similar  cases  die  io^uence  of  external  imprest  otis 
would  seem  to  be  exerted  in  withdrawing  the  mind  from  Uie  tlistlnct 
consciousness  of  its  own  operations  (the  loss  of  which  is  tlie  transition- 
state  towards  that  of  complete  uncDnsciotusness),  and  in  suspending  tiie 
directing  power  of  the  Will-  And  this  is  die  case,  even  where  the  atten* 
tion  is  in  the  ^rst  instance  voiuniaril^  directed  to  them ;  as  in  some  of 
the  plans  whicli  have  been  recommended  for  the  induction  of  sleep,  when 
there  exists  no  spontaneous  disposition  to  it.  In  other  methods,  t\m 
attention  is  fixed  ujion  some  internal  train  of  thought,  which,  when  once 
set-going,  may  be  carried -on  automatically  \  such  as  counting  numbers, 
or  repeating  a  French,  Latin,  or  Greek  verb.  In  either  case,  when  tli© 
sensorial  consciousness  has  been  once  steadily  fixecl,  the  monotoBy  of  the 

•  ThtiB  it  ifi  a  P&tnmon  ob«erv»tion,  tbiit  erimiiial*  tindtr  teBtetw^e  of  ^ettli  alMp  badly 
00  lotig  M  tbojT  entertain  nny  bope»  of  %  repiievcr ;  but  when  oii(!«  th^j  ftre  stitiafied  lh«i 
tlieir  death  iv  iaeviuble,  thej  usually  sleep  more  aoitDdl;,  and  this  eTCU  on  the  Tery  IjaM 
oiglit  of  their  lirett 
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impression  (whether  received  from  the  Organs  of  Sense,  or  from  the 
Cerebrum)  tends  to  retain  it  there;  so  that  the  Will  abandons,  as  it 
were,  all  control  over  the  operations  of  the  mind,  and  allows  it  to  3deld 
itself  up  to  the  soporific  influence.  This  last  metiiod  is  peculiarly  effec- 
tual when  the  restlessness  is  dependent  upon  some  mental  agitation; 
provided  that  the  Will  has  power  to  withdraw  the  thoughts  from  the 
exciting  subject,  and  to  reduce  them  to  the  tranquillizing  state  of  a  mere 
mechanical  repetition. 

566.  The  access  of  Sleep  is  sometimes  quite  sudden ;  the  individual 
passing  at  once  from  a  state  of  complete  mental  activity  to  one  of  entire 
torpor.  More  generally,  however,  it  is  gradual ;  and  various  intermediate 
phases  may  be  detected,  some  of  which  bear  a  close  resemblance  to  the 
state  of  Reverie.  The  same  may  be  said  with  regard  to  the  transition 
from  the  state  of  Sleep  to  that  of  wakeful  activity  ;  and  this  also  may  be 
sudden  and  complete,  although  it  usually  consists  of  a  succession  of 
stages, — the  complete  consciousness  of  the  individual's  relation  to  the  ex- 
ternal world,  and  the  power  of  directing  his  thoughts  and  actions  to  any 
subject  about  which  he  may  be  required  to  exert  himself,  being  the  last 
to  return  to  him.  There  may  be  a  rapid  alternation  of  these  different 
states ;  the  loss  and  recovery  of  the  waking  consciousness  being  many 
times  repeated  in  the  course  of  a  few  minutes,  when  the  circumstances 
are  such  as  to  prevent  the  access  of  profound  sleep  by  the  recurrence  of 
sensory  impressions ;  as  when  a  man  on  horseback,  wearied  from  want  of 
rest,  lapses  at  every  moment  into  a  dozing  state,  from  which  the  loss  of 
the  balance  of  his  body  as  frequently  and  suddenly  arouses  him;  or  when 
a  man  going  to  sleep  in  a  sitting  posture,  gradually  loses  the  support  of 
the  muscles  which  keep  his  head  erect,  his  head  droops  by  degrees  and  at 
last  &lls  forward  on  his  chest,  and  the  slight  shock  thence  ensuing  par- 
tially arouses  and  restores  his  voluntary  power,  which  again  raises  the 
head.  Similar  fluctuations  occur  in  the  sensory  perceptions ;  and  these 
may  be  often  artificially  induced  by  very  simple  means.  "  We  find,  for 
example,  one  condition  of  sleep  so  light,  that  a  question  asked  restores 
consciousness  enough  for  momentary  imderstanding  and  reply ;  and  it  is 
an  old  trick  to  bring  sleepers  into  this  state,  by  putting  the  hand  into  cold 
water,  or  producing  some  other  sensation,  not  so  active  as  to  awaken,  but 
sufficient  to  draw  the  mind  from  a  more  profound  to  a  lighter  slimiber. 
This  may  be  often  repeated,  sleep  still  going  on  ;  but  make  the  sound 
louder  and  more  sudden,  and  complete  waking  at  once  ensues.  The  same 
with  other  sensations.  Let  the  sleeper  be  gently  touched,  and  he  shows 
sensibility,  if  at  all,  by  some  slight  muscular  movement.  A  ruder  touch 
excites  more  disturbance  and  motion,  and  probably  changes  the  current 
of  dreaming ;  yet  sleep  will  go  on ;  and  it  often  requires  a  rough  shaking, 
particularly  in  young  persons,  before  full  wakefulness  can  be  obtained." 
♦  ♦  *  "  It  is  certain  that  the  faculties  of  sensibility  and  volition  are  often 
unequally  awakened  from  sleep.  The  case  may  be  stated,  familiar  to 
many,  of  a  person  sleeping  in  an  upright  posture,  with  the  head  falling 
over  the  breast ;  in  whom  sensibility  is  suddenly  aroused  by  some  ex- 
ternal impression,  but  who  is  unable,  for  a  certain  time,  to  raise  his  head, 
though  the  sensation  produced  by  this  delay  of  voluntary  action  is  singu- 
larly distressing.*'     These  various  cases,  it  is  justly  remarked  by  Sir  H. 
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Holland,*  depending  aeveralij  on  the  intensity  of  deep,  and  on  the  kind 
and  degree  of  the  external  exciting  canses,  wiU  be  ibund  to  expkiii  umnj 
of  those  scKcalled  Mesmeric  phenomena,  which  are  offered  to  us  under  a 
widely  different  interpretation.  And  it  may  be  here  remarked j  tliat 
amoag  those  intermediate  etates  between  sleep  and  waking,  which  either 
occur  aponttmeoiisly,  or  can  be  induced  in  uumeroiia  individuals  by  Tery 
simple  processes,  there  are  aeTeral  whieh  exhibit  peculiarities  that  are  not 
in  fJiemselvea  in  the  leaat  degree  l^a  Temarkable,  than  nre  those  which 
are  r^arded  with  so  much  wonder  by  the  uninformetl  observer,  when 
induced  by  the  asserted  Mesmeric  influence^  and  paraded  as  spetuiiiens  of 
ita  power, 

567,  It  is  unquestionable  that  the  supervention  of  Sleep  may  be  pro- 
moted by  the  Btrong  previous  expectation  of  it ;  and  this  is  true,  not 
merely  of  ordinary  aleep,  but  of  the  states  of  artificial  Keverie  and  Som- 
nambulism formerly  described*  Eveiy  one  knows  the  iniiuenoe  of  habit, 
not  only  in  repjd  to  '  time,"  but  also  as  to  '  place  and  circumstatice,*  iu 
predisposing  to  Sleep.  Thus,  the  celebrated  pedestrian  Capt,  Bare  Jay, 
when  accomplishing  his  extraordinary  feat  of  walking  1000  miles  in  ad 
many  succeaaive  hoars,  obtained  at  last  such  a  mastery  over  himselJ*  that 
he  felt  asleep  the  instant  he  lay  down.  And  the  sleep  of  soliiiers,  sailora^ 
and  others,  who  are  prevented  by  *duty^  from  obtaining  regular  perioda  of 
repose,  but  are  obliged  to  take  their  rest  at  short  intervals,  may  be  almost 
said  to  come  at  command ;  nothing  more  being  necessary  to  induce  it,  tlian 
the  placing  the  body  in  an  easy  position,  and  the  closiu'e  of  the  eye^  It 
is  rdated  that  the  Abb^  Faria,  who  acquired  notoriety  through  hia  power 
of  inducing  somnambulism,  was  accustomed  merely  to  place  his  [:iatient 
in  an  arm-chair,  and  then,  after  telling  him  to  shut  his  eyes  and  collect 
himseh',  to  pronounce  iji  a  strong  voice  and  imperative  tone  the  word 
**  dormez,"  whicli  was  usually  succeaaful.  The  Author  has  had  frequent 
opporttmities  of  satisfying  himself ^  that  the  greater  success  which  attended 
the  ^  hypnotic^  mode  of  inducing  somnambuhsni,  in  the  hands  of  Mr. 
Braid,  its  discoverer,  than  in  that  of  others,  partly  lay  in  the  mental 
condition  of  his  subjects,  who  came  to  him  for  the  most  p^  under  the 
confident  expectation  of  its  producdon,  and  were  further  assured  by  a  nian 
of  Tety  detennined  will,  that  it  could  not  be  resisted.']'  And  it  is  one  of  the 
most  curious  phenomena  of  the  state  of  induced  Reverie,  absurdly  caOed 
^  biological,^  that,  in  many  subjecta  at  least,  sleep  mnj  lie  induced  in  » 
minute  or  less,  by  the  positive  assurance,  with  which  tlie  mind  of  the 
individual  becomes  possessed,  that  it  will  and  mtisi  supervene, 

568.  The  influence  of  previous  mental  states  ia  yet  more  remarkable, 
in  determining  the  effects  produced  upon  the  sleeper  by  different  sensory 
impressions.  The  general  rule  is,  that  habitual  impressions  of  any  kind 
have  much  less  effect  in  arousing  the  slumberer,  ilian  those  of  a  new  or 
imaccustomed  character.  An  amtising  instance  of  this  kind  has  been 
related  to  the  Author,  which,  even  if  not  literaUy  true,  serves  extremely 

*  S«e  fajH  excellent  Ohapitfr  on  'IQeep/  from  wfaich  the  Above  c^rtmeta  are  t«keti»  ia  Mm 
**  Mt^licAl  NgtCT  wid  Eefleeiioiis,"  and  V\h  "  Qmpten  on  Meativl  Phymolopy;*- 

+  A  Tcrj  amtiiiag  inKtonce  ia  which  Sleep,  h^Tiog  heeo  previnuslj  indaetHl  ty  tlie  ordl- 
Dftiy  *  mefflneric'  nod  tlien  by  the  'hypnotic'  processet,  waa  broaght-on  by  the  dmple  belief 
that  a  tiev  proem  waa  btlog  put  in  pmcttoe,  will  be  fonnd  la  the  "Brtt.  and  For.  Med. 
Iw.,"  TciL  MI,  p.  477. 
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well  as  an  illustration  of  what  is  nnquestionably  the  ordinary  feet.  A 
gentleman  who  had  taken  his  passage  on  board  a  ship  of  war,  was  aroused 
on  the  first  morning  by  the  report  of  the  morning  gun,  which  chanced  to 
be  fired  just  above  his  berth;  the  shock  was  so  violent  as  to  cause  him  to 
jump  out  of  bed.  On  the  second  morning,  he  was  again  awoke,  but  this 
time  he  merely  started  and  sat-up  in  bed ;  on  the  third  morning,  the 
report  had  simply  the  effect  of  causing  him  to  open  his  eyes  for  a  moment, 
and  turn  in  his  bed ;  on  the  fourth  morning,  it  ceased  to  affect  him  at 
all ;  and  his  slumbers  continued  to  be  imdisturbed  by  the  report,  so  long 
as  he  remained  on  board.  It  often  happens  that  sleep  is  terminated  by 
the  cessation  of  an  accustomed  sound,  especially  if  this  be  one  whose 
monotony  or  continuous  repetition  had  Ij^n  the  original  inducement  to 
repose.  Thus,  a  person  who  has  been  read  or  preached  to  sleep,  will 
aWake,  if  his  slumber  be  not  very  profoimd,  on  the  cessation  of  the  voice; 
and  a  naval  oflScer,  sleeping  beneath  the  measured  tread  of  the  watch  on 
deck,  will  awake  if  that  tread  be  suspended. — In  this  latter  case,  the 
influence  of  the  simple  cessation  of  the  impression  will  be  augmented  by 
the  circumstance  next  to  be  alluded-to,  which  has  received  too  little 
attention  from  writers  on  this  subject,  but  which  is  of  peculiar  interest 
both  in  a  physiological  and  psychological  point  of  view,  and  is  practically 
familiar  to  almost  every  one. 

569.  The  awakening  power  of  sensory  impressions  is  greatly  modified 
by  our  habitual  state  of  mind  in  regard  to  them.  Thus,  if  we  are  accus- 
tomed to  attend  to  these  impressions,  and  our  perception  of  them  is  thus 
increased  in  acuteness,  we  are  much  more  easily  aroused  by  them,  than 
we  are  by  others  which  are  in  themselves  much  stronger,  but  which  we 
have  been  accustomed  to  disregard.  Thus,  most  sleepers  are  aroused  by 
the  soimd  of  their  own  names  uttered  in  a  low  tone,  when  it  requires  a 
much  louder  soimd  of  a  different  description  to  produce  any  manifestation 
of  consciousness.  The  same  thing  is  seen  in  comatose  states ;  a  patient 
being  often  found  capable  of  being  momentarily  aroused  by  shouting  his 
name  into  his  ear,  when  no  other  sound  produces  the  least  effect. — The 
following  circumstance,  communicated  to  the  Author  by  the  late  Sir 
Edward  Codrington,  is  a  most  apposite  illustration  of  this  principle. 
When  a  young  man,  he  was  serving  as  signal-lieutenant  imder  Lord  Hood, 
at  the  time  when  the  French  fleet  was  confined  in  Toulon  harbour  ;  and 
being  desirous  of  obtaining  the  favourable  notice  of  his  commander,  he 
devoted  himself  to  his  duty  (that  of  watching  for  signals  made  by  the 
look-out  frigates)  with  the  greatest  energy  and  perseverance,  often  re- 
maining on  deck  nineteen  hours  out  of  the  twenty-four,  with  his  atten- 
tion constantly  directed  towards  this  one  object.  During  the  few  hours 
which  he  spent  in  repose,  his  sleep  was  so  profound  that  no  noise  of  an 
ordinary  kind,  however  loud,  would  awake  him ;  and  it  used  to  be  a 
favourite  amusement  with  his  comrades,  to  try  various  experiments 
devised  to  test  the  soimdness  of  his  sleep.  But  if  the  word  *  signal*  was 
even  whispered  in  his  ear,  he  was  instantiy  aroused,  and  fit  for  immediate 
duty. — The  influence  of  habitual  attention  is  shown  as  much  in  the  effect 
produced  by  the  cessation,  as  in  that  of  the  occurrence,  of  sensory  im- 
pressions. Thus  in  the  case  of  the  naval  officer  aroused  by  the  suspension 
of  the  measured  tread  of  the  watch  over  his  head,  the  knowledge  pos- 
sessed during  the  waking  state,  that  this  suspension  is  either  an  act  of 
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negligence  wliieli  requires  notiee,  or  indicates  some  unusual  occuiTeDce, 
doubtlea8  augments  the  effect  which  tlie  disscontiDUsmce  of  the  soiLod 
would  of  itself  produce* 

57D*  It  is  not  requiaitCj  however,  that  the  soiiud  ehould  be  one 
habitually  attended  to  during  the  hours  of  watcbfidnesa ;  for  it  is  sufficient 
if  it  he  one  on  which  the  attention  has  bten  fixed  as  that  at  which  the 
aluniberer  is  to  arouse  himself  Thus  the  medical  man,  even  in  his  first 
profound  sleep  afler  a  fatiguing  da)*'s  w^ork,  is  aroused  by  the  firf?t  stroke 
of  the  c!ap|)er  of  his  uight-bell ;  and  to  those  who  are  accuatotneil  to  rise 
erery  monting  at  the  sound  of  an  alartun-clock,  the  frequency  nnd  regu- 
larity of  the  occurrence  do  not  diminish,  but  rather  increaae,  the  readi- 
ness witli  wliich  it  produces  i^  effect,  provided  that  the  warning  be 
promptly  obeyed.  On  this  usually  depends  the  efficiency  of  the  awaken- 
ing fiomid;  if  it  be  disregarded  as  a  thing  to  which  there  is  no  occasion 
to  give  heed,  it  veiyf  soon  ceaaea  to  produce  any  eifect,  the  entire  j^esil 
not  being  sufficient  to  awake  the  sleeper;  whilst,  on  the  other  haivl,  die 
fkst  stroke  is  enough  to  break  the  repose  of  hiui  who  is  impressed  witb 
Uie  effectual  desire  of  prolitiiig  by  the  warning*  And  thus  it  may  Iiappen 
that,  of  two  persons  in  the  same  room,  either  shtdJ  be  at  once  aroused  by 
a  aound  which  produces  no  disfciybance  in  the  slumbers  of  the  other* 
To  this  iniluence  of  previous  impressions,  whether  Imbitual-^  or  but  once 
forcibly  made,  we  are  also  to  refer  the  spontaneous  teniiination  of  the 
state  of  sleep  at  particular  times,  without  any  seoaorial  excitement  Jrom 
external  impressions.  Thus,  many  persons  who  are  accustomed  t4D  r\m 
at  a  parti  ctdar  hottr,  wake  regularly  at  that  hour,  whether  they  have  gone 
to  re^  early  or  late ;  ao  that  the  act  of  spontaneously  awakemng  is  no 
proof  that  the  desirable  amount  of  repose  Itas  been  obtituied.  But  what 
is  more  remarkable  is,  that  many  Individuals  have  the  power  of  deter- 
mining, at  the  time  of  going  to  rest,  the  liour  at  whidi  they  ahali  rise, 
afi  to  awake  from  a  profound  sleep  at  the  precise  time  fixed -upon*  I 
otherft,  however^  the  desiro  to  rise  at  a  particular  hour  only  induces 
state  of  rostlessneaa  throughout  the  night,  destroying  the  soundne^  of  th# 
slumbers :  the  individual  awakes  many  times  in  the  night,  with  the  l>elief 
that  the  hour  is  past,  and  very  possibly  oversleeps  it  after  aU,  ^©  aystem 
being  worn-out  by  tJie  need  of  repose* 

571.  The  Amount  of  Slttp  required  by  Man  is  aflTected  by  so  many 
conditions,  especially  tije,  tempei^tment^  Ittthit^  and  prcvioim  txhoustktn^ 
that  no  general  rule  can  be  laid-down  on  die  subject, — The  conditron  of 
^efmtus  in  ntero  may  be  regarded  as  one  of  continual  sjumber;  the  ap- 
paratua  of  Animal  life  being  completely  secluded  from  all  stimuli  which 
could  arouse  it  into  activity,  whilst  tlie  energy  of  the  Organic  functions  is  i 
entirely  directed  to  the  building-up  of  tlie  fabric.  On  its  first  entrance^^^f 
into  the  world,  the  infrint  continues  to  pass  the  greiter  part  of  its  time  ^^ 
in  slumber  ;  and  this  is  particularly  to  be  noiioed  in  eases  of  premature 
birth,  the  seven  months'  cliild  seeming  to  awake  only  tor  tlie  purpjose  of 
receiving  food,  and  giving  but  little  heed  to  external  objects,  whilst  even 
the  eight  months^  child  is  considerably  lem  alive  to  sensory  impressions 
than  one  bom  at  the  full  time.  The  excess  of  activity  of  the  construciivt 
over  the  titstruetive  operations,  which  characterizes  tlie  whole  period  of 
infencyt  childhood,  and  adolescence  (chap,  xvin*),  requires  that  a  larger 
proportion  of  the  diurnal  cycle  shall  be  passed  in  sleep  (during  which  tha. 
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former  may  be  carried-on  without  hindrance),  than  is  requisite  when 
adult  age  has  been  attained,  the  two  sets  of  changes  being  then  balanced ; 
•  and  the  amount  of  sleep  to  which   the  system  shows  itself  disposed, 
gradually  diminishes  from  three-fourths  to  one-half,  and  from  one-half  to 
one-third,  or  even  to  one-quarter,  of  the  twenty-four  hours.     It  is  to  be 
noticed  that  the  sleep  of  children  or  young  persons  is  not  only  longer 
than  that  of  adults,  but  is  also  more  profound.     On  the  other  hand,  as 
age  advances,  and  the  bodily  and  mental  activity  of  the  waking  state 
decreases,  a  smaller  amount  of  sleep  suffices ;  or,  if  the  slumber  be  pro- 
tracted, it  is  usually  less  deep  and  refreshing.    It  may  be  noticed,  however, 
that  very  old  persons  usually  pass  a  large  proportion  of  their  time  in  sleep, 
or  rather  in  a  sort  of  heavy  doze,  espeoially  after  meals ;  as  if,  in  conse- 
quence of  the  want  of  energy  of  their  nutritive  operations,  a  very  long 
period  of  repose  is  necessary  to  repair  the  waste  which  takes  place  during 
their  short  period  of  activity. — In  regard  to  the  influence  of  temperament^ 
it  may  be  remarked  that  a  plethoric  habit  of  body,  sustained  by  full  diet, 
usually  predisposes  to  sleep,  provided  that  the  digestive  powers  be  in  a 
vigorous  condition ;  persons  of  this  constitution  frequently  pass  nine  or 
ten  hours  in  slumber,  and  maintain  that  they  cannot  be  adequately  re- 
freshed by  less.     On  the  other  hand,  thin  wiry  people,  in  whom  the 
*  nervous*  temperament  predominates,  usually  take  comparatively  little 
sleep,  notwithstanding  the  greater  activity  of  their  nervous  system  when 
they  are  awake ;  but  their  slumber,  while  it  lasts,  is  generally  very  deep. 
Persons  of  *  lymphatic*  temperament,  heavy  passionless  people,  who  may 
be  said  to  live  very  slowly,  are  usually  great  sleepers ;  but  this  is  rather 
because,  through  the  dulness  of  their  perceptions,  they  are  less  easily  kept 
awake  by  sensorial  or  mental  excitement,  than  because  they  really  require 
a  prolonged  cessation  of  activity.     As  they  are  half  asleep  during  the 
w^ing  state,  so  would  it  appear  that  the  constructive  operations  must 
be  fer  from  active  while  they  are  asleep,  so  little  do  they  seem  restored  by 
the  repose. — The  amount  of  sleep,  cceteris  paribus j  required  by  individuals, 
is  very  greatly  influenced  by  habit ;  and,  contrary  to  what  we  might  an- 
ticipate, we  find  that  the  briefest  sleepers  have  usually  been  men  of  the 
greatest  mental  activity.     Thus  Frederick  the  Great  and  John  Hunter 
are  said  to  have  only  required  five  hours*  sleep  out  of  the  twenty-four ; 
and  General  Elliot,  celebrated  for  his  defence  of  (Gibraltar,  is  recorded  not 
to  have  slept  more  than  four  hours  out  of  the  twenty-four.     It  may  be 
doubted  whether  it  would  be  possible  for  any  one  to  sustain  a  life  of  vigor- 
ous exertion  upon  a  smaller  allowance  than  this ;  and  the  general  fact  is, 
that  from  six  to  eight  hours  of  repose,  out  of  every  twenty-four,  are  re- 
quired to  keep  the  system  of  an  adult  in  a  state  of  healthful  activity. 
The  influence  of  habit  may  be  brought  to  bear  on  the  protraction,  as  well 
as  on  the  abbreviation,  of  the  usual  period.     Thus  Quin,  the  celebrated 
actor,  could  slumber  for  twenty-four  hours  successively ;  and  Dr.  Reid, 
the  metaphysician,  could  take  as  much  food,  and  afterwards  as  much  sleep, 
as  were  sufficient  for  two  days. — It  is  needless  to  dwell  upon  the  obvious 
fact,  that,  other  things  being  equal,  the  amount  of  sleep  required  by  man 
is  proportional  to  the  amount  of  mental  exertion  put-forth  during  the 
waking  hours;  since  this  is  an  obvious  result  of  what  has  been  laid-down 
as  the  cause  of  the  demand  for  sleep.     It  may  be  remarked,  however, 
that  we  must  not  measure  the  amount  of  sleep  by  its  duration  alone : 
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Bince  its  intenxit^  h  a  matter  of  equal  importance.     Tlie  light  slumber 
which  k  disturbed  by  tbe  elightest  sounda,  (^nnot  be  as  r^iiDrating  na  i 
the  prolbund  sopor  of  those  whom  no  ordinary  noke  will  awake,  ~ 

572.  There  are  certain  states  of  the  Encephalic  centres,  in  whieb  there 
h  an  entire  al/^ence  of  Skep ;  and  this  may  continue  for  many  days,  ar 
even  for  weeks  or  months.  Insomnia  ie,  tot  instance,  one  of  the  ebamcter- 
btics  of  acute  Mania,  and  may  also  esdst  in  Tarions  forms  of  MoiiODiauia; 
it  is  usually,  aleoj  one  of  the  symptomji  of  incipient  meningeal  in^innia- 
tion  ;  and  it  may  constitute  a  specific  disease  in  itself  In  aO  these  cas^ 
however  J  the  pref>oiideirance  of  the  desfrur/iV^  processes  oTer  the  CQimtructip^ 
manifests  itself^  sooner  or  later,  in  the  e:shanstion  of  the  mental  and  bodily 
powers.  Thus  Mania,  when  prolonged  or  frequently  recmringj  atibfiidetJ 
iDto  Dementia ;  and,  if  it  continue  for  any  length  of  time,  is  sure  to  bo  | 
followed  by  a  great  sense  of  WTetchednesa  and  prostration,  frequently 
aoeonipauied  by  continual  restlessness.  Such  eSFects^  too,  in  a  leas  aggra- 
vated degree,  result  from  habitual  thfitiiemy  of  sleep  \  whether  this  be 
due  to  emotional  excitement  which  keeps  repose  at  bay^  or  to  a  yolnntary 
determination  to  keep  the  intellect  in  activity*  This  is  a  very  common 
occurrence  among  industrious  students,  who^  witli  a  laudable  desire  for 
distinction,  allow  themselves  le^  than  the  Deeded  qiumtum  of  repose. 
Headache,  tenaion,  heat,  throbbing,  and  various  other  unpleasant  aenst 
dons  in  the  head,  give  warning  that  the  brain  is  being  overtasked ;  and  if  I 
this  warning  be  not  t^en,  sleep,  which  it  was  at  first  diHicnlt  to  redst,  J 
becomes  even  more  difficult  to  obtain ;  a  state  of  general  restlessness  anii 
foTensh  excitement  is  induced ;  and  if,  in  spite  of  this,  the  eflbrt  be  con- 
tinued, serious  consequences,  in  the  form  of  cerebral  inilammation,  apo- 
plexy, paralysis,  fever,  insanity,  or  loss  of  mental  power,  mora  or  less  i 
complete,  are  nearly  certain  to  be  induced.  Some  indtviduala  mxi  mm 
tain  such  an  effort  much  longer  than  others,  but  it  is  a  great  mistake  to  ^ 
suppose  that  they  are  not  equally  injured  by  it ;  in  fiict,  being  possessc  " 
with  the  belief  that  they  are  not  suifering  from  the  exertion,  they  fre- 
quently protract  it,  until  a  sudden  and  complete  prostration  gives  a  fearAil 
demonstration  of  tJie  cuniulative  effects  of  the  injurious  course  in  whlcll 
they  have  been  persevering.  Those,  consequently,  who  are  earlier  forced 
to  give- way,  are  frequently  capable  of  accomplishing  more  in  the  e^id.^—  | 
In  regard  to  the  degree  of  protractioiL  of  sleep  which  is  consistent  with  a 
healthy  state  of  the  syatem  in  other  respcct-s,  it  is  diiiicult  to  ipeak  witli 
certainty.  Of  tlio  numerous  well-autlicnticated  instances  on  record,*  in 
which  sleep  has  been  continuously  prolonged  for  many  days  or  even 
weeks,  it  is  enough  here  to  state  that  ^ey  cannot  be  regarded  as  examples 
of  natural  sleep ;  the  state  of  such  persons  being  more  dosely  allied  to 
hysteric  coma.  An  imusual  tendency  to  ortlinary  sleep  generally  indi- 
cates a  congested  state  of  the  brain,  tending  to  apoplexy  ;  and  it  has  been 
slated  tluit  apoplexy  has  been  actually  induced  by  the  experimental  attempt 
to  ascertain  how  large  a  pro£>ortion  of  the  diurnal  cycle  might  be  spent  in 
sleep,^ — Thus,  on  either  side,  inattention  to  tlie  dictates  of  Nature,  in 
reB[>ect  to  the  amotmt  of  sleep  required  for  the  renovation  of  Uio  s^'stetjii 
becomes  a  somrce  of  disease,  and  should  therefore  be  carefully  avoided. 

573,  Drtuming. — We  have  hitlierto  spoken  of  Sleep  in  its  most  com- 

*  Such,  for  exantpH  &■  ibat  of  St^mael  Cliillua  {'*  PliU.  TmiiJS*/'  l^^i)i  aad  that  of  ' 
Mi«l  Lyidl  ("  TraoH,  ^f  Roy,  Soo,  of  Kdiab,,  *"  1818)* 
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plete  or  profound  form ;  that  is,  the  state  of  complete  unconsciousness. 
But  with  the  absence  of  consciousness  of  external  things,  there  may  be  a 
state  of  mental  activity  of  which  we  are  more  or  less  distinctly  cognizant 
at  the  time,  and  of  which  our  subsequent  remembrance  in  the  waking 
state  varies  greatly  in  completeness.  The  chief  peculiarity  of  this  state  of 
dreaming  appears  to  be,  that  there  is  an  entire  suspension  of  Volitional 
control  over  the  ciurent  of  thought,  which  flows  on  automatically,  some- 
times in  a  uniform  coherent  order,  but  more  commonly  in  a  strangely 
incongruous  sequence.  The  former  is  most  likely  to  occur  when  the 
mind  simply  takes-up  the  train  of  thought  on  which  it  had  been  engaged  , 
during  the  waking-hours,  not  long  previously ;  and  it  may  even  happen 
that,  in  consequence  of  the  freedom  from  distraction  resulting  from  the 
suspension  of  external  influences,  the  Reasoning  processes  may  thus  be 
carried-on  during  sleep  with  unusual  vigour  and  success,  and  the  Imagi- 
nation may  develope  new  and  harmonious  forms  of  beauty.*  The  more 
general  &ct  is,  however,  that  there  is  an  entire  want  of  any  ostensible 
coherence  between  the  ideas  which  successively  present  themselves  to  the 
consciousness ;  and  yet  we  are  completely  unaware  of  the  incongruous- 
ness  of  the  combinations  which  are  thus  formed.  It  has  been  well 
remarked  that  "  nothing  surprises  us  in  dreams.^*  All  probabilities  of 
^  time,  place,  and  circumstance'  are  violated ;  the  dead  pass  before  us  as 
if  alive  and  well ;  even  the  sages  of  antiquity  hold  personal  converse 
with  us ;  our  friends  upon  the  antipodes  are  brought  upon  the  scene,  or 
we  ourselves  are  conveyed  thither,  without  the  least  perception  of  the 
intervening  distance ;  and  occurrences,  such  as  in  our  waking  state  would 
excite  the  strongest  emotions,  may  be  contemplated  without  the  slightest 
feeling  of  a  painfrd  or  pleasurable  nature.  Facts  and  events  long  since 
forgotten  in  the  waking  state,  and  remaining  only  as  latent  impressions 
on  the  Cerebrum,  present  themselves  to  the  mind  of  the  dreamer ;  and 
many  instances  have  occurred,  in  which  the  subsequent  retention  of  the 
knowledge  thus  re-acquired  has  led  to  most  important  results.f  But  one 
of  the  most  remarkable  of  all  the  peculiarities  in  the  state  of  dreaming, 
is  the  rapidity  with  which  trains  of  thought  pass  through  the  mind ;  for 
a  dream  in  which  a  long  series  of  events  has  seemed  to  occur,  and  a 
multitude  of  images  has  been  successively  raised-up,  has  been  often 
certainly  known  to  "have  occupied  only  a  few  minutes,  or  even  seconds, 
although  whole  years  may  seem  to  the  dreamer  to  have  elapsed.  There 
would  not  appear,  in  truth,  to  be  any  limit  to  the  amoxmt  of  thought 
which  may  thus  pass  through  the  mind  of  the  dreamer,  in  an  interval  so 
brief  as  to  be  scarcely  capable  of  measurement ;  as  is  obvious  frx>m  the 
&ct,  that  a  dream  involving  a  long  succession  of  supposed  evenls,  has 

*  Thus,  Condorcet  saw  in  his  dreams  the  final  steps  of  a  difficult  calenlation  which 
had  paxzled  him  daring  the  day;  and  Condillac  teUs  us  that,  when  engaged  in  his 
"  Conrs  d'Etade/'  he  frequently  deyeloped  and  finished  a  subject  in  his  dreams,  which 
he  had  broken -off  before  retiring  to  rest.  Coleridge  relates  of  himself  that  his  fragment 
*'  Kubla  Khan"  was  composed  during  sleep,  which  had  come  upon  him  whilst  reading 
the  passage  in  "Purchas's  Pilgrimage,"  on  which  the  poetical  description  was  founded,  and 
was  written-down  immediately  on  awaking,  "  the  images  rising  up  before  him  as  things 
with  a  parallel  production  of  the  correspondent  expressions,  without  any  sensation  or 
consciousness  of  effort." 

t  See  a  number  of  such  cases  in  Dr.  Abercrombie*s  "  Inquiries  concerning  the  Intel- 
lectual Powers." 
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oflen  diBiiiictly  origiiiated  in  a  sound  which  has  also  fiwoke  ilie  deepeT^ 
m  that  the  whole  miust  have  passed  ditrmg  the  almost  ii]apprecial*la 
period  of  traumtioo  between  the  previous  state  of  sleep  and  the  full 
waking  contciousnese,*  Hence  it  has  been  argued  by  sonie,  that  ^i//  our 
dr^Lms  really  take  place  in  the  iDomentary  parage  between  the  ?tAtea  of 
BleepiDg  and  waking ;  but  such  au  ide^  is  not  conaiatent  with  the  ^et^ 
that  tbe  course  of  a  dream  may  often  be  traced  by  observing  the  suc- 
ccasiYe  changes  of  e;xpTession  iti  the  countenance  of  the  dreamer.  It 
eeems^  however,  that  those  dreams  are  moflt  diftincUy  remembered  in  the 
«  waking  state  which  have  po^ed  througli  the  mind  during  the  transitional 
phi^e  just  alluded -to  ;  whilst  those  which  occur  in  a  state  more  allied 
to  Somnambulism,  are  more  completely  isolated  from  llie  ordinary  con- 
sciousness.^— There  is  a  phase  of  the  dreaming  state  which  la  worthy 
of  notice  as  marking  another  gradation  betwet^n  this  and  the  rigilant 
state ;  that,  namely,  in  which  the  dreamer  has  a  consciousness  that  he 
is  dreaming,  being  aware  of  the  unreality  of  the  im^ea  which  present 
themselves  before  his  mind*  He  may  ei^en  make  a  voluntary  and  suc- 
cessful ellbrt  to  prolong  them  if  agreeable,  or  to  dissipate  them  if 
unpleasing ;  thus  evincing  the  possesion  of  a  certain  degree  of  thai 
directing  power,  the  entire  want  of  which  is  the  characteriatic  of  the  true 
state  of  Dreaming, 

574,  But  the  sensibility  to  external  impressions  may  not  be  entirelj 
euspended  in  Dreaming ;  and  it  is  curious  that  even  where  sensationa  are 
not  recognized  by  tlie  mind  of  the  dreamer  aa  proceeding  from  external 
objects^  they  may  affect  the  cowrae  of  its  own  thoughts;  so  that  ibe 
character  of  the  dreams  may  be  in  some  degree  predetermined  by  such 
an  arrangement  of  sensory  impressions  as  is  likely  to  modify  them,  Tlits 
is  especially  the  case  in  regard  to  the  dreamy  state  induced  by  certain 
narcotics,  such  as  the  llachisch  (a  prejiaration  of  CmtnalHS  Indica)^  cm* 
ployed  for  this  purpose  in  the  East  j  for  the  emotional  condition  <.'f 
the  individual  under  its  influence  is  entirely  under  the  control  of  exfcernal 
impressions  j  so  that  those  who  give  theniselves  up  to  the  intoxication  of 
^^/antaski^  take  care  to  withdraw  themselves  from  everything  whicli 
cotdd  give  their  delirium  a  tendency  to  melancholy,  or  excite  in  them 
anything  else  tlmn  feelings  of  pleasurable  enjoyment.f  Moreover,  tJiere. 
ajre  certain  forms  of  ordinaiy  Dreaming,  in  which  the  whole  succeaaioil 
of  thought  and  feeling  (which  is  made  manifest  by  the  words  occaisionallj^ 
uttered,  or  by  the  play  of  countenance,  or  by  the  more  active  move- 
ments of  the  dreamer)  may  be  governed  by  external  suggestion ;  aa,  Ibrj 
example,  in  die  weU-known  case  of  the  officer  who  amused  his  friends  1 
a^ing  his  dreams  during  the  expedition  to  Lonisburgh,  the  course 
these  dr^ms  being  capable  of  direction  by  whispering  into  the  sleeper*i 


*  The  only  pha«e  of  the  irakiog  Btate,  in  which  anj  anch  int^tiftelj-itipid 
of  thougtite  preseuta  itnelf,  is  tbnt  whic?h  is  now  wdl  attested  ofi  q  frequeut  oecnrf^nta 
under  circutiieUiDeat  hi  which  there  is  imminent  dauger  of  death,  eepeci&Uf  hj  droin 
Jag  ;  the  whole  prerioud  life  of  the  indiTidun]  aeeiiimg  ta  be  presented  iaBt&ntiLiteoiiL 
to  hiB  view,  with  i\9  every  important  incident  Tjvidly  ioipre^iied  on  hia  oonBciousDMu 
just  as  if  all  were  combined  in  ^  picture^  the  whob  of  whl^h  cot) Id  b«  takea-ia  ai  i 
glaaoa, 

t  S«ethe  Aathor'^  Article,  *  Sleep/  in  Ike  "Cyclop,  of  Anat  and  Fhys,,"  toL  It. 
pp,  0®S-99O;  Mid  MorenQy  ''Du  Bschisch  et  de  {'AU^nfiiloo  MeuUdef  Etudes  Tuycba* 
i9pqti0%"  p.  «T. 
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ear,  especially  if  this  was  done  by  a  firiend  with  whose  voice  he  was 
familiar.*  Such  forms  of  Dreaming  constitute  a  transition  to  the  state  of 
Somnambulism. 

575.  Somnambulism, — llie  phenomena  of  Sonmambulism  are  so  various, 
that  it  is  diffictdt  to  give  any  general  definition  that  shall  include  the 
whole ;  but  it  is  a  condition  which  is  common  to  all  forms  of  this  state, 
that  the  controlling  power  of  the  Will  over  the  current  of  thought  is 
entirely  suspended,  and  that  all  the  actions  are  directly  prompted  by  the 
ideas  which  possess  the  mind ;  and  the  differences  chiedly  arise  out  of  the 
mode  in  which  the  succession  of  ideas  is  directed,  this  being  in  some 
cases  a  coherent  sequence  through  the  whole  of  which  some  one  dominant 
impression  may  be  traced,  whilst  in  other  instances  it  is  more  or  less 
completely  determinable  by  external  suggestions.  These  two  forms  are 
thus  parallel  to  the  states  of  spontaneous  Abstraction  and  artificial  Reverie 
(Electro-Biology)  respectively ;  but  differ  from  them  both  in  this  essential 
feature, — ^that  they  occur  in  a  state  of  consciousness  so  fax  distinct  from 
the  ordinary  waking  condition,  as  not  to  be  connected  with  it  by  the 
ordinary  link  of  Memory  ;  and  that  although  the  course  of  thought  in 
Somnambulism  usually  manifests  the  directing  influence  of  previous 
habits,  and  the  knowledge  of  persons  and  things  possessed  during  the 
waking  state  may  be  readily  brought  before  the  mind,  yet  nothing  which 
occurs  during  the  state  of  Somnambulism  is  ever  retraced  spontaneously, 
or  can  be  brought  back  by  an  act  of  recollection.  Impressions  upon  the 
nervous  system,  however,  are  sometimes  lefl  by  strong  emotional  excite- 
ment, which  give-rise  to  subsequent  feelings  of  discomfort,  of  whose  origin 
the  individual  is  entirely  imconscious-t — In  the  first  of  the  phases  just 
referred-to,  a  train  of  reasoning  is  often  carried-out  with  remarkable 
clearness  and  correctness,  and  its  results  expressed  in  appropriate  lan- 
guage, or  otherwise  acted-on.  Thus,  a  mathematician  may  work-out  a 
diflicult  problem,  an  orator  may  make  a  speech  appropriate  to  the  occa- 
sion on  which  he  supposes  himself  to  be  called-up,  or  an  author  may 
compose  and  conmut  to  writing  poetry  or  prose,  upon  the  subject  which 
occupies  his  thoughts.  But  it  is  a  frequent  defect  of  the  intellectual 
operations  carried-on  in  this  condition,  that,  through  the  complete  absorp- 
tion of  the  attention  by  one  set  of  con8iderati6ns,  no  accoimt  is  taken  of 
others  which  ought  to  modify  the  conclusion ;  and  this,  although  it  may 
be  palpably  inconsistent  with  the  teachings  of  ordinary  experience,  is  not 
felt  to  be  so,  imless  the  latter  should  happen  to  present  themselves  im- 
bidden  to  the  thoughts. 

576.  The  second  of  the  phases  above  mentioned,  which  is  especially 
seen  in  the  artificial  Somnambulism  induced  by  the  (so-called)  Mesmeric 
process,  or  by  the  fixed  gaze  at  a  near  object  (as  practised  by  Mr.  Braid 
under  the  name  of  Hypnotism)^  is  essentially  the  same  as  that  of  the 
'biological'  condition,  save  in  the  different  relation  which  they  respec- 

♦  This  case  is  detailed  by  Dr.  Abercrombie  ("  Inquiries  concerning  the  Intellectnal 
Powers,"  6th  ed.,  p.  277),  on  the  authority  of  Dr.  Gregory,  to  whom  it  was  related  by 
a  gentleman  who  witneraed  it.  A  case  of  a  very  similar  nature,  the  subject  of  which 
was  a  medical  student  at  Edinburgh,  is  related  in  Smellie's  **  Philosophy  of  Natural 
History." 

t  See  a  rery  curious  example  of  this  kind,  which  fell  under  the  Authors  own 
observation,  narrated  in  the  article  *  Sleep,'  in  the  "Cyclop,  of  Anat.  and  Phys.," 
vol  iv.  p.  693. 
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tively  bear  to  the  wakiDg  BCate ;  ibr  there  Is  the  aame  readiness  to  receive 
new  inipresfiions  througii  the  fienaes  (the  visml  sense,  howevirf  being 
geiieralty  in  abejance),  and  the  same  want  of  peraiitence  in  any  one 
tram  of  ideus,  the  direcdon  of  the  thotiglita  being  enciretj  determined 
by  tlae  auggestions  which  are  introduced  jrom  without.     In  eiU^i^r  of 
theee  ejctrema  formB  of  Somnambiilianif  and   in  tlie  numeroua  inter- 
mediate phages  which  connect  the  two,  the  consciousDess  seema  eDtirely 
given-np   to  the  one  impresaion   which   m  operatiBg  upon   it  at 
time;    so  that  whUst  the  attention    id  e^tdnaively  diluted   upon  on^ 
object,  whether  actually  |Jerceived  tlirough  the  senses,  or  brought  eug^l 
gesti vely  before  the  mind  by  previous  ideas,  nothiDg  ebe  is  felt,     Thu«' 
there  may  be  complete  insensibility  to  bodily  pain,  the  somnambiilifft^a 
whole  attention  being  given  to  what  is  paastng  in  his  mind ;  yet  in  an 
in«tantj  by  directing  tlic  attention  to  the  organs  of  sense,  tJie  ana^Mhesia 
may  be  replaced  by  orJinary  seiisibility;    or,  by  the  fixation  of  the 
attention  on  any  one  class  of  sensationsj  these  shall  b©  perceive*!   with 
moat  esctraordinary  acuteness,  whilst  there  may  be  a  state  of  complete 
inaensikiHty  as  regards  the  rest. — Thns,   the  Author  has  witn^as^  ji 
case  in  which  such  an  exaltation  of  the  sense  of  Smell  was  manifested, 
that  the  subject  of  it  discovered  without  difficulty  the  owner  of  a  glove 
placed  in  his  hand,  in  an  assembly  of  iifty  or  sixty  persons ;  and  iu  th« 
aame  case,  as  in  many  others,  there  was  a  similar  exaltation  of  the 
of  Temperature,     The  exaltation  of  the  Muscular  Sense,  by  which  varii 
actions  that  ordinarily  require  the  guidance  of  vision,  are  directed  in* 
pendently  of  it,  is  a  phenomenon  common  to  the  *  mesmeric^  with  varii 
other  forms  of  artificial  as  well  as  of  natural    Somnambulism.      Th< 
Autlior  has  repeatedly  seen  Mr.  Bndd's  ^  hypnotized '  subjecta  write  witli 
the  most  perfect  regularity,  when  an   opaque  screen   was   mt^paeei' 
between  their    eyes  and   the  paper,  the   lines   being  equidistant   and 
parallel ;  and  it  is  not  uncommon  for  the  writer  to  carry  back  his  pen  cir 
pencil  to  dot  an  t  or  cross  a  t,  or  make  some  other  correction  in  a  letter, 
or  word»     Mr,  B,  had  one  patient  who  would  thus  go  back  and  correob' 
with  accuracy  the  writing  on  a  whole  page  of  note-paper ;  but  if  th« 
paper  wiis  moved  from  the  petition  it  had  previously  occupied  on  the 
^ble^  all  the  eorreetions  were  on  ^the  wrong  points  of  tlie  paper  aa 
regarded  the  actual  place  of  the  writing,  though  on  the  ri^ht  {loints  as 
regarded  its  pr«tHous  place ;  sometimes^  however,  he  would  take  a  ireab 
departure,  by  feeling  for  the  up]:»er  left-hand  comer  of  the  paper,  and 
all  his  corrections  were  then  made  in  their  right  positions,  notwith- 
standing the  displacement  of  the  paper,^ — So,  again,  when  the  atten^ 
tion  of  the    somnambulist  is  fixed    upon    a  certain  train  of  thought, 
whatever  may  he  spoken  in  harmony  witli  this  is  heard  and  appreciated ; 
but  what  has  no  relation  to  it,  or  ia  in  discordance  with  it,  is  entirely 
disregarded, 

577,  It  is  among  the  most  curious  of  the  numeroui  fiicts  Vfhtch 
Mr.  Braid's  inv&ftigations  upon  artificial  Somnambulism  have  brought 
to  light,  that  tlie  suggestions  derived  from  the  *  muscular  sense*  have  a 
p^uliar  potency  in  det<muining  the  current  of  thought.  For  if  the  lace, 
body,  or  limbs  be  brought  into  an  attitude  that  is  expressive  of  any 
particular  emotion,  or  tliat  con'eaponds  with  tliat  in  which  it  won  Id  be 
placed  for  the  performance  of  any  volimtary  action,  the  corresponding 
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mental  state, — ^tbat  is,  either  an  Emotional  condition  affecting  the 
general  direction  of  the  thoughts,  or  the  -Idea  of  a  particular  action, — 
is  called-up  in  respondence  to  it.  Thus,  if  the  hand  be  placed  upon 
the  vertex,  the  Somnambulist  will  frequently,  of  his  own  accord,  draw 
his  body  up  to  its  fullest  height,  and  Uirow  his  head  slightly  back ;  his 
countenance  then  assimies  an  expression  of  the  most  lofty  pride,  and  the 
whole  trom  of  thought  is  obviously  imder  the  domination  of  this  feeling ; 
as  is  manifested  by  the  replies  which  the  individual  makes  to  interro- 
gatories, and  by  the  tone  and  manner  in  which  these  are  delivered. 
Where  the  first  action  does  not  of  itself  call-forth  the  rest,  it  is  sufficient 
to  straighten  the  legs  and  spine,  and  to  throw  the  head  somewhat  back, 
to  arouse  the  emotion,  wiila.  its  corresponding  manifestation,  in  its  fiill 
intensity.  If,  during  the  most  complete  domination  of  this  emotion, 
the  head  be  bent  forwards  and  the  body  and  limbs  be  gently  flexed,  the 
most  profoimd  humility  then  takes  its  place.  So,  again,  if  die  angles  of 
the  mouth  be  gently  separated  from  one  another,  as  in  laughter,  a  hila- 
rious disposition  is  immediately  generated;  and  this  may  be  made  to 
give  place  to  moroseness,  by  drawing  the  eyebrows  towards  each  other 
and  downwards  upon  the  nose,  as  in  frowning.*  So,  again,  if  the  hand 
be  raised  above  the  head,  and  the  fingers  be  flexed  upon  the  palm,  the 
idea  of  climbing,  swinging,  or  pulling  at  a  rope  is  called-up  in  such  as 
have  been  used  to  such  kinds  of  exertion ;  if,  on  the  other  hand,  the 
fingers  be  flexed  when  the  arm  is  hanging-down  at  the  side,  the  idea 
suggested  is  that  of  lifiing  a  weight ;  and  if  the  same  flexmre  be  made 
when  the  arm  is  advanced  forwards  in  the  position  of  striking  a  blow, 
the  idea  of  fighting  is  at  once  aroused,  and  the  Sonmambulist  is  very  apt 
to  put  it  into  immediate  execution.f 

*  The  Author  has  not  only  repeatedly  witnessed  all  these  effects,  as  produced  by  Mr. 
Braid  upon  'hypnotised'  subjects,  of  whom  several  had  never  been  previously  in  that 
condition,  and  luui  no  idea  whatever  of  what  was  expected  from  them  ;  but  he  has  been 
assured  by  a  most  intelligent  medical  friend,  who  has  paid  special  attention  to  the 
psyeholoi^cal  part  of  this  inquiry,  that  having  subjected  himself  to  Mr.  Braid*s  practice, 
and  having  been  only  partially  thrown  into  the  '  hypnotic'  state  (in  fact,  '  biologized '),  he 
distinctly  remembers  everythmg  that  was  done,  and  can  retrace  the  uncontrollable  effect 
upon  his  emotional  state,  which  was  produced  by  this  management  of  his  muscular 
apparatus. 

t  On  one  occasion  on  which  the  Author  witnessed  this  result,  a  violent  blow  was 
struck,  which  chanced  to  alight  upon  a  second  somnambulist  within  reach ;  kU  com- 
baiiveness  being  thereby  excited,  the  two  closed,  and  began  to  belabour  one  another  with 
such  energy,  that  they  were  with  difficulty  separated.  Although  their  passions  were  at 
the  moment  so  strongly  excited,  that  even  when  separated  they  continued  to  utter 
furious  denunciations  against  each  other,  yet  a  little  discreet  manipulation  of  their 
muscles  soon  calmed  them  and  restored  them  to  perfect  good-humour. 
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CHAPTEB  XII. 


OF   THE    ORGANS    OF   THE    SENSES|    AND    TllEIE    FUNCTIONS. 

1,  Of  Semihilit^  in  QmeruL 

578.  We  have  seen  tliat  the  conaciona  Mind  ia  affected  hy  ImpresaionB 
made  U]xyn  the  corporeal  orgaukni, — or,  in  other  words,  that   Senaatioa 
ii  produced ,^ — ^through  the  inatrmnentality  of  a  certain  part  of  tlie  Eiice- 
phaJon  tertaed  the  Sensormm^  which  la  the  general  centre  of  the  nerres 
both  of  *  special  *  and  of  *  common '  aensihility ;   the  former  comiect  it 
with  the  special  Organs  of  Sense,  tlie  latter  with  the  lK>dy  generaJly,  to 
the  several  parts  of  which  tliey  are  by  no  nieims  uuiformly  distributed^ J 
Bome  tiBSueB  being  altogether  destitute  of  them*     Thoee  parts  of  the  bodj 
which  are  endowed  with  eensory  fibres,  and  inipr^sions  on  which  ^  there 
fore,  give  riae   to   sensation,  are  ordinarilj  sjx)ken-of  as  sensible  ;    iini] 
diflerent  parts  are  said  to  be  sensible  in  different  degrees,  according  tol 
the  strength  of  the  sensation  produced  by  a  corresponding  impression  on  1 
eich.     In  accordance  with  the  general   fact  of  the  dependence    of  all 
Nervous  action  on  the  condnuatiee  of  tlie  Circuladon  of  the  bloody  it  i&. 
found  that  the  sensory  nerves  are  distributed  pretty  much  in  the  aoixti 
proportion  as  the  blood-vessels :  that  is  to  say,  in  the  non- vascular  ti8su««j 
— ^such  as  t]:ke  epidermis,  hair,  nails,  cartilage,  and  bony  substance  of  the 
teeth, — no  nerves  exist,  and  tliere  is  an  entire  absence  of  sensibility  j  and 
in  those  whose  vascularity  is  trifling,  as  is  the  case  with  bones,  tendon^  ] 
llgamtnts,  fibrous  membranes,  and  other  ];9arts  whose  functions  are  simply 
mechanical,  and  even  with  serous  and  areolar  membranes,  tliere  are  lew 
nerveSj  and  the  sensibihty  is  dulL     Many  of  these  textures  are  acutely 
sensible,  however,  under  certain  circumstances ;   thus,  although  tendans 
and  ligaments  may  be  woimded,  burned,  &c.,  %vithout  much  oonsciotiauen  i 
of  the  injury  being  aroused,  they  cannot  be  stretched  without  the  produe-J 
tton  of  considerable  pain ;   and  the  fibrous,  serous,  and  areolar  tis9ue%  J 
when  their  vascularity  is  increased  by  infiammation,  also  become  extremely 
susceptible  of  painful  impressions.     All  very  vascular  parts,  however,  do 
not  possess  acute  sensibility ;  the  muscles,  for  instance^  are  furnished  with 
a  large  supply  of  blood,  to  enable  them  to  perform  their  peculiar  function; 
but  they  are  not  sensible  in  by  any  means  the  same  proportion.    Even  tho 
substance  of  the  brain,  and  of  tiie  nerves  of  special  sensation,  appears  to  I 
be  destitute  of  this  endowment;    and  the  same  may  be  aaid   of  the 
mucous  inembranea  lining  the  interior  of  the  several  viscera,  which,  iu 
tlie  ordinary  condition,  axe  mueb  less  sensible  than  the  membranes  thii4. 
cover  those  viscexa,  although  so  plentifully  supplied  with  blood  for  their | 
especial  purposes*     The  most  sensible   of  all  jiarts  of  the  body  ia  the  f 
8kin,  in  which  the  sensory  nerves  spread  theiuselves  out  into  a  iiiinuta  1 
network ;  and  even  of  this  tissue^  the  sensibility  differs  greatly  in  difiereoi  i 
pirts  (I  584)* — The  organs  of  Special  Sensation  become^  by  the  peculiar^ 
character  of  tlie  nen  es  with  wliich  they  are  supphed,  the  recipients  of 
impressions  of  a  particular  kind  :  thus,  tiie  Eye  is  sensible  to  Ugbt,  the 
Ear  to  sound,  &c*  j  and  wlmtever  amount  of  ordinary  sensibility  they 
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possess,  is  dependent  upon  other  sensory  nerves.  The  eye,  for  example, 
contrary  to  tie  usual  notions,  is  a  very  insensible  part  of  the  body, 
unless  affected  with  inflammation ;  for  though  the  mucous  membrane 
which  covers  its  surface,  and  which  is  prolonged  from  the  skin,  is  acutely 
sensible  to  tactile  impressions,  the  interior  is  by  no  means  so,  as  is  well 
known  to  those  who  have  operated  much  on  this  organ.  And  the 
common  sensory  nerves  which  supply  certain  parts  of  the  body,  are 
adapted  to  receive  and  convey  to  the  mind  impressions  of  particular 
kinds,  with  much  greater  readiness  than  they  commimicate  those  of  a 
different  description ;  thus  the  sensibility  to  tickling  is  much  greater  on 
some  parts  of  the  surface  than  on  others ;  and  this  kind  of  excitement, 
applied  to  the  genitals  or  to  the  nipple,  produces  sensations  of  a  most 
peculiar  order. 

579.  An  active  Capillary  Circulation  being  essential  to  the  sensibility 
of  every  part  supplied  with  nerves,  any  cause  which  retards  this  deadens 
the  sensibility,  as  is  well  seen  with  regard  to  Cold ;  and,  on  the  other 
hand,  an  increase  in  its  energy  produces  a  corresponding  increase  in  the 
sensibility,  as  is  peculiarly  evident  in  the  *  active  congestion'  which 
usually  precedes  and  accompanies  Inflammation.  A  diminution  or  in- 
crease of  sensibility  to  external  impressions  may  arise,  however,  not  only 
from  an  abnormal  state  of  the  circtdation  in  the  organ  or  part  itself, 
but  from  the  similar  conditions  affecting  that  part  of  the  Sensorium  in 
which  the  impressions  are  received.  Thus  in  those  various  conditions 
of  the  Encephalon,  in  which  either  a  stagnation  of  the  circulation,  or  an 
abnormal  state  of  the  blood  (such  as  that  produced  by  anaesthetic  agents), 
occasions  a  diminished  functional  activity  in  the  Sensorial  centres,  this 
is  marked  by  obtuseness  to  sensory  impressions ;  on  the  other  hand,  in 
active  congestion  of  the  brain,  the  most  ordinary  external  impressions 
produce  sensations  of  an  unbearable  violence ;  and  in  that  peculiar  con- 
dition of  the  nervous  system  known  imder  the  name  of  Hysterical, 
the  patients  often  manifest  the  same  hypersesthesia,  even  when  the  cir- 
culation is  in  a  feeble,  rather  than  in  an  excited  state.*  It  is  remark- 
able that  the  sensibility  of  the  mucous  membranes  lining  the  internal 
organs,  is  less  exalted  by  the  state  of  inflammation,  than  is  that  of  most 
other  parts ;  and  in  this  arrangement  we  may  trace  a  wise  and  bene- 
ficent provision ;  since,  were  it  otherwise,  the  functions  necessary  to  life 
could  not  be  performed  without  extreme  distress,  whenever  a  very 
moderate  amount  of  disorder  might  exist  in  the  viscera.  If  a  joint  is 
inflamed,  we  can  give  it  rest ;  but  to  the  actions  of  the  alimentary 
canal  we  can  give  little  voluntary  respite. 

580.  It  is  through  the  medium  of  Sensation,  that  we  acquire  a  knowledge 
of  the  material  Universe  aroimd  us,  by  the  psychical  operations  which 
its  changes  excite  in  ourselves.  The  various  kinds  or  modes  of  Sensation 
suggest  to  us  various  ideas  regarding  the  properties  of  matter ;  and .  these 
properties  are  known  to  us,  only  through  the  changes  which  they  produce 
in  die  several  organs.     It  is  well  known  that  instances  exist,  in  which, 

*  The  inflaeoce  of  toxic  agents  introduced  into  the  blood,  in  prodncing  Annethesia 
and  Hypersesthesia,  constitutes  a  yery  wide  field  of  inquiry,  the  investigation  of  which 
has  been  ably  commenced  by  Dr.  Anstie,  in  his  interesting  work  on  Stimulants  and 
Narcotics  (London,  1864).  It  is  remarkable  that  Lead  and  Alcohol  should  be 
capable  of  inducing  either  of  these  states. 
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from  some  imperfection  of  the  organmatioo,  there  ii  an  incapacity  for 
diatingiiisliiiig  colours  or  musical  tomm^  wbilst  there  is  no  waot  of  eeoBi^J 
bility  to  light  or  sound ;  and  that  aome  persons  are  naturally  eu^lowml  T?ritkf 
a  much  greater  range  of  the  sensory  fkeiilties,  thaJi   that   possessed   hy 
others,     Henoe  it  does  not  seem  at  all  improbable^  tliat  there  ^re  pro- 
perties of  matter  of  which  tione  of  our  senses  can  take  immediate  eog^J 
nizance ;  and  which  other  beings  might  be  formed  to  peroeiTe^  in  th^fl 
same  manner  as  we  are  sensible  to  light,  sounds  &c.     Thus  many  j^ih 
are  affected  by  atmospheric  changesj  in  such  a  manner  that  their  actio 
are  regarded  by  Man  as  indications  of  the  probable  state  of  the  %%^eatber;J 
and  the  same  is  the  case  in  a  leas  degree  with  some  of  our  own  species^ 
who  are  peculiarly  susceptible  of  the  like  influenc4^, — Now  the    most 
universid  of  all  the  qualiti^  or  properties  of  Mutter,  on  which,  in  fiict.,  our 
notion  of  it  is  chief! j  founded,  is  its  occupation  of   space,  produtntsg 
a  more  or  less  complete  resislmice  to  displacement  j   and  this  quality  i^ 
that  through  which  alone  any  knowledge  of  the  external  worl<l   can  Wj 
obtained   by  a  large  proportion  of  the  lower  Animals ;  eon  (net  bctw^^u  j 
their  own  aurlace  and  some  material  body,  being  required  to  p*rcHluodj 
aensation.     We  sliall  presently  see,  however,  that  the  idea  of  th<?  ^A^^j 
of  a  bo<iy  which  we  form  from  the  touch,  results  from  a  very  comple^r  J 
p^oeas,  such  as  animals  of  the  lower  gmdes  can  scarcely  l:>e  supposed 
exercise.     There  can  be  httle  doubt  tlmt,  next  to  the  mere  s^nse  of 
resistance,  sensibility  to    tempentiure  is  tlie  most  universally  diffused 
through  the  Animal  kingdom  ;  and  probably  tlie  eonscionsnesB  of  lumi- 
nositif  is  the  next  in  the  extent  of  its  diifiision.*     It  is  probable  tliat  dio 
sense  of  tasH  (which  has  a  close  affinity  to  that  of  touch)  exists  very  loir 
down  in  the  animal  scale,  being  obviously  of  great  importance  in   tliS 
selection  of  food  ^   but  the  Anatomist  has  no  means  of  ascertaining  whero 
this  refinement  exists,  and  where  it  does  not ;  since  the  organs  of  tasta  j 
and  tough  are  very  similar*     The  sense  of  hearing  does  not  seem  to  b^l 
distiuctly  present  among  the  Invertebrate  animals,  except  in   siieh  aSrl 
approach  moat  nearly  to  the  Vertebrata ;  it  is  not  improbablej  however^  J 
that  sonorous  vibrations  may  produce  an  effect  upon  the  system  of  tlioNii 
animals  which  do  not  receive  them  aa  saund.     The  sense  of  mnili^  wliich 
is  concerned  with  one  of  the  least  general  properties  of  matter,  appears  to 
be  the  least- widely  diffused  among  the  whole ;  being  only  poaaeafied  in 
any  high  d^ee  by  Vertebrated  ammalsi  and  being  but  feebly  present  in 
a  large  proportion  of  these. 

58  L  Besides  the  various  kinds  of  sensibility  which  have  been  juat 
enumerated,  there  are  otiiera  which  are  ordinarily  associated  together, 
along  w^ifch  the  sense  of  material  resistance  {and  its  several  modifications), 
and  tlie  sense  of  temperature,  imder  the  head  of  Common  Sensation;  but 
several  of  Uiom,  especially  those  which  originate  in  the  body  itaelff  can^ 
scarcely  be  regarded  in  this  light.     Such  are  the  feeUngs  of  hung 

*  Tbero  »  good  reasoa  to  believe,  horn  obverrfttloi}  of  tfaeir  habits^  tbat  tDnny  AiitttiAli 
»re  susceptibte  of  the  it^Aueu^  and  are  direct^  hj  tbe  r^uidanee^  of  iiffhtf  who2i«  tirgnn 
are  aot  adapted  to  receive  trtie  viiaal  liapnsaioiia,  or  t<i  farm  optJo»1  ima£;e§  ;  Knct  km  oh 
would  «eeni  to  be  the  fuaeiioa  of  the  red  epots^  freqiictttlj  scea  on  praiuinont  ]iiiri«  f f 
tlie  lower  ArticwUta  and  Molkeca,  aad  even  of  sotue  lleidiata-  WbercTer  the^«  arc  <*f 
aiifficjieut  aUe  to  allow  tbeir  atnicturo  to  b-e  exiimititd,  thej  ar*i  fLiuad  to  bo  largtily  aup- 
pUed  wiili  nenres,  h\tt  to  he  defltJtutc  of  tb@  peeuUi^r  orgatiisitiioa  wlilcb  »1one  rtxiMtituloi 
a  true  rye* 
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and  thirst;  that  of  nausea;  that  of  distress  resulting  from  suspended 
aeration  of  the  blood ;  that  of  '  sinking  at  the  stomach/  as  it  is  vulgarly 
but  expressively  described,  which  results  from  strong  mental  emotion;  the 
sexual  sense,  and  perhaps  some  others. — ^Now  in  regard  to  all  these,  it 
is  impossible  in  the  present  state  of  our  knowledge  to  say,  whether  their 
peculiarity  results  from  the  particular  constitution  of  the  nerves  that 
receive  and  convey  them,  or  only  from  a  modification  of  the  impressing 
causes,  from  the  particular  endowments  of  their  ganglionic  centres,  and 
from  the  mode  in  which  they  operate.  Thus  we  have  no  evidence  whether 
the  nervous  fibrils  which  convey  from  the  lungs  the  sense  of  distress 
resulting  from  deficient  aeration,  are  of  the  same  or  of  a  different  cha- 
racter from  those  which  convey  from  the  surface  of  the  air-passages  the 
sense  of  the  contact  of  a  foreign  body.  But  as  we  know  that  all  the 
trunks  along  which  these  peculiar  impressions  travel,  do  minister  to 
ordinary  sensation,  whilst  the  nerves  of  tnily  *  special*  sensation  are  not 
sensible  to  tactile  impressions,  it  is  evident  that  the  probability  seems  in 
fevour  of  the  identity  of  the  fibres  which  minister  to  these  sensations, 
with  those  of  the  usual  sensory  character.  We  shall  see  that  with 
regard  to  the  sense  of  Temperature,  there  is  strong  evidence  that  its 
peculiarity  depends  on  the  speciality  of  the  apparatus  by  which  impres- 
sions are  received  at  the  periphend  extremities  of  the  tactile  nerves, 
rather  than  upon  any  peculuirity  in  the  transmitting  fibres. 

582.  There  are  certain  external  agencies  which  can  excite  changes  in 
the  Sensorium  through  several  different  channels ;  the  sensation  being  in 
each  case  characteristic  of  the  particular  nerve  on  which  the  impression 
is  made.  Thus  pressure,  which  produces  through  the  nerves  of  common 
sensation  the  feeling  of  resistance,  is  well  known  to  occasion,  when  exerted 
on  the  eye,  the  sensation  of  light  and  colours ;  and,  when  made  with 
some  violence  on  the  ear,  to  produce  *  tinnitus  auriimi.'  It  is  not  so  easy  to 
excite  sensations  of  taste  and  smell  by  mechanical  irritation ;  and  yet,  as 
was  shown  by  Dr.  Baly,*  this  may  readily  be  accomplished  in  regard  to  the 
former.  The  sense  of  nausea,  may  be  easily  produced,  as  .is  familiarly 
known,  by  mechanical  irritation  of  the  fauces.  Electricity  still  more 
completely  possesses  the  power  of  affecting  all  the  sensory  nerves  with  the 
changes  which  are  peculiar  to  them ;  for,  by  proper  management,  an  indi- 
vidual may  be  made  conscious  at  the  same  time  of  fia^es  of  light,  of 
distinct  sounds,  of  a  phosphoric  odour,  of  a  peculiar  taste,  and  of  pricking 
sensations,  all  excited  by  the  same  cause,  the  effects  of  which  are  modi- 
fied by  the  respective  peculiarities  of  ihe  instruments  through  which 
it  operates. — But  although  there  are  some  stimuli  which  can  produce 
sensory  impressions  on  all  the  nerves  of  sensation,  it  will  be  found  that 
those  to  which  any  one  organ  is  peculiarly  fitted  to  respond,  produce  little 
or  no  effect  upon  the  rest.  Thus  the  ear  cannot  distinguish  the  slightest 
difference  between  a  luminous  and  a  dark  object.  A  tuning-fork,  which, 
when  laid  upon  the  ear  whilst  vibrating,  produces  a  distinct  musical  tpne, 
excites  no  other  sensation  when  placed  upon  the  eye,  than  a  slight  jarring 
feeling.  The  most  delicate  touch  cannot  distinguish  a  substance  which 
is  sweet  to  the  taste,  from  one  which  is  bitter ;  nor  can  the  taste  (if  the 
communication  between  the  mouth  and  the  nose  be  cut-off)  perceive  any- 

•  Translation  of  MUUer'a  "  Elements  of  Fbynology/*  p.  1062,  note. 
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thing  peculiar  in  the  most  itrongly-odoriferoufl  hodies. — It  maj  faenoe  be 
inferred  that  no  nerve  of  ^ciai  sensation  can,  by  anj  poesibUity,  Cakc-oo 

the  fttnctioo  of  another. 

2*  Sense  0/  Touch. 

583.  By  the  sense  of  Touch,  as  commonJy  understood,  la  meaitt  that 
modification  of  the  common  eeniibtlity  of  the  body,  of  which  the  Cuta- 
neous sur&ce  is  tiie  especial  aeat.  The  Skin  ia  peciiljarly  adapted  tbr  ihh 
purpose,  not  merely  by  the  large  amount  of  sensory  nervoua  fibres  which 
arc  distributed  in  its  siib3t;anoe,  but  also  by  its  possession  of  a  |>upiIbTV 
apparatus  in  winch  these  nerves  for  the  most  part  terminate,  or  rtitjjer 
commence.  The  pfipilltM  are  Uttle  elevations  of  the  surfiice  of  the  cutis, 
iiflually  simply -conical  or  clavate  in  fonu  (Fig,  122),  but  sometimes  pre- 
senting ntmierous  summits.  On  the  palmar  sur&ce  of  the  hand,  tJiay  are 
arranged  in  rows  ;  and  tliey  are  there  so  numerous,  that  (according  to  E. 
II.  Weber)  aa  nmny  as  61  compound,  or  irom  150  to  200  simple  pupillir, 
are  contamed  within  the  area  of  a  square  (Paris)  line.  The  papillae  mre 
also  very  numerous,  though  without  any  definite  arrangement,  on  the  red 
suriace  of  the  lips,  on  the  f^enis  of  the  male,  on  the  labia  minora  and  cUtoria 
of  the  female,  and  on  tlie  nipples  of  both  sexes;  but  elsewhere  tbey  are 
scattered  more  widely  apart i  Each  sensory  papilla  receives  one  or  mora 
nerve-fibrea  from  the  plexus  which  is  formed  by  the  iRoseulation  of  ilie 

ramifications  of  the  cutaneous 
Fifl,  12a.  nerves  (Fig,  122) ;  and  tbetse 

nerve- fibres  aeem  to  termi- 
nate (at  legist  in  the  papilla 
of  the  pilui  of  the  hand 
and  of  the  \\\m^  and  in  the 
simple  papilise  of  the  tongue) 
in  a  j>eculjar  '  a*\iie  body,' 
which  occupies  the  princiiial 
part  of  the  interior  of  the 
papilla  (Fig.  123).  ^Tuh 
regard  to  the  nature  of  thi-i 
body,  there  has  been  cou- 
!?iderable  discitssiou  betiveen 
Prof  Wagner,  its  discoverer, 
iind  Prof,  Ktilliker  :♦  the  far- 
mer regarding  it  as  an  orpm 
altogether  snigentrU;  whilsc 
the  latter  maintains  that  it 
is  nothing  else  than  a  tnaas 
of  homogeneous  conjiectird 
tissue  with  an  external  layer  of  imperfectly*developed  elaetie  tissue,  and 

*  g«e  Prof.  Wngner  in  tbo  G5ttii}geu  **  G^dtibrte  Nivhriohten*'  for  Feb.  1S52,  aad 
**Miimr*fi  Archiv,"  1862,  heft  4;  and  Prof.  Koniker  iu  "  Zeitacbrift  fur  WineQ* 
ftcbiiftljcbcZoologje,"  June,  1852,  and  in  hi«  "Mikr(iBkt>pi*ebeADfttomiD,*'  band  \u  p,  24. 
See  Elaq  Dftl sell,  in  **  Kdiub.  Monthly  Jouro.,"  Murcb,  ia&3  ;  Ecker,  '*  loon.  Physiol,,*' 
plnt«  xni.  ;  Lejdifft  **AIiiller'H  Arcbiif/*  1856,  p.  50;  Oerlacb,  "Miknmkop,  Studieti,'* 
Erlaiigeii,  i&5@;  Kr»u«e,  '^Di«  Tonntnul  KurpercheD  der  Eiufaeli  ^Dsibela  N«rT«iip'^ 
Hinor^'y  1860;  HuxJej,  in  "  Cyt?lop.  of  AMt.  iitid  Physiology/*  Supplem^nV  Art. 
^f«gtifEietitary  Orgnoi/  I869j  p,  503  ;  Meismer,  '^  BeitrAjre,"  pkt«  i.  fi^  6  and  %  ; 
Henle,  *  ^  Enudbucb  der  Syf}U;iuat,  AiLiitomie,"  1163,  band  il  p.  13;  Firk,  **  Ldirhiteh 
der  AtiAtomle  der  dinnefl  Orgnne,*"  1862^  p*  %% 


?i«rtlcal  Section  of  Ike  8kiti  of  the  palmu-  Btu-flu^  of  tke 

/i  ■  ■     ■ 

fono  a  tenniuul  pltnut^cif  wbfBhtke  altiniAte  runlfitntibnM 


fDri^Aagor  {iitoX&A.  with  k  lotntion  of  cuoilic  i^dft},  ihow- 


In^tbe  tjroficheii  of  cutiiaeofu  neirei,  a«  i,  LnoictilAtlii^  to 
atermiuul  pltiujt.Q'fwbfBlitkea''^      ^  '"    ' 

inta  tko  OQtaiuoiui  ptpills,  e,  e^  c. 
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cinian  bodies/*  A 
very  simple  form 


that  it  is  essentially  similar  to  the  bundles  of  fibrous  tissue  encircled  by 
elastic  fibres,  which  are  to  be  found  in  the  substance  of  the  cutis.  This  last 
view  is  in  the  main  supported  by  Mr.  Huxley,  who  regards  the  *  axile  body ' 
as  formed  by  the  continuation  and  increased  development  of  the  neurilemma 
of  the  nerve-tubes  which  enter  the  papilla,  and  as  bearing  a  close  re- 
lation to  the  *  Pa- 

Fia.  123. 
▲  B 

of  the  axile  bodies 
has  been  described 
by  Krause  as  occa- 
sionally occurring 
in  the  conjunctiva, 
lips  and  soft  palate, 
in  the  tongue,  and 
in  the  glans  penis 
and  glans  clitoridis. 
Here  the  nerve 
forms  a  '*  terminal 
button  or  knob," 
consisting  of  a  de- 
licate sheath  dotted 
with  nuclei  and 
filled  with  granular 
plasma,  into  which 
the  cylinder  axis 
of  the  nerve  enters, 
terminating  by  a 
simple  blunt  extre- 
mity. In  the  Pacinian  bodies,  a  more  complex  structure  is  met  with  than 
in  either  of  those  just  mentioned,  the  chief  difference  being  that  instead 
of  a  single  sheath,  there  are  many  investing 
capsules;  a  space  being,  however,  always  left 
between  the  innermost  one  and  the  ex- 
tremity of  the  nerve,  in  which  a  fluid  or 
semi-fluid  siibstance  is  contained.  Dr.  Bealcf 
appears  to  doubt  the  termination  in  any  in- 
stance of  sensory  nerves  by  free  extremities ; 
for  he  has  everywhere  obtained  demonstra- 
tive evidence  of  a  network,  the  fibres  being 
oflen  of  extraordinary  tenuity.  He  believes 
that  in  the  papillae  of  the  Skin,  and  even  in 
the  Pacinian  bodies,  afler  becoming  connected 
with  nuclei  or  corpuscles  the  nerve-fibres  turn  or  loop  back  to  the  cell 
from  whence  they  originate.  That  the  axile  corpuscles  of  Wagner  are  inti- 
mately associated  witib  proper  nervous  tissue,  is  clearly  shown  by  the  fiitty 
d^eneration  they  undergo  on  section  of  the  nerves  supplying  them.  It  was 
maintained  by  Wagner,  that  the  papillie  which  contain  the  axile  bodies,  and 

*  See  bis  Memoir  *  On  the  Stracture  and  Relation  of  the  Corpuscnla  Taetas,*  in  the 
'*  Quarterly  Joomal  of  Microscopical  Science,"  vol.  ii.  p.  1. 
t  Scale's  "  Archives  of  Medicine,''  vol.  iii.  p.  236. 

R  R 


Tactile  Papillie  from  the  Skin  of  the  palmar  sorface  of  the  fore- 
finger, showing  the  tactile  eorpiucle*  or  'axile  bodies':— a,  in  the 
natural  state ;  b,  treated  with  acetic  add. 


Fio.  124. 


Capillary  loops  in  Cuianeou$  papUUs 
at  margin  of  lips. 
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to  which  tierve-fibres  proceed,  contain  no  blootl-vesseU  sare  by  eoaledcence 
with  avascular  papilla;  whilst  the  vaacukr  papillas  which  contain  capillar|r 
loops  (Fig,  1 24 )» constitute  a  diatinct order,  eontaiiiingno  nerve-fibr^  Tlui 
however,  m  denied  by  Prof.  KiiUiker;  who  asserts  that  the  corpum^ulated  pa- 
pilla; of  the  palm  of  the  hand  often  contain  veesels,  whilst  the  vagcuJar  |iapijjb 
of  the  lip  contain  nerves.  Mr.  Huxley  states  (loc,  cit.)  that  in  the  htunaii 
finger  he  baa  met  with  corpuscuJated  papiUee  containing  yascular  loopSi 
though  rarely* — The  qiiofition  must  be  regarded  as  still  open  to  inTestiga^ 
tion ;  the  undoubted  association  of  capillary  loops  and  nerve- tubes  in  the 
fungi  form  papillEe  of  the  Tongue  (§  592)  rendering  it  improbable  tliat 
there  should  be  a  complete  dissociation  of  them  in  the  tactile  papiUie  of 
the  Skin ;  whilst,  on  the  other  hand,  the  presence  of  a  true  (va^^^tdar) 
papillary  structure  where  a  thick  epidermis  has  to  be  formed,  as  on  the 
sole  of  the  foot  or  the  matrix  of  the  nai^  seems  to  indii^te  that  the 
vascular  papillse  of  the  palm  of  the  hand  may  probably  be  destined 
ratlier  to  this  office,  than  to  participate  in  sensibility.  As  the  *  axile' 
and  '  Pacinian  bodies*  are  only  to  be  found  in  the  papilla  of  thoee  parts 
which  are  distinguished  ibr  acuteneas  of  tactile  sensibility,  we  caiinot 
regard  tliem  as  essential  to  the  exercise  of  the  aenae  of  touch ;  tlieir  func- 
tion probably  being  to  intensify  tactile  impressioiis,  where  deHcacy  of 
touch  is  peculiarly  required.* 

584.  The  relative  sensibilify  of  different  parts  of  the  Skin  may  be  in 
some  degree  judged-of  by  the  resulta  of  tlie  obBerTations  of  Prof  E*  H* 
Weber  ;f  whose  mode  of  ascertaining  it  was  to  touch  the  surface  with  the 
legs  of  a  pair  of  compasses,  the  points  of  which  were  guarded  with  pieo^i 
of  cork,  and  then  (the  eyes  being  closed)  the  legs  were  approximiitaflH 


itntil  they  were  brought  within  the  smallest  distance  at  which  they  coi 
be  felt  to  be  distinct  from  one  another,  which  has  been  termed  by  jy^, 
Graves  *  the  limit  of  confusion/ — The  following  are  some  of  the  measui^ 
menta  thus  taken  :— 


Foiat  of  tonj^e  ,     .     .     .     .     )Dr&lmep 
Falmar  inr&ce  of  tliird  phalanx   1  Hue. 
Bed  BOT&oe  of  Ups  .     .  *  *     .     2  liaeSi 
Pfdio&r  flQfffi4se4if  aeonti  d  phal aqx  2    ,  f 
Falmbt-  surfaofl  of  mttacMUpua     3     „ 
Tip  of  thp  ^ose  .     .     ,     .     *     S     „ 
Bonuni  und  ed£;e  of  tongue    .     4     ,, 
Fart  of  lips  coT^red  bjr  akin    .4     ,, 
Fftltn  of  haod     .     *     «     .    .     5    ^, 
Skin  of  eLeek     *     *     ,     ,     *     ^    ^t 
Bxti^mitj  of  great  toe .     .     •     5     ,, 
H»rd  palate   ..«...€,, 
Doreuiu  of  baud      ^     ,     .     ,     8     ,, 


MneoQS  membfAne  of  gujQi 
Lover  part  of  fonsh^ad 
Lower  part  of  ooeipat 
Back  c^f  kand      «    ^ 
Vertex      ^     ,    »    , 
6kia  over  patella    . 
sa<!ruin    , 


I>orffam  of  foot   ,     , 
Ski  a  orer  a  tern  a  tn  « 
Ekia  beneath  ouclpot 
Skia  over  spine.  In  back 
Middle  of  the  thigh   . 


Klines. 

»■:. 

18  „ 
18  „ 
20     „ 

80     „ 


It  is  curious  that  the  distance  between  the  1^  of  the  compasses,  as  wi 
ja3  the  rapidity  of  their  motion  when  they  were  lightly  drawn  over 

*  la  proof  of  whi<!h,  yariouji  iagenioai  expenmeatA  hare  beaa  made  bj  Emua«  {m« 
'^Zmtsdirifl  fUr  Bal  Med.,*^  XTii,  p,  278)*  He  explalaa  their  preBeoee  la  thf  meieaierf 
of  the  Cat  ai  ooQaected  with  the  mechaaism  aod  arrangement  of  the  riacem  reqnirvik 
for  the  act  of  springing. 

+  For  ttimilar  otp^rimenU^  performed  by  Br.  Ballard^  see  "Lancet/'  1S62;  »ol,  L 
p.  S03*  Br.  B,  found  thiit  ia  the  hand  the  tip  of  iiie  index  finger  wa«  the  moiit,  tli« 
doraal  aorfac«  of  the  haa&  of  the  fifth  metacarpal  bone  the  leasts  eeasitiTit  part  ;  Iba 
limit  of  confniiion  in  the  former  bpinf;  (l%'!5  of  a  liae,  in  the  tatter  5  liaca* 
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akin,  seemed  to  be  greater  (although  really  so  much  less),  when  it  was 
felt  by  the  more  sensitive  parts,  than  when  it  was  estimated  by  parts  of 
less  distinct  sensibility.  With  the  extremities  of  the  fingers  and  the  point 
of  the  tongue,  the  distance  could  be  distinguished  most  easily  in  the  lon- 
gitudinal direction ;  on  the  dorsum  of  the  tongue,  the  &ce,  neck,  and 
extremities,  the  distance  could  be  recognized  best  when  the  points  were 
placed  transversely.  As  a  general  &ct,  it  seems  that  the  sensibility  of  the 
trunk  is  greater  on  the  median  line,  both  before  and  behind,  and  less  at 
the  sides.  DifEerences  in  the  temperature  and  weight  of  bodies,  were, 
according  to  Prof.  Weber's  observations,  most  accurately  recognized  at 
the  parts  which  were  determined  to  be  most  sensible  by  the  foregoing 
method  of  inquiry.* — It  has  been  since  found,  however,  by  Prof.  Valentin, 
who  has  foUowed-up  and  extended  Prof.  Weber's  observations,  that  a 
considerable  amount  of  individual  variation  exists  in  regard  to  the  *  limit 
of  confusion ;'  some  persons  being  able  to  distinguish  the  points  at  one- 
half  or  even  one-third  of  the  distances  required  by  others.  Czermakf 
has  drawn  attention  to  many  curious  fects  in  relation  to  the  "  sense  of 
space,"  or  "  locality"  possessed  by  the  skin ;  and  has  particularly  shown 
that  two  points  may  be  much  more  closely  approximated,  and  yet  distin- 
guished as  two,  if  they  are  applied  one  afler  the  other,  than  if  they  are 
applied  together.  The  delicacy  of  the  sense  of  touch  is  diminished  if  the 
skin  be  either  artificially  or  naturally  stretched ;  hence  the  skin  of  the 
belly  is  less  sensitive  during  pregnancy  than  under  ordinary  circum- 
stances, and  this  may  also  in  some  measure  serve  to  explain  the  diminu- 
tion in  sensibility  which  occurs  in  the  passage  from  childhood  to  adult 
age,  though  the  difference  is  no  doubt  partially  due  to  the  increased 
thickness  of  the  epithelium.  The  theory  of  the  sense  of  touch  which  has 
been  suggested  by  Fick,  is  that  each  nerve-fibril  breaks  up  into  a  pencil 
of  fine  filaments  at  the  periphery,  which  are  distributed  over  a  certain 
space,  perhaps  on  the  average  about  1-2  5th  of  an  inch  in  diameter.  An  im- 
pression made  upon  any  one  of  these  filaments  conveys  the  same  sensation 
to  the  sensorium,  providing  no  other  nerve 
be  distributed  to  the  same  space  ;    but  this  Pio- 125. 

hardly  ever  occurs,  and  hence  compound  sen- 
sations arise,  by  which  our  perception  of  the 
precise  spot  of  the  skin  touched  by  a  point 
is  accurately  determined.  Thus  if  we  suppose 
the  distribution  of  nerves  to  be  represented 
by  the  circles  a,  b,  c,  (Fig.  125)  single  sensa- 
tions would  be  produced  if  a,,  point  were 
applied  at  1,  2,  or  3,  but  a  compound  sen- 
sation would  be  produced  if  contact  were  made 
at  4  or  5,  for  the  fibrils  of  two  nerves,  a  and  c,  or  b  and  c,  would  be 

*  Sea  hiB  Memoir  ''De  Pulsn,  Respiratione,  Audita,  et  Tacta/'  Lipsise,  1834.  See 
also  "  Reeherches  Bar  la  Nature,  la  DUtributioQ,  etVOrgane  da  Sens  Tactile/'  by  M.  H. 
Belfield-LefdvTe,  Paris,  1837;  and  Prof.  Valentin's  **Lehrbach  der  Physiologie  des 
Mensohen,''  band  iL  §  566. — In  the  Author*a  article  *  Touch*  in  the  **  Cyclopaedia  of 
Anatomy  and  Physiology,"  rol.  iv.  p.  1169,  will  be  found  a  Table  including  the  whole 
series  of  observations  made  by  Profra.  Weber  and  Valentin,  the  maxima  and  minima 
of  the  latter  being  stated,  as  well  as  the  meant. 

t  "Sitxungsberichte  der  Wiener  Akad.,"  band  zvii.  p.  563,  band  xzir.  p.  231; 
and  "MoleschoU's  Untenach.,"  band  i.  p.  188. 
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implicated ;  whibt  if  tli6  itnpresaion  were  tnacle  at  G,  a  BtUl  more  comply 
senaation  would  arise,  for  t,Len  the  peripheral  bntnehes  of  these  ner%^es  woiil^ 
be  affected.  It  b  ahvioua  that  the  closer  these  *  sensory  t?ircles*  are,  and  the 
more  iDtimabelj  the  hranches  of  different  nenrea  are  interciiJated  with  nnc 
another,  the  greater  will  be  the  noeuracy  of  t1ie  sense  of  locality  of  that 
part^  or,  in  other  words,  the  greater  will  \m  the  facility  with  whicfc" 
tliinute  differences  in  the  precise  spot  touched  will  be  appreciated, 

585.  As  already  stated  (§  580),  tJie  only  idea  comnutnicated   to  on 
mindfi  by  tlie  sense  of  Tonch,  when  exercised  in  its  simplest  Ibrin,  is  tha 
of  jReiistfinee  ;  and  it  is  by  the  various  degrees  of  resistance  which  thi 
sensory  surface  encounters^   of  which   we  partly  judge  hy  the  niUBCuh 
sense   (§  524),  that  we  estimate  the  hardnens  or  softness  of  the  bod| 
against  which  we  press.     It  is  only  when  either  the  sensory  sur^ce 
the  substance  touched  is  made  to  change  its  place  in  regard  to  the  other, 
that  we  obtain  the  additional  notion  of  extension  or  ^pace ;   this  also 
being  derived  from  the  combination  of  the  muscular  with  tlie  Uictilc 
sense.     By  the  impressions  made  upon  the  papilla?,  during  the  moretnenft 
of  the  tactile  organ  over  the  body  which  is  being  examined,  the  rough 
ness,  smoothness,  or  other  peculiar  characters  of  the  surface  of  the  lattj 
are   estimatecl.     Our  knowledge  of  f ami,  however^  is  a  very  com  pie 
proceesj  requiring  not  merely  the  exercise  of  the  sense  of  touch,  but  ^dmi 
great   attention  to  the  muscular  sensations, — It  is  chiefly,  as   fomierly 
remarked,  in  the  van'etf/  of  movementa  of  which  tlie  hand   of  Mnn  b 
capable,  that  it  is  superior  to  that  of  any  other  animal ;   ami  it  cannot  I 
doubted  tliat  the  sense  of  Touch  thus  employed,  aflbrds  us  a  very  inw 
portant  means  of  acquiring  infomiatioii  in  regard  to  the  external  world 
and  especially  of  correcting  many  vague  and  fallacious  notions  which  WB 
should  derive  firom  the  sense  of  Sightj  if  used  alone.     On  the  otiier  handj 
it  must  be  confessed  that  our  knowledge  would  have  a  very  liniitc*!  rtitige 
if  this  sense  were  the  only  medium  through  which  we  could  acquire  ideas*! 
It  is  probably  on  the  senaationB  communicated  through  the  Touch,   ilm 
the  idea  of  the  material  world,  as  something  external  to  ourselve*!.  chiefl| 
rests ;  but  this  idea  is  by  no  means  a  logical  deduction  from  our  experi«| 
ence  of  these  sensations^  being  rather  an  instinctiYe  or  intuitive  perception 
directly  excited  by  them. 

586.  Yarious   experini enters*    have  endeavoured   to   determine    th^ 
accuracy  with  which  the  Bkin  can  appreciate  impreiaions  of  weight 
pressure  when  unassisted  by  the  *  muscular  sense/  that  is,  when  the  p.art3 
experimentetl-on  ia  well  supported ^  as  when  the  hand  is  laid  upon  a  tabJo, 
Aubert  and  Kammler  Ibund  that  on  tte  iace  and  dorsal  surface  of  tli^ 
upper  extremity,  the  pressure  of  a  portion  of  elder-pith,  presenting  a  sur- 
face of  nearly  one- third  of  an  inch  square,  and  weighing  only   l-^Hrd  of  J 
a  grain  (2  Mgrnu),  could  be  distinguislied  ;  whilst  the  tips  of  the  fingertl 
required  a  weight,  presenting  tlie  same  superficies,  of  l-3rd  of  a  grain  or  I 
more,  and  the  toes  bs  much  as  8  graius,  before  any  sensiition  of  pre^a^ixo  ( 
was  ielt,     The  presence  of  the  minute  haii-s  on  the  face  was,  however,  J 
found  materially  to  influence  its  sensibility,  since  when  tliese  were  sliavod  o!r1 
it  was  much  diminished* — According  to  Weber,  differences  in  tlic  amotiiitof  1 
pressure  are  more  accurately  distinguished  if  tlicy  are  applied  succcsftivdyj 

"  Auljertand  K&iaralerj  "  Maleiohntt'i  Untorauoh./*  hiwid  v.  p.  H5;  Dohra^  *rZeita,J 

r.  %%%  Moti.;^  1800, 
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to  the  same  point,  than  if  they  are  estimated  coetaneously.  The  interval, 
however,  must  not  be  more  than  a  few  seconds,  unless  the  difference  be  con- 
siderable. Thus  when  4  ounces  and  5  ounces  were  successively  applied,  an 
accurate  judgment  of  the  difference  might  be  made  after  90  seconds ;  but  the 
difference  between  14*5  and  15  ounces  could  not  be  accurately  determined 
after  40  seconds.  If  the  bare  sense  of  pressure  were  asasted  by  the 
muscular  sense,  as  in  cases  when  the  hand  was  unsupported,  much  finer 
discrimination  was  always  displayed.  Thus  on  lifting  a  cloth  in  which 
weights  were  concealed,  Weber  found  that  ten  people  correctly  indicated 
that  a  weight  of  80  ounces  was  heavier  than  one  of  78  oimces.  Both 
Weber  and  Fechner*  appear  to  have  satisfactorily  shown  that  with  light 
weights  smaller  differences  are  perceived  than  with  heavy  weights. 
Thus  supposing  that  ounce  weights  are  distinguishable  in  the  ratio  of  29 
to  30, — I.e.,  that  a  weight  of  29  ounces  can  be  discriminated  when  attentively 
examined  from  one  of  30  oimces,  a  whole  oimce  requiring  to  be  added 
or  subtracted  before  certainty  is  attained; — when  drachms sxe  employed  the 
same  ratio  still  subsists,  only  that  in  this  instance  the  removal  or  addition  of 
one  drachm  to  a  weight  of  30  drachms  can  be  accurately  appreciated. 
Meissner  has  drawn  attention  to  the  fact,  which  must  be  familiar  to  most 
persons,  that  if  the  hand  or  foot  be  immersed  in  warm  water  or  mercury, 
the  only  sensation  experienced  is  that  of  a  ring  surroimding  the  limb  at 
the  surface  of  the  fiuid.  This  effect  is,  as  he  suggests,  probably  due  to 
the  circmnstance  that  the  pressure  is  applied  in  such  cases  witi  perfect 
uniformity  over  the  part  immersed,  and  therefore  causes  no  disturbance 
of  the  nervous  elements,  the  tactile  sense  being  only  excited  at  the 
line  where  the  pressure  produced  by  the  fluid  is  exchanged  for  that 
of  the  air. — ^Valentinf  has  endeavoured  to  ascertain  the  duration  of 
a  momentary  excitation  of  the  sense  of  Touch  by  rolling  a  spiked 
wheel  over  the  skin ;  when  slowly  rotated,  the  contact  of  each  spike  was 
clearly  discerned ;  but  when  only  1- 640th  of  a  second  intervened  between 
the  successive  blows,  they  could  no  longer  be  distinguished. — That 
the  conditions  under  which  certain  of  tibe  modifications  of  common 
sensation  operate,  are  in  some  respects  different  firom  those  of  ordi- 
nary Touch,  is  very  easily  shown.  Thus,  the  feeling  of  tickling  is 
excited  most  readily  in  parts  which  have  but  a  low  tactile  sensibility, 
namely,  the  armpits,  flanks,  and  soles  of  the  feet ;  whilst  in  the  points  of 
the  fingers,  whose  tactile  sensibility  is  most  acute,  it  cannot  be  excited. 
Moreover,  the  nipple  is  very  moderately  endowed  with  ordinary  sensi- 
bility ;  yet  by  a  particular  kind  of  irritation,  a  very  strong  feeling  may 
be  excited  through  it. — Again,  in  regard  to  Temperature,  it  is  remarked 
by  Weber  that  the  left  hand  is  more  sensitive  tJian  the  right ;  although 
the  sense  of  touch  is  imdoubtedly  the  most  acute  in  the  latter.  He  states 
that  if  the  two  hands,  previously  of  the  same  temperature,  be  plimged 
into  separate  basins  of  warm  water,  that  in  which  the  left  hand  is 
immersed  will  be  felt  as  the  warmer,  even  though  its  temperature  is  some- 
what lower  than  that  of  the  other.  In  regard  to  the  sensations  of  heat 
and  cold,  he  points-out  another  curious  fact, — that  a  weaker  impr^on 
made  on  a  large  surface,  seems  more  powerful  than  a  stronger  impression 
made  on  a  small  surface ;  thus,  if  the  forefinger  of  one  hand  be  immersed 

•  "Elemente  der  Psycbophysik,"  1860. 

+  '  Ueber  die  Daaer  der  Tasteindrilcke/  "  Arehiv  f.  Physiol.  Heilk.,**  band  zi.  p.  438. 
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in  water  at  104*^,  and  the  whole  of  the  other  hand  be  plunged  in  water  at 
102',  the  cooler  water  will  be  thought  the  warmer;  whence  the  weli- 
known  iixci^  that  water  in  which  a  finger  can  be  held,  will  ecaJd  the  whole 
hand.  Hence  it  also  follows,  that  nnnute  differences  in  tempemtnre, 
which  lire  imperceptible  to  a  ilngle  tinger,  are  appreciated  bj  plungiDg 
tlie  whole  hand  into  the  water ;  in  this  manner  a  difference  of  one- third 
of  a  degree  may  residily  be  detected,  when  the  same  Land  is  placed  siiecea- 
fiively  in  two  vessels.  The  judgment  is  more  accurate,  when  the  tempen- 
tnre  ia  not  much  above  or  much  below  the  usual  heat  of  the  body ;  just 
as  so uu da  are  best  diacrimiuated,  when  neither  very  acute  nor  very  gmre, 
587*  Some  further  experiments  have  also  been  made  by  Prof 
Weber,*  to  determine  whether  the  sense  of  Temperature  ia  received 
through  any  other  channel  thau  the  sensory  apparatus  contained  in  the 
integuments. — The  first  means  of  which  he  availed  himself  for  dedding 
tills  question,  was  that  afforded  by  the  results  of  accident  or  sni^cal 
operations,  in  which  a  portion  of  skin  had  been  left  deficient,  Thns^  in 
three  cases  in  which  a  large  portion  of  tlie  skin  had  been  destroyed  hf 
a  bum,  and  in  which  healing  had  not  advanced  bo  far  aa  to  renew  the 
organ  of  to^jch,  it  Wiis  Ibund  that  no  correct  discrimination  cotild  be  made 
between  two  siMitulas,  one  of  theni  at  a  tenijicrature  of  from  48"^  to  54*, 
the  other  of  from  113°  to  122^,  which  were  brought  into  contact  with  the 
denuded  snriace ;  so  that  one  of  these  patieius  thrice  affirmed  that  he  was 
being  touched  with  the  cold  body,  when  it  was  warm,  and  the  reverse. 
But  when  the  spatula  was  in  one  instance  made  somewhat  warmer^  and 
was  brought  into  contact  with  the  iinskinned  surface,  the  patient  felt  not 
heat  but  pain. — Another  means  of  gaining  information  on  tliis  potnt^  is 
afforded  by  the  ingestion  or  injection  of  a  large  quantity  of  wami  or  cold 
iluid  into  the  stomach  or  intestinal  canal.  Thus  Professor  Weber  states 
that  alter  drinking  a  tumbler  of  water  at  S2^  he  felt  the  cold  water  in  tlia 
mouth,  in  the  jialate,  and  in  the  pharynx,  as  far  as  the  Limits  of  the  sense 
of  touch ;  but  tlie  gradual  passage  of  die  cold  water  into  the  etomach  could 
not  be  perceived.  There  was,  it  ia  true,  a  alight  sensation  of  cold  in  the 
gastric  regbu ;  but  as  it  only  occupied  the  situation  of  the  anterior  wall  , 
of  the  stomach,  it  was  attributable  to  the  abstraction  of  heat  fi-om  ife^^l 
abdominal  integuments  in  contact  with  this.  In  an  opposite  expenmcn|H 
that  author  drank  quickly  three  glasses  of  milk,  tlie  temperature  of  tli€ 
first  of  which  was  158^^  that  of  the  second  145'^  whilst  that  of  tlie  third 
was  intermediate  between  the  two.  The  sensation  of  heat  could  not  be 
traced  lower-down  than  diat  of  tlie  cold  in  the  previous  experiment.  At 
the  moment  when  the  fluid  entered  the  stomach,  there  was  a  feeling  which 
remained  ibr  some  time,  but  which  could  not  be  distinguished  as  heatt 
being  mistakeable  for  cold.  In  onler  to  ascertain  the  sensation  produced 
in  the  large  intestine  by  cold  water,  an  injection  of  14  ounces  of  water  of 
the  temperature  of  65^  was  thrown  uji  tlie  rectum  ;  but  acarcely^  any 
senaation  of  cold  could  be  perceived  from  it.  In  another  instance,  21  ounces 
of  water  at  the  same  tenq^emture  were  thus  injected,  without  any  resulting 
aeosation  of  cold.  In  both  these  cases,  on  the  retnni  of  the  enema  a  f  ~ 
minutes  aller wards,  a  distinct  feelmg  of  cold  was  experienced  at  the  an 
When  water  of  so  low  a  temperature  as  4 5  J**  was  injected,  the  first  feef" 
excited  was  a  sensation  of  cold  in  tlie  immediate  neighbourhood  of 
•  '^Miiller'i  ArtJiiT,"  184P,  lifeft  it.  t,  27B-281 
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anus,  and  then  a  feeble  movement  in  the  bowels ;  but  a  little  time  after- 
wards, there  was  a  faint  sensation  of  cold,  especiaUy  in  the  anterior  wall 
of  the  abdomen.  This  sensation,  however,  remained  after  the  return  of 
the  water ;  and  may  hence  be  attributed  to  the  abstraction  of  warmth 
from  the  abdominal  integuments,  which  was  proved  to  have  taken  place, 
the  temperature  of  the  smrface  being  lowered  3**.  So,  again,  if  the  cavity 
of  the  nose  be  filled  with  cold  water,  the  coldness  is  only  perceived  in  the 
parts  of  the  cavity  which  are  most  endowed  with  the  proper  tactile  sense, 
namely,  the  neighbourhood  of  the  nostrils  and  of  the  phxurynx ;  and  it  is 
not  at  all  discernible  in  the  higher  part  of  the  cavity,  which  is  especially 
subservient  to  the  olfactory  sense.  But  when  the  water  injected  is  very 
cold  {e.g.  41°),  a  peculiar  pain  is  felt  in  the  upper  part  of  the  nasal  fossae, 
extending  to  the  regions  of  the  forehead  and  the  lachrymal  canals ;  this 
pain,  however,  is  altogether  different  from  the  sense  of  coldness. 

588.  From  the  foregoing  experiments  it  appears  fair  to  conclude,  that 
the  sensory  nerves  have  no  power  of  receiving  impressions  indicative  of 
difference  of  Temperature,  unless  those  impressions  are  communicated 
through  a  special  organ ;  but  they  afford  no  adequate  ground  for  the  sup- 
position, that  a  set  of  nerve-fibres  is  provided  for  their  transmission  dis- 
tinct from  those  which  minister  to  common  sensation.  This  conclusion 
is  confirmed  by  the  feet,  that  we  cannot  excite  impressions  of  heat  or  cold 
by  direct  application  to  the  trunks  of  nerves  which  we  know  must  con- 
duct such  impressions :  for  the  parts  of  the  skin,  immediately  beneath 
which  lie  large  nerve-trunks,  are  not  more  sensitive  to  moderate  heat  or 
cold  than  are  any  others ;  whilst  a  greater  degree  of  either  is  felt  as  pain, 
not  as  a  change  of  temperature.  Thus,  a  mixture  of  ice  and  water 
applied  over  the  ulnar  nerve,  affects  it  in  fift;een  seconds,  and  produces 
severe  pain,  having  no  resemblance  to  cold,  and  such  as  cannot  be  excited 
by  the  same  degree  of  cold  applied  to  any  other  region.  So  the  nerve  of 
the  tooth-pulp  is  equaDy  and  similarly  affected  by  water  of  43°  and  of 
112^ ;  either  application  causing  a  pain  exactly  similar  to  that  excited  by 
the  other,  or  to  that  produced  by  pressure.  The  same  is  true  of  the  im- 
pressions received  through  the  skin  itself,  when  they  pass  beyond  certain 
limits  of  intensity ;  thus,  the  sensation  produced  by  touching  frozen 
mercury  is  said  to  be  not  distinguishable  from  that  which  results  from 
touching  a  red-hot  iron.  Wimderli*  and  Fick,  moreover,  foimd  that 
sensations  of  heat  even  in  the  most  sensitive  parts  of  the  body  were  some- 
times mistaken  for  those  of  contact.  Thus  in  the  case  of  the  hand,  an 
erroneous  conclusion  was  arrived  at  six  times  out  of  105  trials,  and  on 
the  back  twelve  times  in  30  experiments.! 

589.  The  improvement  in  the  sense  of  Touch,  in  those  persons  whose 
dependence  upon  it  is  increased  by  the  loss  of  other  senses,  is  well  known ; 
and  the  remarkable  circumstance  noticed  by  Volkmann,  J  that  the  increased 
sensitiveness  which  results  from  frequent  experiments  made  upon  one  side 
of  the  body  is  experienced  also  in  the  nerve-fibres  distributed  to  the  oppo- 

*  Henle  and  Meissner  8  "  Bericht/*  1859,  p.  632. 

t  For  obsenratioDS  tending  to  show  that  the  sensations  of  touch  are  conyeyed  by 
channels  distinct  from  those  which  condact  painful  impressions,  see  Sieyekbg,  "Med.- 
Chir.  Eer.,"  1868,  p.  280. 

t  Volkmann,  '  Ober  der  Einflass  der  Cbung  anf  das  Erkennen  BaUmlicher  Dis- 
taoxen/  ''fiericht  der  Sachs.  GeseU. '*  1858. 
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aite  and  eJuieily  sjminetrical  pmis,  i©©ms  to  aliow  that  the  impncu'ei 
deHcacy  of  tlie  sense  ii  to  be  in  part  attributed  (aa  already  remarked)  toJ 
the  increased  atteatioti  whiaU  w  given  to  the  fletisations,  and  in  part,  it 
may  be  snmsised,  to  an  increased  development  of  the  tactile  organs  ihem- 
Bfllv^  resulting  from  the  Irequent  use  of  them.  Tlie  process  of  the 
acquirement  of  the  power  of  recognizing  elevated  characters  by  the  touch, 
ia  a  remarkable  example  of  this  improveability.  When  a  blind  peraon 
first  commcncea  learning  to  read  in  this  omnner,  it  is  neceaaazy  to  ta^e  a 
large  tyfje ;  and  every  individual  letter  must  be  felt  for  some  time,  before 
a  diitinct  idea  of  its  form  is  acquired.  After  a  short  period  of  diligent 
appiication,  the  individual  becomes  able  to  recognize  tbe  combiriatioa  of  | 
letters  in  words,  without  forming  a  sepjirate  couceptioa  of  each  lettisr  j 
and  can  read  line  after  linet  by  jiaasing  tlie  finger  over  erich,  with  cou* 
aiderable  rapidity,  \VTieu  thia  power  is  once  thoroughly  acquired,  die 
size  of  the  type  may  be  gradually  diminished ;  and  thus  blind  jjcrsona 
may  bring  ^leuiselvea,  by  su^cient  practice,  to  read  a  tyi>e  not  much 
larger  tlian  that  of  an  ordinary  large- print  Bible.  Tiie  case  of  Saunder- 
ion,  who,  although  he  lost  hia  sight;  at  two  years  old,  became  Professor  of 
Mathematica  at  Cambridge,  is  well  known  ;  amongst  hb  most  remarkable 
feculties,  was  that  of  distinguishing  genuine  medals  from  imitatiotis, 
which  he  could  do  more  accurately  tlian  many  connoisseurs  in  full  poe- 
session  of  their  senses.  Several  instances  are  recorded,  of  men  who 
became  eminent  as  Sculptors  after  the  loss  of  their  sight,  a(id  who  wera 
particularly  successful  in  modelling  portrait-busts;  here,  it  ia  obvious, 
not  merely  the  tactils  but  the  muscular  sensibility  must  be  grexitly  mug* 
mcnted  in  acuteness  by  the  habit  of  attending  to  it.  The  power  of  im- 
mediate recognition  of  individimls  by  the  slightest  contact  of  the  hands,  „ 
even  after  long  periods  of  tinje,  which  moat  blind  and  deaf  persons  hare  ^M 
displayed^  is  one  of  the  most  curioua  examjdes  of  the  mode  in  which  ^H 
tactual  perceptions  will  impress  themaelveB  on  the  memory,  whea  tiiey 
are  habitually  attended-to.  As  an  example  of  the  correct  notions  which 
may  be  convened  to  the  mind,  of  the  forms  and  surfaces  of  a  great  variety 
of  objects,  and  of  the  sufficiency  of  tJiese  notions  for  accurate  comparison, 
the  Author  may  mention  the  case  of  a  blind  friend  of  his  own,  who  haa 
acquired  a  very  complete  knowledge  of  Cotichology,  both  recent  aad  fossil ; 
and  who  is  not  only  able  to  recognize  every  one  of  tiie  numerous  sped- 
njcns  in  his  own  Gibinet,  but  to  mention  the  nearest  alliances  of  a  shell 
previously  unknoivn  to  him,  when  he  has  thoroughly  examined  it  by  bit 
touch.  Slany  similar  instances  might  be  cited,  one  of  tlie  most  neniai'k- 
able  being  that  of  John  Goughj  who,  though  blind,  was  a  noted  botauicrfj 
collector,  and  earned  his  livelihood  m  a  Jand-siu-veyor.  Severalcitdes are 
oii  record,*  of  the  acquirement,  by  the  blind,  of  the  power  of  dia^ 
tinguishing  the  colours  of  surfaces  which  were  similar  in  other  respects  ji 
and,  however  wonderfizl  this  may  seem,  it  is  by  no  means  incredible*  Fof 
it  is  to  Ijc  remembered,  that  the  difference  of  colour  depends  upon  th^j 
position  and  arrangement  of  the  particles  composing  tlie  surface,  whicl 

*  Among  the  bcst-Autbeiitdcateii  of  tbefie,  is  that  of  a  lady  who  became  Mind,  andl 
■fterwftidi  deftf,  in  oonaequence  of  au  atUvck  of  coDfluent  sioaU-pox  ;  cited  in  I>r.  Kiiid't 
"liOft  Seaaei/'  vol  ii.  p.  79,  from  the  "Aimual  Begifller'*  for  1758.— Dr.  Kiiio*! 
trealiHe  mny  \m  t^f^tned-to^  a?  omi^iniiig  n  large  ooUoetioti  of  tnteresiia^  cues  of  a 
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render  it  capable  of  reflecting  one  ray  whilst  it  absorbs  all  the  rest ;  and 
it  is  quite  consistent  with  what  we  know  from  other  sources,  to  believe 
that  the  sense  of  Touch  maj  become  so  refined,  as  to  communicate  a 
perception  of  such  differences.* 

3.  Sense  of  Taste. 

590.  The  sense  of  Taste  is  that  by  which  we  distmguish  the  sapid  pro- 
perties of  bodies.  The  term,  as  commonly  tmderstood,  includes  much 
more  than  this ;  being  usually  employed  to  designate  the  whole  of  that 
knowledge  of  the  qualities  of  a  body  (except  such  as  is  purely  tactile), 
which  we  derive  through  the  sensory  apparatus  situated  widiin  the  mouth. 
But  it  will  be  hereafter  shown  that  a  considerable  part  of  this  is  dependent 
upon  the  assistance  of  the  olf active  sense  (§  594) ;  which  is  affected, 
throxigh  the  posterior  nares,  by  the  odorous  emanations  of  all  such  bodies 
as  are  capable  of  giving  them  off;  and  the  indications  of  which  are  so 
combined  with  those  of  the  true  gustative  sense,  as  to  make  an  apparently 
single  impression  upon  the  Sensorium.  Moreover,  there  are  certain 
sensorial  impressions  received  through  the  organ  of  taste,  which  are  so 
nearly  allied  in  their  character  to  those  of  touchy  as  to  render  it  difficult 
to  specify  any  fundamental  difference  between  them ;  such  are  the 
pungent  sensations  produced  by  mustard,  pepper,  the  essential  oils,  &c. ; 
all  of  which  substances,  when  applied  for  a  siiicient  length  of  time  to  any 
part  of  the  cutaneous  surface,  produce  a  sensation  which  can  scarcely  be 
distinguished  from  that  excited  through  the  organ  of  taste,  in  any  other 
way  tJban  by  its  inferior  intensity,  and  by  the  absence  of  the  concurrent 
odorous  emanations.  The  taste  of  such  substances  might  therefore, 
perhaps,  be  considered  as  the  composite  result  of  the  impressions  made 
upon  the  sensorium  through  a  refined  and  acute  touchy  and  by  the  effect 
of  their  odorous  emanations  upon  the  organ  of  smell.  After  making  full 
allowance,  however,  for  all  such  as  can  be  thus  accoimted-for,  there 
remains  a  large  class  of  pure  sapors,  of  which  we  take  cognizance  without 
the  assistance  of  smell,  and  which  are  altogether  dissimilar  to  any  tactile 
impressions ;  such  are  the  hitter  of  quinine,  the  sour  of  tartaric  acid,  the 
sweet  of  sugar,  the  saline  of  common  salt,  &c.  The  smell  can  give  us  no 
assistance  in  distinguishing  small  particles  of  these  bodies,  since  they  are 
either  entirely  inodorous,  or  so  nearly  so  as  only  to  be  recognizable  through 
its  means  when  in  large  masses;  and  the  most  refined  touch  cannot 
afford  any  indication  of  that  kind  of  difference  among  them,  of  which  we 
are  at  once  rendered  cognizant  by  taste. — Of  all  the  *  special*  senses,  how- 
ever, that  of  Taste  is  most  nearly  allied  to  that  of  touch,  as  appears  from 
several  considerations.  In  the  first  place,  the  actual  contact  of  the  object 
of  sense  with  the  organ  through  which  the  impression  is  received,  is 
necessary  in  the  present  case,  as  in  the  preceding.  Again,  it  appears 
from  the  considerations  formerly  adduced  (§  480),  Qiat  there  is  no  special 
nerve  of  Taste ;  for  the  gustative  impressions  upon  the  front  of  the  tongue 
are  conveyed  by  the  Lingual  branch  of  the  Fifth  pair,  whilst  those  made 
upon  the  back  of  the  organ  are  conveyed  by  the  Glosso-pharyngeal,  both 
of  which  nerves  also  minister  to  common  sensibility ;  and  pressure  on 

*  For  8ome  additional  detaila  in  regard  to  the  sense  of  Touch,  see  the  AaUior^s  article 
'  Touch*  in  the  "  CyolopiBdia  of  Anatomy  and  Fhysiolosj/'  toL  It. 
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itie  trunk  of  either  of  these  nerves  giTes-rtse  to  pain,  which  is  not  the  cmi& 
with  either  die  olfactory,  the  optic,  or  the  auditory  uerFee.  MoreoTer, 
the  papillary  apparatus;  through  w}iich  the  gustative  inapressians  are 
made  upon  the  extremitiea  of  these  neryes,  is  essentially  the  mtsxe  ia 
etruclure  witli  that  of  tho  skm,* 

59  L  For  the  Guatative  aerve-fibres  to  be  impressed  by  ihe  difilitictivB 
properties  of  eapid  substances^  it  appears  requisite  that  Uiese  substances 
ahouJd  be  brought  iiito  immediatje  relation  with  them,  and  that  tliej 
should  penetrate,  in  tlie  state  of  solution,  tiirongh  the  investiuoita  of  the 
papiiJai,  into  their  substance.     This  would  saem  to  be  proved  by  the  two 
following   facts:    first^   that   every   substance,   whether  solid,    fluid,    or  i 
gaseouB,  wJiicfa   possesses  a  distinct  taste,  ib  more  or  less  soluble  in  the  1 
iltcds  of  the  moutJi,  whilst  substances  which  are  perfectly  insoluble  do 
not  make  their  presence  known  in  any  oilier  way  than  through  the  sense 
of  touch ;  and,  second,  that  if  the  most  sapid  substance  be  applied  in  a 
dry  state  to  the  i>apillary  surface^  and  this  be  also  dr^^  no  sensation  of 
taste  is  excited-     Hence  it  may  be  inferred  that  in  the  reception  of 
guatative  impressions,  a  change  is  produced  in  the  molecular  condition  of 
the  nerve- iibrea,  or,  to  use  die  language  of  Messrs*  Todd  and  Bowman, 
their  polarity  is  excited  by  the  direct  agency  of  the  sapid  matter  itselil 
This  change  may  be  induced,  however,  both  by  electrical  and  by  mecha- 
nical stimulation.    If  we  make  the  tongue  form  jiart  of  a  galvimic  circuit, 
a  peculiar  sensation  is  excited,  which  is  certainly  allied  rath^-  to  the  , 
guatative  than  to  the  tactile,  and  which  does  not  seem  to  be  due  (as  waa  J 
at  one  time  supposed)  to  the  decomposition  of  the  salts  of  tlie  saliva. 
And,  as  Dr,  Ba!y  has  pointed-out,'|  '^  if  the  end  of  the  finger  be  made  to  ' 
strike  quickly,  but  lightly^  the  surface  of  tlie  tongue  at  its  tip,  or  ita  , 
edge  near  the  tip,  so  as  to  afiect  not  the  substance  of  the  orgmnt  but  | 
merely  the  jjapitla'^  a  taste  sometimes  acid,  sometimes  saline,  like  the  i 
taste  produced  by  electricity^,  will  be  distinctly  perceived.    The  senBation 
of  taete  thus  induced  will  sometimes  continue  several  seconds  after  the  ' 
appEcation  of  the  mechanical  stimulus."     On  the  other  hand,  as  Wagn^"  | 
has  truly  remarked,  if  the  surtace  of  the  tongue  near  tlie  root  be  touched 
with  a  clean  dry  glass  rod,  or  a  drop  of  distilled  water  be  placed  u^iou 
it,  a  slightly  bitterish  sensation  is  produced  \  and  this,  if  the  pre^nire  be 
continued,  passes  into  that  of  nausea,  and  if  the  pressure  be  increased, 
even  excites  vomiting.     The  feeling  of  nausea  may  be  excited  by  meeha*  i 
nical  irritation  of  any  part  of  the  stu'&ce  of  the  fauces  or  soft  palate  ; 
and  this  feeling  is  certainly  much  more  allied  to  that  of  taste  than  to 
that  of  touch-     Fnrtlier,  it  has  been  observed  by  Henle,  Uiat  if  a  email 
current  of  air  be  directed  uf>oti  the  tongue,  it  gives  rise  to  a  cool  ealiad 
taste  like  that  of  saltpetre.     Thus  we  tind  that  the  peculiar  efbota  of 

*  For  some  pathological  eftaflfi  b«ariii^  itpoa  Ihe  quefltiou  of  tbe  imphcatiDQ  of  t3^ 
cbofda  tjtnpAai  ia  the  tenne  Qf  tftste,  «ee  Infiwl  luid  Loasiuift,  la  tbe  ^^  AaaAli  Uai* 
-rersali  di  Med,,"  1S52,  pp,  282-32^  ;  aad  Sttdb,  m  U^iA&  &ad  MelssDcr's  *^  Bembi^** 
1857,  p.  i588.  The  two  former  observers  believo  the  chorda  tjmpaQi  to  be  the  tro* 
aanre  uf  Lojiie  for  the  anterior  pftrt  of  tha  tongue,  by  whi(;b  swf^tji,  aalinei  piqa&ul,  aad 
aromatic  fiavours  are  distinguiahed,  wbikt  the  tuiiieral  acids,  astring&ata,  biit«rft, 
iJUcgtiQ^  putrefactive,  lutd  ditguaiing  ^rours  Are  chiefly  perceived  tbrougli  tbe  irloaso- 
])liaijngeai»  f^cbiif  tbioka  the  gloB^-pliAryugeAl  Der^ea  m^  especi&llj  ndspied  U>  per- 
ceive bttt«r*  KDd  the  Fifth  nerres  add  tutet.     (''Fhyftiulogie/*  1B$9,  p.  40S.) 

t  TratudaUoQ  of  ''  MUller'ii  Pbyaiijlogie/*  p.  lOtt!^  lOftt. 
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sapid  substances  upon  the  nerves  of  taste  may  be  imitated  to  a  certain 
extent  by  other  agencies :  and  it  also  appears  that  the  sensations  excited 
by  these  vary  according  to  the  part  of  the  gustative  sur&ce  on  which 
they  operate ;  mechanical  or  electrical  stimulation  of  the  front  of  the 
tongue  giving  rise  to  a  kind  of  saline  taste,  whilst  mechanical  stimulation 
applied  to  the  back  of  the  tongue  and  fauces  excites  the  feelings  of  bitter- 
ness and  nausea. — One  of  the  conditions  requisite  for  the  due  exercise  of 
the  gustative  sense,  is  a  temperature  not  departing  far  on  either  side  frx>m 
that  which  is  natural  to  the  body.  It  appears  from  the  experiments  of 
Prof  E.  H.  Weber,*  that  if  the  tongue  be  kept  immersed  for  nearly  a 
minute  in  water  of  about  125°,  the  taste  of  sugar  brought  in  contact  with 
it,  either  in  powder  or  solution,  is  no  longer  perceived ;  the  sense  of 
touch,  usually  so  delicate  at  the  tip  of  the  tongue,  being  also  rendered 
imperfect.  A  similar  imperfection  of  taste  and  touch  was  produced  by 
immersing  the  tongue  for  the  same  length  of  time  in  a  mixture  of  water 
and  broken  ice. 

592.  The  surface  of  the  Tongue  is  tmdoubtedly  the  special  seat  of 
gustative  sensibility  in  Man ;  though  the  sense  of  Taste  is  not  by  any 
means  restricted  to  that  organ,  being  diffused  in  a  less  d^ree  over  the 
sofb  palate,  the  arches  of  the  palate,  and  the  &uces.  It  is  on  the  tongue 
alone,  however,  that  the  papillary  apparatus  is  ftdly  developed ;  and  its 
structure  has  been  so  carefully  examined  and  described  by  Messrs.  Todd 
and  Bowman,f  that  little  remains  to  be  added  to  their  accotmt  of  it. — 
The  lingual  papillae  may  be  divided,  in  the  first  place,  into  the  Simple 
and  the  Compound;  the  former  of  which  had  previously  escaped  obser- 
vation, through  not  forming  any  apparent  projection.  The  Simple 
papillae  are  scattered  in  the  intervals  of  the  compoimd,  over  the  geneoral 
surface  of  the  tongue  ;  and  they  occupy  much  of  the  surface  behind  the 
circumvallate  variety,  where  no  compound  papillae  exist.  They  are 
completely  buried  and  concealed  beneath  the  continuous  sheet  of  epithe- 
lium, and  can  only  be  detected  when  this  membrane  has  been  removed 
by  maceration ;  they  are  then  found  to  have  the  general  characters  of 
the  cutaneous  papillae.  The  Compound  papillae  are  visible  to  the  naked 
eye ;  and  have  been  classified,  according  to  their  shape,  into  the  circum- 
vallate, ^Q  fungiform,  and  ihQ  filiform.  The  circumvallate  or  calyciform 
papillae  are  eight  or  ten  in  number,  and  are  situated  in  a  V-shaped  line 
at  the  base  of  the  tongue.  Each  consists  of  a  central  flattened  circular 
projection  of  the  mucous  membrane,  sur- 
roimded  by  a  tumid  ring  of  about  the  same  ele- 
vation, from  which  it  is  separated  by  a  narrow 
circular  fissure.  The  surface  of  both  centre  and 
border  is  smooth,  and  is  invested  by  scaly  epi- 
thelium, which  conceals  a  multitude  of  simple 
papillae.  The  fungiform  papillae  are  scattered 
singly  over  the  tongue,  chiefly  upon  its  sides 
and  tip.  They  project  considerably  from 
the  surface,  and  are  usually  narrower  at  CapiUa^  piezu  atfkngiform 
their    base  than    at    their   summit.      They  i«f»tta  of  the  Tongue, 

contain  a  complex   capillary  plexus  (Fig.  126),  the  terminal  loops  ot 

•  "  Miiller's  ArchiT/'  1847,  b.  842. 

t  "  Physiological  Anatomy  and  Phynology  of  Man,"  rol.  L  obap.  xv. 
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wludi  eutcr  the  numeroua  eimple  papillae  that  clothe  the  suHkoeof  the  ft^:^- 
Ibnn  body*  Atuldat  these  He  nerve- tubes,  which  probablj  have  a  looped 
arrangement;  and  the  epithelium  which  covers  tliem  is  so  tidily  aa  to 
allow  the  red  colour  of  tlie  blood  to  be  seen  through  it.  In  this  manm 
they  are  readily  distinguished  from  the  fihibrm  papille,  among  which  { 
they  lie.  The  Jf/Z/b^TK  papilla?^  like  the  preceding,  contiiin  a  plcacusof' 
capUlarieit  and  a  bundle  of  nerve-tibres,  both  terminn^g  in  loops,  which 
enter  the  ainiple  papillae  that  clothe  the  anrfuce  of  the  compound  body; 
but  instead  of  being  covered  with  a  thin  ficaly  epitheliimi,  they  ute  fur- 
nished with  bundJea  of  long  pointed  processes,  some  of  wliicb  iipproach 
hiiirs  m  their  stiffne^  and  structiire.  These  are  immersed  in  the  mucus 
of  tlie  mouth,  and  may  be  moved  in  any  direction,  though  they  are 
geDeraliy  inchned  back wxirds*— The  Bimple  papillae  which  occur  in  an 
isolated  manner,  may  not  improbably  be  tactile  ;  wlulst  those  which  are 
Bggregnted  in  the  circunivallate  and  fungiform  bodies,  doubtless  minister 
to  the  sense  of  Tast^^  this  being  most  acute  in  the  actuations  wherein  they 
most  abound*  With  regard^  however,  to  the  office  of  the  flhform  papilla?, 
til  ere  seems  much  reason  to  coincide  in  the  opinion  of  Messrs*  T<>dd  and 
Bowman  i — "  The  comparative  tliieknesa  of  Uieir  protective  covering,  the 
stiiFnesa  and  bruali-Iike  arrangement  of  their  fikmientary  ]>TodiictioTja, 
their  greater  development  in  tJmt  portion  of  the  dorsum  of  the  toDgue 
which  ia  chiefly  employed  in  the  movements  of  mastication,  all  *?%ince 
the  subaervience  of  these  papillae  to  the  latter  function,  ratlier  tlwn  to 
that  of  taste ;  and  it  is  ovideiil;  that  tlieir  isolation  and  partial  mobility 
on  one  another^  must  render  the  delicate  touch  with  which  tliey  ajro 
endowed  more  available  in  directing  tlie  muscular  actions  of  the  organ. 
The  almost  manual  de]d£rity  of  the  organ,  in  dealing  with  minute  particles 
of  food,  is  probably  provided-for,  as  far  as  sensibility  conduces  to  it^  in 
the  structure  and  arrangement  of  tliese  papiUa^.^*  It  may  he  added,  tliat 
the  filiform  papillj)^  of  Man  seem  to  be  the  rudimentary  ^irms  of  those 
horny  epithelial  processes  w^hich  acquire  so  great  a  development  in  the 
tongues  of  the  C^imivoni,  and  wliicli  are  of  auch  importance  in  the  abrmaioii 
of  their  food.  Some  observers,  as  Billroth*  and  Stilling^  think  that  iu 
tiie  frog  the  nerves  o£  taste,  especially  in  the  fungiform  papiilaj^  ttirminate 
in  pmak  of  ejitremely  fine  Ebrils,  which  join  the  delicate-jioiuted  e^ctre- 
tnitiea  of  the  conical  non-ciliiited  epithelial  cells  covering  the  sununit  of 
liboM  pftptlhe  I  whilst  the  ciliated  opitheljul  cells  situated  on  their  sides, 
and  elsewhere  on  the  surface  of  the  tongue,  frequently  run  together  at 
their  haaes  into  granular  masses  or  j^eeta^  which  are  continuous  with  tho 
prolongatJoDs  of  the  connective  oorpusGlesi  and  through  the  intermediation 
of  Uieee  witii  tlie  Jine^  tTanaparent,  brandied  e^^tremities  of  the  subjacent 
modcular  dssue-Ebres.  Axel  Key  f  describes  the  nerye*libr6s  of  the  toisgae 
in  the  same  animal  as  being  varicose,  interrupted  near  their  extremity'  by 
a  cell^  from  which  they  are  continued  bm  rods  reaehing  the  nuHiice  in  the 
Intervals  of  the  epithelial  cells.   Hoyerf  and  H&rtmann,§  on  the  contrary, 

•  'On  the  EpitlialuU  C«kb c*f  tbe FrogV Tongne,'  '^MtUlefs ikt^Mv,"  185S,  p,  U9. 
t  "Eeiehflrt'i  A«Wv,"  1S61.  p.  32&. 

t  *  Mieroiodplo  Edieftrolies  dd  the  Toague  of  the  Frog/'  "R6ich£rl'«  Ardilr,**  ISCS^, 
p.  181, 
I  *  On  tli«  Mode  of  Termtaattoa  of  ih&  Nerrei  in  the  Tuague  at  the  Ff^'  *  *  ReicherC* 
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consider  that  these  appearances  are  the  result  of  manipulation ;  and  that 
both  the  muscular  and  nervous  fibres  of  the  tongue  terminate  in 
free  extremities,  as  was  originaDy  maintained  by  Waller*  to  be  the  case 
with  the  nerves  of  the  tongue  in  Man,  no  fibres  penetrating  the  limiting 
membrane  of  the  papill»,  or  forming  connections  with  the  investing 
epithelium. 

593.  The  simple  application  of  a  sapid  substance  to  the  gustative  sur- 
&ce  is  usually  siifficient  to  excite  the  sensation ;  and  if  this  application 
be  restricted  to  one  particular  spot,  we  are  able  to-  recognize  its  place 
'  more  or  less  distinctly.  In  this  respect,  then,  the  gustative  impression 
resembles  the  tactile ;  for  whilst  we  cannot,  by  our  own  consciousness, 
distinguish  the  parts  of  the  retina  or  of  the  auditory  apparatus  on  which 
visual  or  auditory  impressions  are  made,  we  can  make  ibia  distinction  in 
regard  to  the  siurface  which  is  supplied  by  the  nerves  of  general  sense. 
From  the  careful  experiments  of  Stich  and  Klaatsch,!  supported  as  they 
are  by  the  results  of  other  observations,  we  are  now  enabled  to  define 
with  some  accuracy  the  exact  seats  of  the  sense  of  taste.  It  exists  over 
the  whole  surface  of  the  posterior  third  of  the  dorsum  of  the  tongue,  on 
the  under  surface  of  the  tip,  and  in  a  band  or  line,  about  one  quarter  of 
an  inch  broad,  running  along  its  edge.  The  sense  is  also  well  defined  in 
the  posterior  part  of  the  hard  palate,  and  in  that  portion  of  the  soft  palate 
which  is  near  the  bone,  and,  lastly,  in  the  anterior  pillars  of  the  fauces. 
The  middle  and  anterior  part  of  the  dorsum,  the  gums,  posterior  pillars 
of  the  &uces,  and  the  inner  surface  of  the  lips,  possess  no  sense  of  taste. 
Bitters  and  acids  appear  to  be  the  substances  of  which  the  dilution  or 
attenuation  may  be  carried  to  the  greatest  extent,  without  ceasing  to  excite 
sensations  of  taste,  providing  a  si^cient  volume  of  the  solution  be  intro- 
duced into  the  mouth.  Thus,  according  to  Valentin,  one  part  of  extract 
of  aloes  or  of  sulphuric  acid  in  900,000  of  water,  and  even  one  part  of 
sulphate  of  quinine  in  1,000,000  of  water,  may  be  distinguished  if  heed- 
ftdly  compared  with  perfectly  pure  water.  The  contact  of  a  sapid  sub- 
stance much  more  readily  excites  a  gustative  sensation,  when  it  is  made 
to  press  upon  the  papillae,  or  is  moved  over  them.  Thus  there  are  some 
substances  whose  taste  is  not  perceived  when  they  are  simply  applied  to 
the  central  part  of  the  dorsum  of  the  tongue,  but  of  whose  presence  we 
are  at  once  rendered  cognizant  by  pressing  the  tongue  against  the  roof  of 
the  mouth.  The  full  flavour  of  a  sapid  substance,  again,  is  more  readily 
perceived  when  it  is  rubbed  on  any  part  of  the  tongue,  than  when  it  is 
simply  brought  in  contact  with  it,  or  pressed  against  it.  Even  when 
liquids  are  received  into  the  mouth,  their  taste  is  most  completely  discri- 
minated by  causing  them  to  move  over  the  gustative  sur&ce :  thus  the 
'wine-taster'  takes  a  small  quantity  of  the  liquor  into  his  mouth,  carries  it 
rapidly  over  every  part  of  its  lining  membrane,  and  then  ejects  it.  It  is 
not  improbable  that  this  exaltation  of  the  usual  efiects  is  simply  due  to 
mechanical  causes ;  the  sapid  particles  being  brought  by  the  pressure  or 

*  The  Author,  in  oonjanction  with  Messrs.  Bowman,  T.  Wharton  Jones,  and  Kieman, 
has  most  carefully  examined  the  mode  of  termination  of  the  nerves  in  the  fungiform 
papillsB,  with  the  riew  of  testing  the  ralidity  of  the  assertion  of  Dr.  WaUer  ("Phil. 
Trans.,"  1849)  that  they  hare  free  truncated  extremities.  No  such  terminations,  how- 
ever,  could  be  exhibited  to  them  by  Dr.  Waller. 

t  "  ArchiT  f.  Path.  Anat/*  band  xiv.,  1858,  p.  225,  and  band  xtH.  p.  80. 
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moireineat  into   more  rapid  and  complete  openition  on  the  nerve^BhresA 
than  tliey  would  he  if  simply  pk<!«d  in  contact  with  tlie  papillse. 

594.  The  inipreaBiona  made  upon  our  oonaciousness  by  a  large  pro*  I 
PDrtioii  oi'  sapid  substances  ore  of  a  complex  kind ;  being  in  part  derived^ 
firom  their  odorous  emanations,  of  which  we  take  cognijfnnce  tlirough  the 
orgatt  of  Smell*  Of  this  any  one  may  convince  himself  by  closing  the 
noetrilB,  and  inipiring  and  expiring  through  the  mouth  only,  whilst 
holding  111  the  moutlif  or  eTeu  rubbing  Isetween  the  tongue  and  the 
palate^  some  aromatic  substance  \  for  its  taste  is  then  scarcely  recogniased, 
although  it  is  immediately  perceived  when  its  effluvia  are  dra^vn  into  the 
noae.  It  is  well  known,  too,  that  when  the  sensibility  of  the  Schneideriaii 
membrane  is  bhmted  by  inflammation  (as  m  an  ordinary  ^  cold  in  thej 
head'),  the  power  of  diitinguisbing  flavoiu*s  Is  very  much  ditnini^c 
Ip  fact,  some  Physiologists  are  of  opinion  that  all  our  knowledge  of  th^ 
favour  of  aipid  substances  is  received  through  the  Smell ;  but  this,  ; 
already  shown,  would  not  be  a  correct  statement ;  and  there  are  cAses  od 
record  in  whicli  the  sense  of  SmeE  has  been  entirely  lost,  with  oat  anj 
impairment  of  the  true  sense  of  Taste;* 

595.  Taken  m  its  ordinary  composite  acceptation,  the  sense  of  Ta 
has  for  its  object  to  direct  us  in  the  choice  of  food,  and  to  excite  the  Hon 
of  mucus  and  saliva,  which  are  destined  to  aid  in  the  preparation  of  th 
food  for  Digestion,  Among  tlie  lower  Aninuda,  the  instinctive  percep- 
tiona  connected  with  this  sense  are  much  more  remarkable  than  our  own ; 
thus  an  omtdvoroiLS  Monkey  will  seldom  touch  fruits  of  a  poisonooa 
character,  although  their  taste  may  be  agreeable  ;  and  animals  who^  diet 
is  restricted  to  some  one  kind  of  food  will  decidedly  reject  all  oUiers. 
As  a  generid  rule  it  mny  be  stated,  tl^at  substances  of  which  the  taste  is 
agreeable  to  us  are  useful  in  our  nutritioni  and  vice  versa  ;f  but  there 


•  An  intereating  mm  of  \km  kind,  occurring  in  a  Negro  who  hni.  gra«lb&]]j  Io»i  |h« 
cdiaraM^riBtic  hue  of  bis  akin^  Jiud  had  iicqulrcd  the  fair  campkxioii  of  a  Eufo] 
his  be«a  put  on  record  by  Dr.  J.  C,  Eutchinaon.— ^Tbo  Olfactorj  nGr?e  see 
entiTtlj  pamljxed,  wfaDst  the  braiicfaea  of  the  5th  Fair  ret&iaed  their  intc^ljr 
m  tiut,  vMlst  the  proper  BeZLse  of  Smell  was  entirely  loHtk  n  pungeai  hurmag  seiMati 
VBi  eKCLted  bjr  IrritatLiag  rnpotirs^  and  the  application  of  id  off  iaduoed  »tk&e^ing. 
witliiBtanding  thia  deflcieDcj,  tbe  smws  of  Taflte,  proper] j  m  called,  did  not  Eeeu  Ui  bt 
Impaired  ;  for  aiibfltances  which  poBsesBed  neither  odour  nor  pungency  coutd  rejidily  b^ 
diBcdminatcd,  even  though  their  lastes  were  not  widely  difierent.  (See  '*  Amer.  Jt>Bra« 
of  Med.  Sci.,"  Jan,  1S52.) 

t  It  U|nfitly  remarked  by  Sir  H.  Holland  ('^Medical  Not«a  and  Refleotioits,"  p.  S£y, 
tbAt, — '  *  In  the  noojodtj  of  iiuitaacei  of  aetnal  illnesa,  provided  ttia  mal  fdeliogs  of  the 
patient  cad  be  eafelj  aaoertuaed,  his  deairea  aa  to  fW  aud  drink  mftj  be  saf«fy  com* 
phed-vith.    But  undoahtedlj  much  care  h  needful  that  w«  be  not  deceived  at  to  th« 
Btate  of  the  appetitea,  by  what  ia  mere^lj  habit  or  wrong  impreseioti  on  the  part  of  tb« 
patient,  or  tbe  effect  of  the  solicitation  of  others.     This  clfue  of  fienaatioui  it  mi 
nnrtured  out  of  the  course  of  nature,  than  are  those  which  relate  to  tlie  tempermtiirfi 
the  body.     The  miJid  heoooies  much  more  deeply  engaged  with  them  -  and  though 
aeyte  iHnoe  they  are  generally  jsubmitted  again  to  the  mLtnrol  bw^  tliere  are  tttai 
Itner  caset  whore  enough  remains  of  the  leaven  of  habit  to  render  erery  prci^iiiii 
ne^dfuL     With  such  precautions,  Lowever,  which  every  pbyaician  wiio  cau  take  scht 
ing  fi^m  experience  will  employ,  the  stomach  of  the  patient  becomeaa  Taln&b1«  gtiidii 
whether  It  dictate  abattnence  from  a  lecurrei^ce  of  food  -  whether  mo  eh  or  little  in  qttfti 
Uty  ;  whether  what  ia  solid  or  liquid  ;  whelher  much  drink  i>r  litlie  ;  wbetlier  thtiij 
wann  or  cold  ;  whether  sweet,  acid,  or  saline ;  whether  bland  or  siimalatlng  to 
tBAte."*     Further,  Blr  B.  Hglland  remarks  i  *^It   is  not  wholly  paiwiodcal  to  a^y 
we  ir«  anihomed  to  give  greatest  heed  to  ths  stomaoh,  whsEi  it  suggests  io 
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are  many  signal  exceptions  to  this. — ^Like  other  senses,  that  of  Taste  is 
capable  of  being  rendered  more  acute  by  education ;  and  this  on  the 
principles  already  laid  down  in  regard  to  Touch.  The  experienced  wine- 
taster  can  distinguish  differences  in  age,  purity,  place  of  growth,  &c., 
between  liquors  that  to  ordinary  judgments  arealike;  and  the  epicure 
can  give  an  exact  determination  of  the  spices  that  are  combined  in  a  par- 
ticular sauce,  or  of  the  manner  in  which  the  animal  on  whose  flesh  he  is 
feeding  was  killed.  As  in  the  case  of  other  senses,  moreover,  impressions 
made  upon  the  sensory  sur&ce  remain  there  for  a  certain  period ;  and 
this  period  is  for  the  most  part  longer  than  that  which  is  required  for  the 
departure  of  the  impressions  made  upon  the  eye,  the  ear,  or  the  organ  of 
smell.  Every  one  knows  how  long  the  taste  of  some  powerful  substances 
remains  in  the  mouth;  and  even  of  those  which  make  less  decided 
impressions,  the  sensations  remain  to  such  a  degree  that  it  is  difficult  to 
compare  them  at  short  intervals.  Hence  if  a  person  be  blindfolded,  and 
be  made  to  taste  substances  of  distinct,  but  not  widely-diflerent  flavours 
(such  as  various  kinds  of  wine  or  of  spirituous  liquors),  one  after  another 
in  rapid  succession,  he  soon  loses  the  power  of  discriminating  between 
them.  In  the  same  manner,  the  difliculty  of  administering  very  dis- 
agreeable medicines  may  be  sometimes  got-over,  by  either  previously 
giving  a  powerful  aromatic,  or  by  combining  the  aromatic  with  the 
medicine ;  its  strong  impression  in  both  cases  preventing  the  tmpleasant 
taste  from  exciting  nausea. 

4.  Sense  of  Smell. 

596.  The  Nasal  passages  may  be  considered  as  having,  in  air-breathing 
Vertebrata,  two  distinct  offices;  for  they  constitute  the  portal  of  the 
Respiratory  organs,  and  have  for  their  office  to  take  cognizance  of  the 
aeriGform  matter  as  it  enters  them,  and  to  give  warning  of  that  which  would 
be  injurious  (this  being  efEected  by  the  instrumentality  of  the  Fifth 
pair,  which  receives  the  impressions  of  gaseous  irritants,  and  excites  the 
act  of  sneezing  to  expel  them ;  whilst  they  also  contain  the  organ  of 
Smell,  which  is  formed  by  the  distribution,  over  a  certain  part  of  their 
membranous  wall,  of  the  Olfactory  nerve,  which  is  susceptible  of  being 
impressed  by  Odorous  emanations.  Of  the  nature  of  these  emanations 
the  Physical  Philosopher  is  so  completely  ignorant,  that  the  Physiologist 
cannot  be  expected  to  give  a  definite  account  of  the  mode  in  which  they 
produce  sensory  impressions.  Although  it  may  be  surmised  that  they 
consist  of  particles  of  extreme  minuteness,  dissolved  as  it  were  in  the  air, 
and  although  this  idea  seems  to  derive  confirmation  from  the  fiict  that 

extmyagance  of  diet.  It  may  be  that  this  is  a  mere  depraratioii  of  the  sense  of  taste  ; 
but  frequently  it  expresses  an  actoal  need  of  the  stomach,  either  in  aid  of  its  own 
functions,  or  indirectly  (ander  the  mysterious  law  just  referred- to)  for  the  effecting  of 
changes  in  the  whole  mass  of  blood.  It  is  a  good  practical  rule  in  such  cases  to  with- 
hold assent,  till  we  find  after  a  certain  lapse  of  time  that  the  same  desire  continues  or 
strongly  recurs  ;  in  which  case  it  may  generally  be  taken  as  the  index  of  the  fitness  of 
the  thing  desired  for  the  actual  state  of  the  organs.  In  the  early  stage  of  recoTery  from. 
long  gastric  fevers,  I  recollect  many  carious  instances  of  such  contrariety  to  all  rule 
being  acquiesced-in,  with  manifest  good  to  the  patient.  Dietetics  must  become  a 
much  more  exact  branch  of  knowledge,  before  we  can  be  justified  in  opposing  its  maxims 
to  the  natural  and  repeated  suggestions  of  the  stomach,  in  the  state  eiUier  of  health  or 
disease." 
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most  odorous  fiubstances  ar©  volatile,  aad  vice  versd, — jet  the  moat  deli- 
cate experinietita  have  failed  to  discover  any  ditninution  in  weight,  in 
certain  substances  (ae  niuak)  that  have  been  impregnating  a  large  quantity 
of  air  with  their  effluvia  for  aeveral  years;  whilst  there  are  some  volatile 
fluids,  such  as  water,  which  are  entirely  inodorous. 

597*  The  Oliactory  nerves  pass- down  irom  the  Olfeetoi^^  Ganglion 
in  the  form  of  very  nimieraua  minute  threads,  which  form  a  ji^- 
upon  the  surface  of  tke  Schneiderian  or  pituitaiy  membrane  ] 
129).  The  filaments  composing  this  plexus  are  described  by  Mfessrsi, 
Todd  and  Bowman*  as  differing  widely  in  structure  from  iJioee  of  ibe 
ordinary  cephalic  nerves ;  they  contain  no  white  substance  of  Soliwmim^ 
are  nucleated  and  &iely-gi^mular  in  texture,  and  altogether  bear  «  islose 
resemblance  to  the  gelatinous  ibnn  of  uerve- fibres 
(Fig.  127).  The  mode  in  which  these  nervea  termi- 
nate has  recently  been  the  suhj  ect  of  cloae  investiga- 
tion byHoyer,f  Schultze^J  and  Lockhart  Ci«rke.| 
Their  distribution  appears  to  be  limited  to  the 
membrane  covering  the  upper  third  of  the  sep- 
tum of  the  nose,  the  superior  turbinated  bone,  and 
perhaps  the  upper  part  of  the  middle  turbumted 
bone;  together  ivith  the  npper  wall  of  the  nasaj 
cavities  beneath  the  cribriform  plate  of  the  eth- 
moid bone  ;  all  which  surface  is  covered  (m 
Messrs.  Todd  and  Bowman  have  pohited-out) 
with  an  epithelium  of  a  rich  sepia- brown  hue* 
According  to  Schultze  these  epitliclial  cells  are 
divisible  into  two  seta :  one  of  these  (a.  Fig,  128) 
may  be  described  as  terminating  externally  by 
truncated  flat  sudaces  which  cannot  be  ob- 
serv^ed  to  be  covered  by  any  membrane 
separate  from  tlie  contents  of  the  celL  The 
contents  themselves  appear  to  consist  of  proto-plasnia  presenting 
a  yeDowish  granular  appearance  in  the  outer  p^t,  whilst  at  the 
lower  part  an  oval  nucleus  lying  in  clear  protoplasm  can  be  readily 
diBtinguished*  Towards  their  attached  extremity  these  cells  become 
attenuated,  and  can  be  traced  inwards  for  a  considerable  distance, 
when  ihey  expand  into  a  broad  flat  sheet  or  plate,  which,  whilst  it 
frequently  presents  a  granidar  appeai-ance,  is  never  coloured.  The  pro- 
cesses which  pass-off  from  this  sheet  appear  to  be  continuoni!  with  the 
fibres  of  the  Bubmucous  connective  tissue.  Towards  the  margin  of  tlie 
true  olfactory  region,  cells  (c,  Fig*  12B)  in  every  respect  analtigous  to 
those  just  described  are  found,  excepting  only  that  they  present  a  well- 
defined  band  or  seam  at  their  fi*ee  extremity,  which  ia  surmounted  hv^  a 
circle  of  cilia. — ^The  cells  of  the  second  set  (b.  Fig,  128)  have  been  described 
by  Schultze  as  continuations  of  the  nerves,  and  he  has  hence  termed  tliem 
'  Olfjictory  cells* ^     They  are  thin,  fibrous-  or  rod-like  bodies,  terminating 

•  **Phjii&logwil  Anatomy/*  ?ol.  ii*  p,  S. 
t  Hente  Md  Mttetier'i  **  Bflfieht,"  1B57,  p.  ^. 
X  '*  CTntetinebangeD  Uiier  dm  Enu  der  KMeaachleimbiiut,**  Hfille,  4to, 
I  '^ZeiU,  f.  Wtsficnji.  ZooL/'  band  xt.     For  «i  hbitnM^t  of  tbii  pnp«r,  ice  '^M«d** 
€bir.  Beviow"  for  1862,  toL  L  p.  521. 
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at  the  same  level  as  the  proper  epithelial  ceUs,  and  presenting  when  traced 
inwards  a  series  of  moniliform  or  varicose  swellings  which  are  directly 
continuous  with  outrunners  of  more  deeply-seated 
nerve-cells.  Closely  analogous  appearances  have 
been  seen  and  described  by  Lockhart  Clarke,  who 
states  that  the  Olfectory  Nerve-fibres  on  reaching 
the  base  of  the  epithelial  layer  divide  into  finer  and 
still  finer  branches,  to  form  a  network  witli 
numerous  interspersed  nuclei,  through  which  they 
are  probably  connected  with  the  "  Olfactory  cells" 
(/>  ^>g-  12^)>  although  he  has  never  been  able 
satis&ctorily  to  convince  himself  of  such  connec- 
tion. The  proper  epithelial  cylinders  (rf,  e)  are  con- 
nected at  their  bases  with  the  septa  formed  of 
connective  tissue  belonging  to  the  subepithelial 
glandular  layer. — The  remainder  of  the  nasal  sur- 
face is  supplied  by  the  Fifth  pair  only,  and  is  not 
endowed  with  sensibility  to  odours,  although  it  is 
susceptible  of  irritation  from  such  as  are  of  a  pun- 
gent nature ;  and  hence  it  is  that  we  cannot  distin- 
guish &int  odours,  imless,  by  h  peculiar  inspiratory 
efEort,  we  draw  the  air  charged  with  them  to  the 
upper  part  of  the  nose.  In  animals  living  in  the  air, 
it  is  a  necessary  condition  of  the  exercise  of  the  sense 
of  Smell,  that  the  odorous  matter  should  be  trans-> 
mitted  by  a  res|Hratory  current  through  the  nostrils, 
and  that  the  membrane  lining  these  should  be  in 
a  moist  state.  Hence,  by  breathing  through  the 
mouth,  we  may  avoid  being  affected  by  odours  even  of  the  strongest  and 
most  disagreeable  kind ;  and  in  the  first  state  of  a  catarrh,  when  tibe  ordi- 
nary mucous  secretion  is  suspended,  the  sense  of  Smell  is  blunted  from 
this  cause,  as  it  afterwards  is  from  the  excess  in  the  quantity  of  the  fiuid, 
which  prevents  the  odoriferous  effluvia  from  coming  into  immediate 
relation  with  the  sensory  extremities  of  the  nerves.  Hence  we  may  easily 
comprehend  how  section  of  the  Fifth  Pair,  which  exerts  a  considerable 
influence  over  the  secretions,  will  greatly  diminish  the  acuteness  of  this 
sense,  and  will  have  the  further  effect  of  preventing  the  reception  of  any 
impressions  of  irritation  from  acrid  vapours,  which  are  entirely  different 
in  their  character  from  true  odorous  impressions,  and  are  not  transmitted 
through  the  Olfactory  nerve  (§  503). 

598.  The  importance  of  the  sense  of  Smell  among  many  of  tlie  lower 
Animals,  in  guiding  them  to  their  food,  or  in  giving  them  warning  of 
danger,  and  ^so  in  exciting  the  sexual  feelings,  is  well  known.  To  Man 
its  utility  is  comparatively  small  under  ordinary  circiunstances ;  but  it 
may  be  greatly  increased  when  other  senses  are  deficient  Thus,  in  the 
well-known  case  of  James  Mitchell,  who  was  blind,  deaf,  and  dumb,  from 
his  birth,  it  was  the  principal  means  of  distinguishing  persons,  and  enabled 
him  at  once  to  perceive  the  entrance  of  a  stranger.  It  is  recorded  that  a 
blind  gentleman,  who  had  an  antipathy  to  cats,  was  possessed  of  a  sensi- 
bility so  acute  in  this  respect,  that  he  perceived  the  proximity  of  one  that 
had  been  accidentally  shut-up  in  a  closet  adjoining  his  room.      Among 
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Savage  tribes,  whose  senses  are'  more  cultivated  than  those  of  ovilbed 
nationsj  more  direct  iiae  being  mad^  of  the  powers  of  observsition.  the 
scent  IB  almost  as  acute  aa  in  the  lower  Manimaiia :  thus  it  la  aaserted 


IMstfil^ution  t>f  Uk?  0(/fldWy  Nt-rr/-  on  l\\v  Septum  Niui  Th*  srni'rf  Tia  re  beun  dlvitM  lij 
a  louirtiudiciBi  AtcMan  inAdt  imiacdStttel^  to  the  1«tt  of  ihc  n^'plunip  the  rl^btnfttvi  {irltiir  pir«^ 
fcrved  entire^.— 3.  Th^  ftoatal  dnoiL  3.  Ilii  ivMbI  iKtag.  9.  Tbo  ciisMi  E?^lt  prm^vs  ^tf  %hf 
c'Lhinold  bone.  4.  The  ffihonotdil  iliiiis  of  tha  left  side.  &  The  trTIa  tQ^ca.  0^  The 
baiiliur  pno^^fM  of  the  tpboidldll  iod  oedtttl*!  \t&fitK,  7-  Th«  p«>«t^o^  opei^Ln^  of  M  <'  ri^-li  t 
lurio.  S,  The  opeoXtm  of  tho  Boilai^Mtui  tube  In  the  upper  put  of  tbe  phatjii  ^ 
loft  pat«t«,  dirided  tbRKiKh  Ifcv  micf^le.  10.  €nt  Biu-fnce  of  tbo  hMwA  fialsttt,  u. 
t{H7  peduncle,  fr,  Itt  time  mott  of  ortgia^  r.  OlJkitury  f^BgUoiL,  i&oifi  wbkh  tb« 
proceed:  that  fiprqml'out  in  the  subiitaiice  of  the  pituitury  mcicLbniiie.  it.  Thci  omcal  iicc^  t^,  a 
bmnob  of  the  u^hthalmic  nerve^  descend  iiiir  hito  tbe  left  iiarci  from  th*^  imterlor  ^Ewnmna  of 
the  urifadform  pkit€>;  und  djvjdinifr  ioto  its  external  a.nd  intenuLl  liriiiL'h.  f^  The  na&o-pii)** 
ttoe  nerrci  &  bruicb  of  the  9i]bein>i9idatme  guMiflinm,  ilinitrihottni^  twifn  to  the  mui<oii« 
B»ixib«D«  of  the  ferptu!!)  tui^i  ia  it*  amrBe  to  [/)  the  ant^riot  pidatiue  foniBen,  nhirre  il 
tbttoa  *  ttuli  fiui^llfono  fwellmg  (Cloqucfe  grBi^frKon)  bj  its  vmim  with  iti  fellow  of  the 
oppoitto  ftde.  g.  Uraiii'hot  of  ttur  nflio-p&latine  tietT«  W  ihp  pelaie.  K  fmhakar  r*^****Tr 
i,  i.  The  «eptum  nuL 


by  Humboldt,  that  the  Peruvian  Indians  in  the  middle  of  the  night  can 
diatinguiih  tJie  different  raceSi  whetlier  EuiopeanT  American- 1 Uflian,  or 
Negro ;  and  the  Arabs  of  the  Great  DeBerl:  are  said  to  be  able  to  di^^ 
tinguiah  the  anell  of  a  fire  thirty  miles  off*- — The  quantity  of  soine  odoron* 
bodies  which  is  capable  of  exciting  a  distinct  perception  of  Smeli,  mtist  in 
some  instances  be  exceedingly  small,  A  very  minute  tiuce  of  sulphuretted 
hydrogen  is  readily  recognised,  and  according  to  Yalentin,  one  port  of 
bromine  in  200^000  of  air  communicates  an  unpleaaant  odonr  to  tlie 
latter,  whilst  in  the  case  of  musk  a  proportion  not  greater  thjm  ont 
part  in  13»000j000  of  air  is  stiO  perceptible,^ — The  agree^^ble  or  dift- 
agreeable  cliaracter  assigned  to  particular  odonra,  is  hy  no  means  ocmanuil 
amongst  different  individuiUs.  Just  as  many  of  the  luwer  an  i mala  jv^ 
their  whole  lives  in  the  midst  of  odours  that  are  to  Mnn  (in  his  c^viliiad 
condition  at  least)  in  the  highest  degree  revolting^  and  will  even  refiino  to 
tonch  food  until  it  is  far  advanced  in  potridityt  so  do  we  find  tbfu  ntea 
who  are  compelled  by  circumstances  to  live  upun  ptiirescent  :  nj 

at  last  to  relish  it  most  when  it  is  furthest  advancetl  in  dw  •  n 

(§  51) ;  and  the  most  refined  epiciiros  among  highly-civilistcd  communit>0§ 
seem  to  find  pleasure  in  simitar  odoun  and  savours,  ivhidi  to  ardinarr 
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tastes  are  anything  but  agreeable. — ^As  to  the  length  of  time  during 
which  impressions  made  upon  the  organ  of  Smell  remain  upon  it,  no 
certain  knowledge  can  be  obtained.  It  is  difficult  to  say  when  the  effluvia 
themselves  have  been  completely  removed  from  the  nasal  passages,  since 
it  is  not  imlikely  that  the  odorous  particles  (supposing  such  to  exist)  are 
absorbed  or  dissolved  by  the  mucous  secretion ;  it  is  probably  in  this 
manner  that  we  may  account  for  the  fact,  well  known  to  every  medical 
man,  that  the  cadaverous  odour  is  frequently  experienced  for  many  days 
after  a  post-mortem  examination.* 

5.  Sense  of  Vision. 

599.  The  objects  of  this  sense  are  bodies  from  which  Light  proceeds, 
either  because  Uiey  are  luminous  in  themselves,  or  because  they  reflect 
the  %ht  that  proceeds  from  other  bodies.  Whether  their  light  is  trans- 
mitted by  the  actual  emission  of  luminous  particles,  or  by  the  propagation 
of  undulations  analogous  to  those  of  sound,  is  a  question  that  has  been 
long  keenly  debated  amongst  Natural  Philosophers;  but  it  is  of  little 
consequence  to  the  Physiologist  which  is  the  true  solution,  since  he  is 
only  concerned  with  the  laws  according  to  which  the  transmission  takes 
place,  which  are  the  same  on  both  theories.  These  laws  it  may  be  desirable 
here  briefly  to  recapitulate. 

600.  Every  point  of  a  luminous  body  sends-ofl*  a  number  of  rays,  which 
diverge  in  every  direction,  so  as  to  form  (as  it  were)  a  cone,  of  which  the 
luminous  point  is  the  apex.  So  long  as  these  rays  pass  through  a  medium 
of  the  same  density,  they  proceed  in  straight  lines ;  but  if  Qiey  enter  a 
medium  of  different  density,  they  are  refracted  or  bent, — towards  the 
perpendicular  to  the  surface  at  the  point  at  which  they  enter,  if  they  pass 
from  a  rarer  into  a  denser  medium, — and  from  the  perpendicular,  when 
they  pass  from  a  denser  medium  into  a  rarer.  It  is  easily  shown  to  be  a 
result  of  this  law,  that,  when  parallel  rays  passing  through  air  fall  upon 
a  convex  surface  of  glass,  they  will  be  made  to  converge ;  so  as  to  meet 
at  the  opposite  extremity  of  the  diameter  of  the  circle,  of  which  the  curve 
forms  part.  If,  instead  of  continuing  in  the  glass,  they  pass-out  again, 
through  a  second  convex  surface,  of  which  the  direction  is  the  reverse  of 
the  firat,  they  will  be  made  to  converge  still  more,  so  as  to  meet  in  the 
centre  of  curvature.  Rays  which  are  not  parallel,  but  which  are 
diverging  from  a  focus,  are  likewise  made  to  converge  to  a  point  or  focus ; 
but  this  point  will  be  more  distant  from  the  lens,  in  proportion  as  the 
object  is  nearer  to  it,  and  the  angle  of  divergence  consequently  greater. 
The  rays  diverging  from  the  several  points  of  a  liuninous  object,  are  thus 
brought  to  corresponding  foci;  and  the  places  of  all  these  foci  hold 
exactly  the  same  relation  to  each  other,  with  that  of  the  points  from 
which  the  rays  diveiiged ;  so  that  a  perfect  image  of  the  object  is  formed 
upon  a  screen  held  in  the  focus  of  the  lens.  This  image,  however,  will  be 
inverted ;  and  its  size,  in  proportion  to  that  of  the  object,  will  depend 
upon  their  respective  distances  from  the  lens.  If  their  distances  be  the 
same,  their  size  will  also  be  the  same ;  if  the  object  be  distant,  and  the 
image  near,  the  latter  will  be  much  the  smaller  :  and  vice  versa, 

601.  There  are  two  circumstances,  however,  which  interfere  with  the 

•  This  may  partly  be  attribaied  also  to  the  efBuvia  adhering  to  the  dress.  It  has 
been  remarked  that  dark  cloths  retain  these  more  strongly  than  light. 
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pHbction  of  an  image  thm  formed  by  m  camreoL  Vam.  The  one  i%  that, 
if  iho  kiLi  constitute  &  large  pajt  of  die  ^jliepe  from  wl»di  ii  k  t^iai»  tiie 
myn  wljk-li  fall  n^ir  its  loargixi  are  not  brougKl  to  a  focns  al  the 


p)it)i  Willi  thoea  which  pass  through  its  centre^  hut  M  a  point 
iRtiii.  ^Jliia  difference,  which  must  obviou^j  interise  greailj  with  the 
riiHtinctuoKS  of  the  image,  ia  tenncd  Spherkai  Abtrmtiom  ;  Ik  maj  beoor- 
TQCtttl  l>y  the  combination  of  two  or  more  kuei)  of  wliidi  t3ke  carwataxtm 
arc  (mkii kited  to  balance  one  another,^  in  such  a  mauner  thai  all  the  tmjm 
nhal)  liii  brought  to  the  same  focus ;  or  by  diminishing  the  aperture  of 
the  ]t<im  by  means  of  a  stop  or  diaphragm,  in  raich  a  manner  that  only 
Uifi  fiyiitriil  fmrt  of  it  sliaU  be  used.  The  latter  of  these  methods  ia  the 
<jti«  tjtiiplnyed^  where  the  diminution  in  the  amount  of  light  oanflBitted 
iji  not  utt^iided  with  inconvenience.  The  n^rer  the  objeet  is  to  the  kaia 
(and  the  greater,  therefore,  tJie  angle  of  diTergenoe  of  its  lays)*  the 
grmtc^r  will  he  the  spherical  aberration,  and  the  more  mu^  the  aper- 
ture of  tlio  diajihragm  be  reduced  in  order  to  coimteract  iL  The  term 
uNtigniatlnm*  (a,  jirivative,  and  oriy/uz,  a  point)  has  been  af^ilied  by 
Ptmmor  Whewell  to  a  condition  of  the  eye  (first  observed  in  himself  " 
ProfoSBor  Airy)  in  which  there  ia  an  inequality  in  the  refiiactiTe  pow 
(owing  Lo  dill*.' re  nee  in  the  degree  of  curvature  either  of  the  cornea,  or  of  * 
Ioti»,  or  of  lx>tlj)  between  the  horizontal  and  vcrtiisal  meridians  of  the  eye. 
Inhere  i»  a  conwenucnt  incapacity  on  the  part  of  the  eye  to  collect  all  the  rays 
of  light  eijtt»ring  it  to  one  exact  fcwus;  this  has  been  ehown  by  Dondera 
to  bcs  of  comiuon  occurrcncG  in  those  who  are  otherwise  healthy.  In  such 
|}ormjnM  tht^ro  arc  two  foci,  one  ibr  horizontal  and  the  other  for  vertical 
rayn.  This  condition  may  be  remedied  by  the  use  of  the  BCNCalled  cylin- 
drical gljywos.^ — ^The  other  eircunisstimce  that  interferea  with  the  distiucCtieai 
of  the  image,  is  the  unequal  refrangibility  of  the  dillerently-coloured  rays 
which  tfjgethcr  make-up  wMte  or  colourless  light ;  the  violet  being  more 
bent  iriytn  tlieir  ctnirse  than  the  blue,  the  blue  more  than  tlte  yellow,  and 
tlic  yellow  more  than  the  red;  the  consequence  of  which  will  be,  that  Uie 
violf^t  ray  a  arc  brougltt  to  a  focus  much  nearer  to  the  lens  than  the  blue^ 
and  the  blue  nearer  than  tlie  red.  If  a  screen  be  held  to  reoeive 
image  in  tiie  focus  of  any  of  tJie  rays,  tlie  others  will  make  tbemaeivea' 
apparent  as  fringes  round  its  margiu.  This  difference  is  termed  Chromaiic 
Af^errafion.  It  is  corrected  in  practice,  by  combining  together  lenees  of 
different  etibstances,  of  which  the  dispersive  [Xiwer  (that  is,  the  power 
f jf  &e[>arating  the  coloured  rays)  differs  considerably,  Thb  is  the  case 
wnth  Ihnt  and  crown-glass,  for  instance,— the  di^rsive  power  of  the 
former  being  much  greater  than  that  of  the  latter,  whilst  its  refi-actiTe 
power  is  nearly  the  sainc ;  so  tliat,  if  a  convex  lens  of  crown-glaaa  be 
unitet!  with  a  concave  of  flint  whose  curvature  is  much  less,  the  dis- 
peraion  of  tlio  rjiys  effected  by  tlio  former  will  be  entirely  counteracled 
by  the  latter,  w^hich  dimiiualies  in  part  only  its  refractive  power. f 

•  Sw  DoDtleni'  **  Aatigaii^lisiiius,"  kc  (Berlin,  1852);  the  *'Oratioa'*  deljTe 
by  Mr*  Z.  Lai^reiico  before  the  North  Uindoo  Medical  Society^  1363,  and  his  p4>«s 
in  the  "  MwJ.  Time*  aud  GttMjtte''  for  1882  63  j  a}m  Mr.  Wbrorton  Joiie«'*  &b«tnei 
of  paper  read  before  iko  Royal  Sodetyjn  ' *  Prooe^dingii  of  the  Eoynl  Society"  for  1S5$^ 
ToL  X,  p.  374* 

f  For  ftti  ftble  eumrDaTy  of  the  mtiBt  recent  r^acarcheA  an  tlie  optical  rBUftiona  of  l_ 
Bye»  lec  **Med,-Chir.  Keview,"  Jajiuary,  1862.     See  &!»  the  papeni  of  Mr.   J*  SlI 
Welli^  in  tho  **  Bojal  London  Ophthalmic  Uo»pltal  Report^"  Tola,  ii,  mhJ  ilL 
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602.  The  Eye  may  be  regarded  as  an  optical  instrument  of  great 
perfection,  adapted  to  produce,  on  the  surface  of  the  Retina,  a  com- 
plete image  or  picture  of  luminous  objects  brought  before  it ;  in  which 
the  forms,  colours,  lights  and  shades,  &c.  of  the  object  are  all  accurately 
represented.  By  the  different  refractive  powers  of  the  transparent  media 
through  which  ^e  rays  of  light  pass,  and  by  the  curvatures  given  to 
their  respective  surfaces,  both  the  Spherical  and  Chromatic  aberrations 
are  corrected  in  a  degree  sufficient  for  all  practical  purposes;  so  that,  in 
a  well-formed  eye,  the  picture  is  quite  free  from  haziness  and  from  false 
colours.  The  power  by  which  it  adapts  itself  to  variations  in  the  distance 
of  the  object, — so  as  to  form  a  distinct  image  of  it,  whether  it  be  six 
inches,  six  yards,  or  six  miles  o£E, — is  extremely  remarkable,  and  cannot 
be  r^arded  as  hitherto  completely  explained.  It  is  obvious  that,  if  we 
fix  upon  any  distance  as  that  for  which  the  eye  is  naturally  adjusted  (say 
12  or  14  inches,  the  distance  at  which  we  ordinarily  read),  the  rays  pro- 
ceeding from  an  object  placed  nearer  to  the  eye  than  this  would  not  be 
brought  to  a  focus  upon  the  retina,  but  would  converge  towards  a  point 
behind  it ;  whilst,  on  the  contrary,  the  rays  from  an  object  at  a  greater 
distance  would  meet  before  they  reach  the  retina,  and  would  have  again 
diverged  from  each  other  when  they  impinge  upon  it ;  so  that,  in  either 
case,  vision  would  be  indistinct.  Now,  two  methods  of  adaptation  suggest 
themselves  to  the  Optician.  Either  he  may  vary  the  distance  between 
the  refracting  surface  and  the  screen  on  which  tlie  image  is  formed,  in 
such  a  manner  that  the  latter  shall  always  be  in  the  focus  of  the  con- 
verging rays ;  or,  the  distance  of  the  screen  remaining  the  same,  he  may 
vary  the  convexity  of  his  lens,  in  such  a  manner  as  to  adapt  it  to  the 
distance  of  the  object.  The  mode  in  which  this  adaptation  is  effected  in 
the  Human  Eye  has  been  carefully  investigated  by  Czermak,  HehnholtZy 
and  others.  According  to  the  calculations  of  Olbers,  based  on  the  ascer- 
tained refractive  powers  of  the  media  of  the  eye,  the  difference  between 
the  focal  distances  of  the  images  of  two  objects,  the  one  so  &r  off  that  its 
rays  are  parallel,  and  the  other  at  the  distance  of  only  four  inches  from 
the  eye,  is  about  0*143,  or  one-seventh  of  an  inch;  but  as  the  usual  range 
of  distinct  vision  does  not  extend  to  objects  brought  within  six  or  seven 
inches,  the  amount  of  change  required  in  the  relative  places  of  the  refract- 
ing bodies  and  the  retina  would  not  ordinarily  exceed  a  line.  It  has  been 
thought  that  this  change  might  be  produced  by  an  alteration  in  the  con- 
vexity of  the  cornea,  or  by  an  elongation  of  the  globe  of  the  eye  generally, 
or  by  both  methods  in  combination;  but  a  strong  counter-argument 
to  these  opinions  is  derived  from  a  case  which  came  imder  the  obser- 
vation of  V.  Grafe,  in  which  the  power  of  accommodation  was  preserved, 
although  from  paralysis  of  the  Third  Nerve  all  the  ocular  muscles 
were  paralyzed,  except  the  external  rectus  and  the  superior  oblique. 
There  is  much  more  ground  for  the  belief  that  a  change  of  form  and 
perhaps  of  place  is  effected  in  the  crystalline  lens,  by  the  action  of  the 
ciliary  muscle  and  the  erectile  tissue  of  the  ciliary  processes;  for  not 
only  can  it  be  shown  that  the  contraction  of  the  ciliary  muscle  would 
tend  to  compress  the  lens,  but  the  feet  that  this  muscle  is  pecu- 
liarly powerful  in  the  predaceous  Birds,  which  are  distinguished  for  their 
great  range  of  vision,  and  which  have,  in  their  circle  of  osseous  sclerotic 
plates,  an  unusually  firm  point  of  attachment  for  it,  is  a  strong  argument 
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in  favotir  of  this  doctrine,*  Further,  the  almost  entire  loss  of  the  poi 
of  adapting  the  eye  to  distances,  which  is  experienced  after  t!ie  removal  i 
the  Crystalline  lens  in  the  operation  for  Cataract^  ia  a  marked  Indicaiion 
that  Bome  change  in  the  place  or  figure  of  this  body  is  the  principal  meaoB 
whereby  the  ordinary  adaptation  is  eflfected.  The  precise  changes  which 
occur  in  the  interior  of  tlie  Eye  when  it  is  acconimodated  for  viewing 
near  objects,  or  duriTig  positive  accommodation,  have  been  determined  by 
Helmholtzf  with  tin  instrument  that  he  has  termed  an  Ophtlialmometex, 
the  principle  of  which  consists  in  examining  the  reflection  from  the  variouB 
ocuJar  media  of  two  flames : ^alterations  in  tli©  relative  position  and 
figoi'e  of  these  can  be  readily  perceived  and  measuredj  Itirni^iiig  the 
datw  for  the  requisite  calculations.  By  this  means  it  has  been  ascertaiQed 
til  at;  the  essential  altenition  is  a  change  effected  by  niiiaciilar  effort  in 
the  figure  of  the  leos,  which  Lncreases  in  tliicknesa  in  its  antero-posterior 
diameter^  the  convexity  of  the  anterior  suriace  in  particular  undergoiDg  a 
considerable  augmentation  {n^  Fig.  130)|  and  by  a  forM^ard  movement  ap- 
proximating the  cornea ;  whilst  the  convexity  of  tlie  posterior  snr&ce  is 

Pio.  ISO. 


C,  Coin»  :  «,  Hdawtii-rj  »  c  v,  Y^nimi  pbne  of  the  Coraea;  bcv,  huh  of  the  Eje  ;  «^ 
Cailid  of  Scmemm ;  /i,  A  ogle  Tortnod  br  the  IK«  al]dCurtl0l^  ur  umr^D  uT  atitFrtar  ChAEnber;; 
M^  Fiiiltlpb  of  IrUt  aiid  cunntun.*  or  Lens  tu  sn  Eje  coQver$!ed  for  pflnklJil  rnyat,  diatuit 
vukoL,  or  nepfatlrc  iwoomniodiitron  ;  n,  Totitityn  uf  Irij^  and  i^ortratuit  of  hxa  jrc^nired  for  ii««r 


Ivut  slightly  modified,  and  undergoes  scarcely  any  change  of  place.  The 
return  of  the  lens  to  its  original  figure  aJt«r  the  ce^ation  of  tlie  effort  by 
which  it  lias  I)een  jiccommodated  for  near  objects  is  probably  ejected  by 
its  own  elasticity,  which  is  certainly  very  considerable.  The  other  and 
clearly  secondary  changes  which  have  been  observed  are  a  contraction  d 
the  circtdar  fibres  of  tlie  Iris,  making  the  pupil  smalJer — the  pupillaij 
edge  of  the  Iris  at  the  same  time  mo^-ing  forwardB,  and  the  attached  or 
jieripheral  edge  (p)  backward.  The  forward  movement  of  the  plane  of 
the  iris  atnouata,  according  to  Kuapp^J  to  about  l-lSth  of  an  inch  ;  Ci€r- 
mak  wjis,  however,  unable  to  perceive  any  archmg  forwMti  of  the  iris,  and 

*  See  on  thia  Bubject,  Messn.  Todd  and  Bo^nnati'a  **  PbjBiologica!  Anatomj/'  vol.  iL 
p.  27  J  »ttd  I>r.  Cliiy  Waikee  on  *'  Tbfl  AdjnatmcDt  of  the  Eye  to  DUtjiaoea,''  New  YotIe, 
1S6L 

f  A  fall  confirmnUon  of  Helm  hoi  ti'a  irtateiDeata,  with  s  good  hifltorical  rttttmd  of  th« 
wbole  aabjeot,  nill  Lc  foTiud  ia  Prof.  Aileo  ThoaiBon'M  *'  rheGomeoa  and  Moch«tiistii  of 
tLii  Fucal  AtljusttDcot  of  the  Eje  to  Diatinct  Vision  At  Differeat  Distances''  (pftoiDlUeil 

t  "  Archiv  f  OpbtJmltuoJ,;'  bund  yL  ablkeil,  ii.  p.  1. 
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believes  that  its  plane  remains  perpendicular.  Lastly,  according  to  Becker,* 
the  points  of  the  ciliary  processes  retire  from  the  edge  of  the  lens.  That 
the  presence  of  the  Iris  is  not  indispensable  for  the  performance  of  posi- 
tive accommodation,  is  shown  by  the  fact  that,  in  a  patient  from  whom 
Grafe  removed  the  whole  Iris,  this  Acuity  remained  perfect;  and  a  similar 
power  has  been  observed  to  exist  in  cases  of  congenital  absence  of 
the  Iris. f — The  object  friMlled  by  the  contraction  of  tJ^e  pupil  in  adapta- 
tion of  the  Eye  for  near  objects,  is  evidently  to  exclude  the  outer  rays  of 
the  cone  or  pencil,  which,  from  the  large  angle  of  their  divergence, 
would  fall  so  obliquely  on  the  convex  sur&ce  of  the  eye  as  to  be 
much  affected  by  the  spherical  aberration,  and  thus  to  allow  the 
central  rays  only  to  enter  the  eye,  so  as  to  preserve  the  clearness  of 
the  image ;  the  principle  being  exactly  the  same  as  that  on  which  the 
optician  applies  a  atop  behind  his  lenses,  which  reduces  their  aperture  in 
proportion  to  the  shortness  of  their  focal  distance.  The  channel  through 
which  this  action  is  effected^  is  evidently  the  same  as  that  through  which 
the  convergence  of  the  eyes  is  produced, — ^namely,  the  inferior  branch  of 
the  Third  pair  of  nerves ;  to  the  action  of  which,  the  sensations  received 
through  the  retina  seem  to  afford  the  inunediate  stimulus,  in  the  same 
manner  as  they  do  to  the  ordinary  variation  in  the  diameter  of  the  pupil 
under  the  influence  of  light ;  but  the  voluntary  determination  to  ^  the 
vision  upon  the  object,  is  the  original  source  of  the  action.  During 
negative  accommodatiarij — in  other  words,  in  viewing  distant  objects, — 
the  l^ns  (m)  becomes  flattened,  the  external  margin  of  the  iris  is 
brought  forward^  the  pupil  dilates,  and  the  tips  of  the  ciliary  processes 
are  approximated  to  the  margin  of  the  lens.  The  main  instrument 
in  effecting  these  changes  in  the  Eye  appears  to  be  the  Ciliary  Muscle^ 
the  structure  and  attachments  of  which  were  first  clearly  described 
by  Mr.  Bowman.  It  consists  of  unstriped  muscular  fibre,  partly 
arranged  in  a  circular  manner,  the  innermost  fibres  running  parallel  to  the 
margin  of  the  CJomea,  and  partly  disposed  radially,  the  fibres  of  the  latter 
portion  of  the  muscle  appearing  to  be  connected  at  their  origin  with  the 
posterior  elastic  lamina  of  the  Cornea,  and  externally  or  posteriorly  being 
partly  inserted  into  the  Iris,  forming  the  pillars  of  the  Iris  (Ligamentum  pec- 
tinatum  iridis),  partly  into  the  Sclerotic  bounding  the  canal  of  Schlemm 
(«,  Fig.  130),  and  partly  into  that  part  of  the  outer  surface  of  the  choroid 
tunic,  which  corresponds  to  the  ciliary  processes.  The  mode  and  effects 
of  the  contraction  of  this  muscle  have  not  been  determined  with  perfect* 
certainty ;  some,  as  Briicke,  believing  the  anterior  attachment  to  be  the 
origin,  or  fixed  point,  towards  which  in  contraction  the  posterior  ex- 
tremity is  drawn  ;  others,  as  Bonders,  that  the  posterior  border  is  the  true 
origin ;  and  others  again,  as  Helmholtz,  considering  that  both  extremities 
are  moveable.  According  to  Cramer,  Bonders,  H.  Muller,  and  others,  the 
lens,  when  adapted  for  viewing  infinitely-distant  objects,  is  at  rest,  and  it 
is  only  when  near  objects  are  looked  at  that  a  change  is  impressed  on  the 
figure  and  position  of  the  lens;  Cramer  attributing  this  effect  especially  to 
pressure  exerted  by  the  iris,  and  H.  Muller  to  the  ciliary  muscle.     Helm- 

*  See  his  intereetiog  paper  in  Braun,  Dachek,  and  Schlager*8  "Medixin.  Jahrb.*' 
1864,  p.  1. 

t  See  Dr.  Soelberg  Wells'  instructlTe  paper  '  On  the  Paralysis  of  the  Mnscles  of  the 
Eye,'  in  the  **  Ophthabnic  Hoepital  Keports,"  vol.  ii.  1869-1860,  p.  199. 
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iioltz,  Ark,  and  Jiiger,  on  tli^  contmiy,  consider  timt  tJie  lena  is  ^tti&ed 
in  viewing  distant  objects,  tbrongh  the  traction  exerted  by  an  elastie 
niembranouB  zonula  attached  to  it«  ^gG.  When  the  ciJimy  nntaele  cx^* 
tracts^  which  occurs  in  viewing  near  objeoti,  the  posterior  border  of  the 
zonula  is  drawn  forward,  and  ita  lenaioiiT  and  tliereJbre  the  iiatteniug 
power  it  exerts  upon  the  lena^  is  diminished,  A  tliird  supposition  has  been 
arlvanc^id  by  llenke  and  Langenbeck*  to  the  effect  that  a  muactdar  elTort  is 
requiretl  in  arranging  tlie  Eye  for  viewing  both  near  and  distant  objects,  the 
Jbrtner  lioing  accomplished  through  the  contraction  of  the  circular  fibres,  1 " 
latter  through  that  of  the  radial  fibres  ;f  but  a  strong  argntnent  i 
tliiH  view  h  derived  from  tlie  circumstance  that  no  fatigue  is  expeiie 
from  prolonged  direction  of  the  Eye  to  distant  objects,  whilst  the  employ^ 
ment  of  the  visual  power  upon  near  objects  for  some  time  ia  acoompanie  ^ 
with  a  sense  of  effort,  and  is  followed  by  fatigue.  The  moreme 
which  effc4!ts  the  change  of  form  of  the  Qrystalllne  lens,  la  performed 
obedience  to  Volition,  and  is  guided  by  sensation ;  yet  we  are  not  con- 
aaioua  of  perforin ing  it,  all  that  we  wtU  being  the  remtll ;  and  thus  we 
h&Te  another  ap|JOBibe  i  I  lustration  of  the  reaUj  automatic  nature  of  what 
are  termed  *  voluntary  movements'  generally  (§531  )*  The  time  occupied  in 
accommodating  the  Eye  for  near  objects  is  greater^  tlian  that  required  f 
adapting  it  to  view  distant  objects.  According  to  Aby  the  period  occuf ' 
in  changing  the  accommodation  from  17  to  4  j  inches  is  about  2 
whilst  in  changing  it  from  4  J  to  17  inches  only  1*2  seconds  are  req-u 
Vi«rordt^however4  states  that  he  was  able  to  effect  the  accommodatiop  J 
60  feet  to  4 1  inches  in  about  nine-tenths  of  a  second,  and  from  4^  indkest 
60  feet  in  about  seven-tentlisof  a  second.  Differences  in  age,  and  in  i 
of  practice,  are  i>robably  tlie  chief  causes  of  such  variations  in  the  resoltfl 
of  different  observers;  accommodation  for  near  objects  being  always 
accomjilialied  more  slowly  with  the  advance  of  years. — In  healdiy,  or  as 
Dondersternis  them,  *■  emmetropic*  eyes,  the  limitsof  cl^ir  vision  liebetween 
two  poinla,  the  *  near-point*  and  the  *  far*point»^  The  former,  very  near 
tlje  eye  in  infancy,  gradually  recedes  witli  advancing  age ;  and  FeJlenberg| 
has  showi),  tJiat  at  10  years  of  age  it  is  2|  inches  distant  &om  the  &ont 
of  the  conjea;  at  20  years  of  age,  3f  in. ;  at  30,  4|  in, ;  at  40,  6f  in, ;  at 
50^  12  in,;  at  60»  24  in. ;  and  at  70,  144  inches.  The  *  far-point'  forhaaJthy 
eyes  is  i(i finite  distance,  or  in  other  words,  the  refractive  media  of  health j 
eyes  in  a  condition  of  repose  are  adaj)ted  to  bring  parallel  rays  to  m  feeua 
*  on  the  retina.  The  extent  of  the  range  of  vision  for  Mich  eye  is  veiy 
considerable,  amoimting,  according  to  Kom  and  Fdrster,||  in  the  hori- 
zon la)  direction^  to  an  arc  of  130^,  and  in  the  vertical  to  an  arc  of  IKJ**, 

G03,  When  both  eyes  are  fixed  upon  an  object^  their  a^es  converge  so 
as  to  meet  in  it  j  and  the  degree  of  convergence  is  of  course  altered  by 
variations  in  the  distance  of  tlie  object ;  since,  when  the  object  is  very 
remote,  the  optic  axes  are  virtually  parallel,  whilst  its  approacli  causes 
tliem  to  incline  towards  each  other,  and  this  the  more  rapidly  as  tbe 
object  is  brought  nearer,  the  increoiio  being  tlie  greatest  when  it  lias 

•  Heale&Dd  MelmDer^B  '^Bericht,"  1860,  p-  56L 

t  Aq  QjauiuD  to  wbtob  Qrife  s«emi  n\Eo  to  have  been  led  from  a  eompftziaoti  of  ihi 
electa  at  belladonua  atid  oirLum  upm  tbe  im  »ad  apon  tbe  dll&Fy  mniiele  (u  iadicxtod 
by  th*;  power  of  M:'«omrDCKktioii)  reqw^etivel/. 

J  lleale  wid  MdirtHier*ft  **Bencdit*''  1857,  p.  547. 

g  C&tLBi«iV&  **  JAbrtsUricbt"  for  1B62,  p.  167.  I  Ibid. 
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arrived  within  the  ordinary  distance  of  distinct  vision.  Here,  again,  we 
have  an  example  of  the  automatic  nature  of  voluntary  actions ;  for  the 
convergence  of  liie  eyes  that  may  be  produced  by  t^is  gradual  approxi- 
mation of  an  object  on  which  the  eyes  are  kept-fixed  by  an  exercise  of 
the  Will,  far  exceeds  that  which  most  individuals  can  induce  by  an  effort 
made  directly  for  the  purpose;  and  if,  when  an  object  has  thus  been 
gradually  approximated  to  within  a  few  inches  of  the  nose,  the  voluntary 
fixation  be  intermitted,  and  Uie  optic  axes  be  allowed  to  regain  their 
parallelism,  they  can  seldom  be  brought  to  converge  again  upon  it,  with- 
out repeating  the  whole  process. — It  has  been  thought,  from  the  close 
accordance  between  the  changes  required  for  the  adaptation  of  the  eyes 
to  distinct  vision  at  different  distances,  and  the  alterations  in  the  direction 
of  the  optic  axes  which  are  required  to  bring  the  two  eyes  to  bear  upon 
objects  at  varying  degrees  of  proximity  or  remoteness,  that  the  former  of 
these  movements  is  in  some  degree  dependent  upon  the  latter,  or,  at  any 
rate,  that  the  two  proceed  firom  a  common  motor  impulse.  But  that  the 
convergence  of  the  axes  is  not  itself  in  any  way  the  occasion  of  the  altera- 
tion of  the  focus  of  the  eye,  is  shown  by  these  two  &cts ;  first,  that  the 
adaptation  is  as  perfect  in  a  person  who  only  possesses  or  uses  one  eye,  as 
it  is  when  both  are  employed ;  and  second,  that  some  persons  possess  the 
power  of  altering  the  focus  of  the  eyes  by  an  effort  of  the  will,  whilst  the 
convergence  remains  the  same. 

604.  The  ordinary  forms  of  defective  vision,  which  are  known  under 
the  n&mes  of  Miopia  and  Preab^optaj  or  'short-sightedness'  and  'long- 
sightedness,' are  entirely  attributable  to  defects  in  the  optical  adaptation 
of  the  eye.  In  the  former,  its  refractive  power  is  too  great ;  the  rays 
from  objects  at  the  usual  distance  are  consequently  brought  too  soon  to 
a  focus,  so  as  to  cross  one  another  and  diverge  before  they  fidl  upon  the 
retina ;  whilst  the  eye  is  adapted  to  bring  to  their  proper  focus  on  the 
retina,  only  those  rays  which  were  previously  diverging  at  a  large  angle, 
from  an  object  in  its  near  proximity.  Hence  a  '  i^ort-sighted'  person, 
whose  nearest  limit  of  distinct  vision  is  not  above  half  that  of  a  person  of 
ordinary  sight,  can  see  minute  objects  more  clearly ;  his  eyes  having,  in 
&ct,  the  same  magnifying  power  which  those  of  the  other  would  possess, 
if  aided  by  a  convex  glass  that  would  enable  him  to  see  the  object  dis- 
tinctly at  the  shortest  distance.  But  as  the  myopic  structure  of  the  eye 
materially  diminishes  the  distance  of  his  &r-point,  and  incapacitates  its 
possessor  from  seeing  objects  clearly  at  even  a  moderate  distance,  it  is 
desirable  to  apply  a  correction  ;  and  this  is  done  by  simply  interposing 
between  the  object  and  t^e  eye  a  concave  lens,  of  which  the  curvature  is 
properly  adapted  to  compensate  for  t^e  excess  ofthatof  the  organ  itself. — 
On  the  other  hand,  in  Uie  presbyopic,  or,  as  designated  by  Bonders,  t^e 
hjrpermetropic  eye,*  the  curvature  and  refractive  power  are  not  sufficient 

*  The  term  Presbyopia  is  limited  by  Donders  to  the  condition  in  which,  as  the  reanlt  of 
the  increase  of  years,  the  range  of  accommodation  is  diminished,  and  the  Timon  of  near 
objects  is  interfered  with.  Myopia  and  Presbyopia  are,  therefore,  by  no  means  opposite  con- 
ditions ;  they  may  even  co-exist,  as  in  an  eye  which  can  only  see  accurately  from  20"  to  14" ; 
for  here  the  farthest  point  of  distinct  Tision  is  sitaated  at  too  short  a  distance  (Myopia) ; 
the  nearest  point  at  too  great  a  distance  (true  Presbyopia).  The  real  opposite  to  Myopia 
18  Hypermetropia,  in  which  the  principal  focus  falls  behind  the  retina,  as  in  Myopia  it  £Ula 
in  front  of  the  retina. — See  Donders*  treatiae  on  **  Accommodation  and  BefraoUon  of  the 
Bye  ;**  New  Syd.  Soc  Trans.,  1864,  pp.  84  and  210. 
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to  bring  to  a  focuSj  on  the  retina^  raje  wliich  were  previously  divergent 
in  a  considerable  or  even  in  a  mcMierate  degree ;  and  indistinct  vidon  In 
r^ard  to  all  near  objects  is^  tibereforcj  a  neceaaaiy  consequence^  wbilM 
distant  objects  atre  well  Been,  This  defect  is  remedied  bj  ihe  use  of 
cotivea:  lenae"?^  wbicli  niake-np  for  the  deficiency  of  the  cnrvntiure.  The 
term  '  presbyopia,'  aa  llniited  by  Bonders,  simply  expreseea  a  dcJicieiit 
power  of  accommodation  in  the  eye,  resulting  from  increased  density  of 
the  lens^  or  from  paralysis  of  the  ciliary  muscle,  so  that  the  *  n^ur-poiDt^ 
recedes  Iseyond  a  certaio  point,  arbitrarily  fixed  by  Donders  for  the  sske 
of  convenience  at  eight  inches. — The  effects  of  Atropine  upon  the  Eye  are 
very  remarkable,  not  onJy  in  dilating  the  pupil  to  the  utmost,  but  in  com* 
pletoly  paralyzing  the  power  of  accommodation,  so  that  the  ^  near^point* 
becomes  gradually  more  and  more  distant,  till  at  length  it  coincides  with 
the  *  far-point,'  The  Calabar  bean*  on  the  contrary^  causes  extreme  con- 
traction of  the  pupil  J  tlje  *  tar-point,^  and  in  many  eyes  the  *  near-point* 
also,  becoming  approximated  to  the  eye,  though  the  ix>wer  of  accominods- 
tion  is  never  altogether  lost. — ^We  comnionly  meet  with  myopia  in  young  _ 
persons,  and  with  presbyopia  in  old  ;  but  this  is  by  no  means  the  invariabll^^| 
rule ;  for  even  aged  persons  are  sometimes  *  short-sighted/  and  *  long*^l 
sightedness*  is  occaaionaUy  met-witli  aiiiongst  the  young.  In  choosing 
spectacles  tor  tlie  purpose  of  correcting  the  errors  of  tlie  eye,  it  is  of  great 
consequence  not  to  make  an  over- compensation ;  for  this  hiis  a  tendency 
to  increaBe  the  defect,  besides  occasioning  great  iatigue  in  the  era  ploy* 
ment  of  the  ^ght.  It  may  be  easUy  found  when  a  glass  of  the  right 
power  has  been  selected,  by  biquiring  of  tJie  individual  whether  it  alters 
the  apparent  ei^c  of  the  objects,  or  only  renders  them  distinct.  If  it  alter 
the  size  (increasing  it,  if  it  be  a  convex  lens,  and  diminishing  it,  if  it  be  a 
concave),  its  curvature  is  too  great  j  whilst  if  it  do  not  disi:>erae  the  h&ze^ 
it  is  not  sufliciently  iKtwertuL  In  general  it  is  better  to  employ  a  glass 
which  somewhat  under-compen sates  tlie  eye,  tlian  one  whose  curvature  is 
at  all  too  high ;  eince,  with  the  advance  of  years  in  elderly  persons,  a 
progressive  increase  in  |^)ower  is  required  \  whikt,  as  young  j^ersons  grow- 
up  to  adult  age,  they  should  endeavom*  to  dispense  with  the  aid  of 
spectacles.— Many  other  interesting  inquiries,  respecting  the  action  of 
the  Eye  as  an  optical  instrument^  guggeal;  themselves  to  the  Phymca] 
philosopher  ;  but  the  foregoing  are  the  chief  in  which  the  Physiologist  ts 
concerned ;  and  we  shall  now  proceed,  therefore,  to  conKder  the  share 
which  the  Nervous  apf^u-atus  perlbrma  in  the  phenomena  of  vision, 

605.  The  Optic  Nerve,  at  its  entrance  into  the  eye,  dividee  itself  into 
numerous  Bniall  iksciculi  of  ultimate  fibrils  ;  and  these  appear  to  spread 
themselves  out,  and  to  inosculate  with  each  other  by  an  exchange  of  fibrilst 
so  as  to  form  a  net- like  plexus,  w^hich  constitutes  die  inner  layer  of  the 
Ketina  (Fig.  131,  y)  in  immediate  contact  with  tlie  *  limitary  mem- 
brane* (8).  There  is  considerable  difficulty,  however,  in  the  precise 
determination  of  the  course  of  the  nerve -fibres  in  the  Retina,  on  account 
of  their  minute  size  and  the  alteration  in  their  characters.  Altliough 
imKbrmly  much  smaller  than  ordinary  nerve-fibres,  they  present  con- 
siderable diversities  in  size  (Fig,  132,  i,  i);  the  largest  of  them  being 
only  about  l-COOOdi  of  an  inch  in  diiunetor,  whilst  the  enmlleet  are  no 
more  than  from  l-3U,U0Oth  to  l-aO,0(JOth  of  an  inch.  Notwithstanding 
the  statement  of  Prof  Kbllikcr,  that  they  closely  resemble  the  finest  nerve^ 
tubes  in  the  central  organs,  he  has  not  l>eeu  able  to  demonstrate  their 
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tubular  character;  and  it  is  considered  by  Mr.  Bowman  that,  like  the 
fibres  of  the  Olfactive  tract  (§  597),  they  consist  of  axis-cylinders  without 
sheaths.  Perhaps  the  fact,  may  rather  be,  that  they  are  in  that  early 
stage  of  development,  in  which  the  components  of  a  complete  tubular 
fibre  have  not  yet  been  difierentiated. — 
Externally  to  the  stratiun  of  nerve- 
fibres,  which  may  be  called  the  Optic 
layer,  is  a  vesicidar  stratum  (Fig.  131, 
6),  which  consists  of  a  finely-granular 
matrix,  wherein  are  imbedded  nerve- 
cells  exactly  resembling  those  of  the 
Encephalon,  and  having,  like  them,  a 
variable  number  of  processes,  some  of 
which  appear  to  become  continuous 
with  the  fibres  about  to  be  described. 
It  is  to  these  fibrous  and  vesicular 
layers  of  the  Betina,  which  together 
make-up  the  analogue  of  the  cortical 
substance  of  the  Cerebrum,  that  the 
principal  supply  of  blood  is  distributed, 
by  tlie  minute  capillary  network  (Fig. 
133),  which  is  spread-out  through  tlieir 
substance. — The  principal  part  of  the 
thickness  of  the  lietina,  however,  is 
made-up  of  a  series  of  layers  wliose 
structure  has  until  lately  been  com- 
pletely misunderstood ;  and  though 
their  real  character  cannot  be  regarded 
as  yet  fully  elucidated,  yet  a  great 
step  has  been  made  in  advance  by 
the  researches  of  H.  MUller  and  Kcil- 
liker.*  These  layers,  as  seen  in  a 
vertical  section  (Fig.  131),  succeed 
each  other  from  within  outwards  as  follows : — In  contact  with  the  vesi- 
cular layer  (6)  is  a  layer  of  finely-granular  matter  of  a  greyish  hue,  in 
which  an  indistinct  radiating  fibrous  appearance  is  seen ;  next  is  a  layer 
of  definite  granules  (4),  which  seem  like  minute  cells  closely  investing 
nuclei ;  outside  this  is  another  layer  (3),  in  which  the  appearance  of 
radiating  fibres  is  more  distinct ;  this,  again,  is  succeeded  by  another 
granular  layer  (2)  resembling  the  preceding ;  and  outside  all  these  is  the 
layer  (i)  of  *  cones'  and  *  rod-like*  bodies,  which  has  long  been  known  as 
*  Jacob's  membrane.'  This  last  has  been  supposed  to  be  entirely  discon- 
nected, both  structurally  and  functionally,  from  the  proper  nervous  apparatus 
of  the  Retina ;  but  recent  investigations  have  made  it  probable  that  it  really 
forms  part  of  it.    For  the  *  rods'  or  *  staff-like'  bodies  (Fig.  132,  a  a),  may 

*  See  the  Memoir  of  the  former,  '  Znr  Histologie  der  Netzhaat,*  in  Eolliker  and 
Siebold^s  "  Zeitschrifl,**  1851 ;  and  the  " Mikroskopische  Anatomic,**  band  ii.  §  274,  and 
the  **  Manual  of  Human  Histology"  (Sydenham  Society's  Bd.),  vol.  ii.  pp.  368-382,  of 
the  latter.  See  also  Mr.  Bowman's  *'  Lectures  on  the  Parts  concerned  in  the  Operations 
on  the  Kye, "  p.  81,  and  Todd  and  Bowman's  **  Physiological  Anatomy,"  toI.  ii.  pp.  28-30. 
Knnneley  **  On  the  Organs  of  Vision"  (London,  1858)  contains  a  good  account  of  the  Eye, 
and  many  very  carefully -taken  measurements.  See  also  Krause  in  "  Zeits.  f.  Bat.  Med.," 
hand  xi. ;  H.  MttUer  in  "  WUrzburg.  Naturwissens.  Zeitschrift,"  band  ii. 


Vertical  Section  of  Betina  of  the  Human 
Eye:— 1,  bacillar  larer;  2,  outer  granular 
layer;  3,  intermediate  fibroua  layer;  4, 
inner  granular  layer;  6,  finely-granular 
grey  layer;  6, layer  of  nervc-ceUi;  7, layer 
of  fibres  of  optic  nerre;  8,  limitvy  mem* 
brane. 
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be  traced  into  continuitj^  witli  tlie  grantdes  (/;/)  of  the  outer  grazmliir 
lavCT'f  lometimos  immediately,  sometimes  by  the  interrentioii  of  a  ^^ 
fibrous  proiongation  j  and  from  the  granuJes  pf  the  outer  layer,  tioe  fibres 

(^,  <?)  may  be  traced  towards 
Fw.  1S2.  tlioae  of  the  inner  layer  (^,  ^)- 

So^  again}  the  *  cones'  (i,  A), 
whose  outer  e^ctremitiee  (dt,  d) 
are  oflen  seen  on  tha  external 
surface  as  'rodSj*  may  he  traced 
into  continuity  with  tlie  granular 
layers  (f,  g^)  by  tlie  inter- 
mediation of  iine  fibres  («,  e). 
And  from  the  outer  gfunular 
layer,  similar  very  delicate 
fibres  are  found  to  pass  towards 
the  Tesicular  layer,  where  some 
of  them  appear  to  come  into 
absolute  continuity  witli  the 
radiating  prolongations  of  the 
nerve-ceUa  (lo,  0*^^^^^  others 
pass  through  the  vesicular 
layer,  and  expand  into  trum- 
pet-shaped  terminatjona  (9,  A), 
in  tlio  stratum  of  optic  ibnea* 
The  eflecte  of  reagents,  more- 
over; on  these  dements,  are 
such  as  to  increase  this  proba* 
bility.  It  is  to  be  remarked 
especially  of  the  rod-like  bodiesi 
that  they  are  very  ispeedily  imd 
E\mamU  of  Suman  JZr^iiro .— 1  jorfo  fibn?  of  optlo  remarkably  altered  by  the  con* 
grtiitifi?/attiicHefi;  iw^isiniUar  rod  with  a  flue  fiferoiii  tact  oJ  water,  whicli  causea  tftem 

Cloiiftatjon,  connecting  it  with  the  pratiuJei    fi,  por-   ^q  uudenro   COntOrtioUfl  and  if- 
n  of  tvtU  nltertd  by  tlto  oi'ttan  of  water;    fl,  7,  two  ,        ,     ,    ,  i 

Kjuw  6  fi,  with  their  uuclei  c  r,  tbeif  biuLiiiar  portion*  regular  bulgingH  and  <x>ntr*c- 


fibre  <►  *.  with  granule  of  onter  Uy^r  ?,  and  nubdividijiff   ^^*^"^  ^.j;.— -il-ttnongn  me  gBOe- 
tn.  the  uoeULar  Uyer,  m  well  ar  in  the  opUc  Injer  4;  ral     direction    of    the     fiblOUa 


i,  contueotjoii  of  rods  a,  with  j^rouulet  of  inndr  ln^fr/, 

1       ji        li    ^,^    '^1'    -  j;_^ii:  distinguialied  frc»ra  those  of 

DQiiTiecl^on  of  cone  &  f^.  with  ^mtiiilc  ^f  And  with  nerv<^  ^.  -     .       _      .      ^_ 


[  roaa  o^^  witn  jpiujuies  oi  inner  mjfTf,      i  ,        i*  ^l     !>   *,'        -^      ir 

gnnulfl  of  outer  Uj-er  ^,  «nd  ^ifxamion  of  the  fibre  pro*   elements  OI  tue  KCUUa  itself 

eftwJinffhffln  the  litter  In  this  optklajM*t*r*  Hsirmiw  distinsTUialied  frc»ra  those  of 


Mil  If  wkkh  hu  ODOttuT  Bbrous  p«}]oDffati<Hi  m* 


expansion  of  the  Optic  Ker^ 
is  rtidtai  ns  regards  the  globe 
the  eye,  or  vefiical  as  regarda  any  part  of  the  surface  of  the  naem* 
brane,  yet  there  are  situations  in  which  the  rod -like  bodies  are  directed 
so  obliquely,  as  to  present  quite  an  imbricated  arrangement  uj>on  the 
external  surface  (Fig.  134). 

BOG.  There  are  two  spots  in  the  Retina,  in  which  the  armngemeni 
of  the  foregoing  components  is  essentially  different;  and  Sxom  them 
differences,  important  physiological  concluiiions  may  be  drawn*  One  of 
these  ifl  the  slight  eminence  at  which  the  Optic  titirve  enters,  which  is  a 
little  below  and  intemal*to  the  posterior  extremity  of  the  axis  of  the 
eye;  here  all  the  otlier  elements  than  the  nerve-fibres  aie  entir^jr 
wanting.      The  other    is  the  'y^liow  spot  of  Soemmering,'  which   is 


ne- 
oua       I 
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situated  in  the  exact  centre  of  the  retina;  here  the  stratum  of  optic 
fibres  is  wanting,  the  nerve-cells  being  in  immediate  contact  with  the 
limitary  membrane ;  the  granular  layer  is  deficient  in  the  centre,  so  that 

Pia.  183.  Fio.  134. 


Diitribotion  of  CapilUriet  in  the  VmcoIat  Part  of  external  snrfiMe  of  Betina  qf  Fng, 

lajer  ox  the  Betuta,  ahowinff  the  imbricated  arrangement  of  uie 

extremitiea  of  the  roda  of '  Jacoo'a  Membrane.' 

the  pigment  of  the  choroid  is  visible  through  it ;  but  the  bacillar  layer 
is  everywhere  continuous,  the  ordinary  *  rods,'  however,  having  their 
places  entirely  occupied  by  the  *  cones,*  whose  extremities  abut  upon  the 
external  surface,  instead  of  being  removed  from  it  as  elsewhere. — ^Now 
it  is  not  a  little  remarkable,  that  the  point  of  the  entrance  of  the  Optic 
nerve  should  be  deficient  in  the  power  of  receiving  distinct  visual  im- 
pressions (§  623)  ;  whilst  the  '  yellow-spot'  is  the  most  sensitive  portion 
of  the  entire  Retina.  And  hence  it  seems  imequivocally  to  follow,  that 
these  impressions  cannot  act  primarily  upon  the  nerve-fibres ; — a  con- 
clusion which  harmonizes  with  the  &ct,  that  the  fibres  of  the  optic  nerve 
are  superimposed  upon  each  other  in  the  stratum  which  they  form,  in 
such  numbers  that  it  is  not  conceivable  that  they  should  be  the  primary 
recipients  of  limiinous  impressions,  since  their  transparency  must  allow 
rays  of  light  to  penetrate  from  one  portion  of  the  layer  to  another.  The 
bacillary  layer  was  formerly  r^arded  as  a  reflecting  apparatus,  having 
for  its  purpose  to  stop  the  further  passage  of  light,  and  to  intensify  its 
infiuence  on  the  true  retina ;  but  since  its  connection  with  the  proper 
nervous 'elements  of  the  retina  has  been  established,  there  seems  much 
ground  for  believing  (with  Prof.  Kolliker)  that  its  rods  and  cones  are 
the  primary  recipients  of  luminous  impressions,  and  that  they  commimi- 
cate  their  condition  to  the  fibres  of  the  optic  nerve,  by  means  of  their 
own  delicate  fibrous  prolongations,  which  seem  to  come  into  more  or 
less  direct  connection  with  its  ultimate  ramifications.  This  supposition 
harmonizes  well  with  the  idea  recently  put-forth,  that  the  obfiquity  of 
the  rods  is  such  as  to  make  them  all  point  towards  '  the  centre  of  direc- 
tion' of  the  visual  rays  (§  610);  and  that  it  is  through  this  instrumen- 
tality, that  we  are  guided  in  our  appreciation  of  the  relative  directions 
of  difierent  objects,  as  Articulated  animals  probably  are  by  the  impres- 
sions made  on  the  individual  ocelli  of  their  compoimd  eyes,  since  the 
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object  whose  ray  a  pasa-down  any  cme  of  these,  must  always  1ms  in  tiie 
direction  of  its  axis,* 

607.  The  limits  of  Hunian  Visiont  aa  regarda  the  niinutenesa  of  the 
ohjecta  of  wliich  it  can  take  cognizance,  have  been  investigated  by 
Prof.  Ehrenberg,  with  the  view  of  calculating  tJie  ultimate  power  of  the 
MicToacope.f  In  opposition  to  the  generaHy-received  opinion^  Ehren- 
berg  arrived  at  the  conclusion  that,  in  regard  to  the  extreme  ILm^its  of 
vision,  there  is  little  difference  amongst  persons  of  ordinarily *good  sight, 
whatever  inay  be  tlie  focal  distance  of  their  eyes.  The  smallest  square 
magnitude  uaiailly  visible  to  the  naked  eye,  either  of  white  particles  on 
a  black  grouud,  or  of  black  upon  a  while  or  light-coloured  ground ^  is 
about  the  1 -405th  of  an  inch.  It  ia  possible,  by  the  greatest  conden- 
sation of  light,  anil  excitement  of  the  attention,  to  recognize  magnitudes 
between  the  l-405tli  and  1 -540th  of  an  inch,  but  without  slla^pu^ 
or  cerkiinty.  Bodies  whicli  are  smaller  than  these  cannot  be  discern 
with  the  naked  eye  wheu  single,  but  may  be  seen  when  placed  in  a  row. 
Particles  which  poweriiilly  reflect  light,  however,  may  be  distinctly  men^ 
when  not  half  the  size  of  the  least  of  the  foregoing ;  thus,  gold  rlusij 
of  the  fineness  of  1-1 126th  of  an  inch,  may  be  discerned  with  the  Tiaked 
eye  in  common  daylight.  The  delicacy  of  vision  is  far  greater  for  linfjt 
than  tor  mere  points;  since  opaque  threaxls  of  l-4S>00th  of  an  inch  in 
diameter  (about  half  the  diameter  of  the  Silk-worm's  fil»re)  may  be  dis- 
cerned with  the  naked  eye,  wheu  held  towards  the  light.  The  slice  of 
the  retinal  image  in  these  cases  must  l>e  exceedingly  small.  In  faome 
of  Bergmann's  experiments  it  was  tbund  that  black  nnd  white  dieqtiers 
of  l-25th  of  an  inch  square  could  be  discerned  at  siicli  a  distance  that 
the  retinal  image  of  each  scipmre  could  not  have  exceeded  half  the  diami 
of  one  of  the  cones  of  the  bactUary  layer, § — The  degree  in  which 
attention  is  directed  to  them,  has  a  great  influence  on  the  reiidineas  with 
which  very  minute  objects  can  be  perceived ;  and  Ehrenberg  remarks 
that  there  la  a  much  greater  diifereuce  amongst  individuals  in  this  re- 
gpect,  than  there  is  in  regard  to  the  absolute  limits  of  virion,  Man' 
persons  can  distinctly  see  such  objects,  when  their  situation  is  e: 
pointed-out  to  them^  who  cannot  otherwise  distinguish  them  ;  and  tl 
same  is  the  case  witli  persona  of  acuter  perception^  with  respect  to  objects 
at  diatances  greater  tlian  those  at  which  they  can  see  moat  clearly.  '*  I 
my  sell*,"  says  Ehrenberg,  **  cannot  see  1 -2700  th  of  an  inch,  black  or 
white,  at  twelve  inches'  distance ;  but  having  foimd  it  at  from  four  or 
five  inches'  distjmceH,  I  can  remove  it  to  twelve  inches,  and  still  see  the 
object  plainly.''  Similar  phenomena  are  well  known  in  regard  to  a 
balloon  or  a  faint  star  in  a  clear  sky,  or  a  ship  in  the  hori^oti ;  wo 
easily  see  them  aller  they  have  been  pointed-out  to  us ;  but  the  fkcnttf 
of  readily  descrying  objects  dcpnds  on  the  habit  of  using  the  e' 
in  search  of  them,  and  of  attending  to  the  sensory  impresaioua  thna 
ceived  (§  620)* 

•  See  ihe  rerj  ingenioua  ^'  Essoi^ur  letFUoapbAnes,"  bj  Dr*  Serre,  Patib,  1353^ 

+  Tivylcir**  **  Scientifie  Memoirs,"  Toi  L  p.  &16,     Em  also  Hebubolu,    **  f  fai^olML 

OpaiL.r  urn.  ^ 

t  EliFQaberg  mentioiut  tliAt  he  obUiined  thi?  finest  p&rticles  of  goU,  hy  acraplng  gCIl 
bfU ;  by  filing  pure  gold,  lie  ^whjh  obtaised  mnch  c*janier  partldti* 
i  Eenle  mad  Meijuner's  **  Berlcbt,''  1857»  p.  £5I>. 
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608.  The  amount  of  light  admitted  to  the  Eye  is  regulated  by  the 
contraction  and  dilatatio  n  of  the  Pupil,  the  smallest  diameter  of  which 
is  about  l-20th,  and  its  largest  about  l-3rd  of  an  inch.  The  muscular 
structure  of  the  Human 

Iris  is   entirely    of  the  Fio.  135. 

non-striated  kind,  being 
composed  of  the  elongated 
fibre-cells  with  slaff- 
shaped  nuclei  which  are 
characteristic  of  that 
variety.  Part  of  these 
are  so  disposed  as  to  form 
a  circular  sphincter  (Fig. 
135,  a),  which  can 
be  readily  seen  in  the 
iris  of  the  white  rabbit, 
or  in  the  blue  iris  of 
man  from  which  the  uvea 
has  been  removed,  im- 
mediately surrounding 
the  pupillary  margin  to 
the  breadth  of  about  one- 
third  of  a  line.  The 
fibres  of  this   sphincter 

nrf^  not.  ahaohi tpl  v  narftl -       Mutcular  $tructure  qftkeJritotz  White  Babbit  :—a,  iphincter 

are  not;  aosoiuteiy  parai-  ^ ^  ^^^  p^^^, .  ^^  ^  radiiting  fluwicuU  of  diutor  muscle ;  c.  c,  eon- 
lei,  especial ly  at  the  outer    nective  tissue  with  iU  corposcles. 

margin,  where  they  seem 

to  become  continuous  with  those  of  the  radiating  fasciculi  (&,  b),  which 
may  be  traced  from  this  sphincter  (though  usually  with  difficulty)  to  the 
outer  margin  of  the  iris,  sometimes  anastomosing  with  each  other  in  their 
coiuw.*  The  contraction  of  the  annular  fibres,  whereby  the  diameter 
of  the  pupil  is  diminished,  is  efEected,  as  already  explained  (§  496), 
through  the  instrumentality  of  the  Third  pair  of  nerves ;  the  contraction 
of  the  radiating  fibres,  on  the  other  hand,  whereby  the  pupil  is  dilated, 
is  under  the  government  of  the  cervical  portion  of  the  Sympathetic,  being 
called-forth  (as  MM.  Budge  and  Waller  have  shownf )  by  irritation  of 
the  trunk  of  the  Sympathetic  in  the  neck,  or  of  the  lower  part  of  the 
cervical  portion  of  the  Spinal  Cord,  by  the  magneto-electric  apparatus ; 
whilst  section  of  the  Sympathetic  produces  a  permanent  contraction  of 
the  pupil,  the  action  of  the  Third  pair  being  then  no  longer  antagonized. 
It  appears  from  other  experiments,  that  the  fibres  through  which  this 
movement  is  efEected,  pass  through  the  Gasserian  ganglion,  and  are  dis- 
tributed to  the  eye  by  the  ophthalmic  branch  of  the  Fifth  pair  (§  477). 
The  contraction  of  the  Pupil  answers  the  purpose,  as  we  have  seen,  not 
merely  of  excluding  superfluous  light  from  the  eye,  but  also  of  cutting 
oflf  the  most  divergent  rays  when  the  object  is  brought  near  the  reflect- 
ing surfiice  (§  603),  and  of  thus  preventing  the  indistinctness  of  vision 

•  See  Prof.  Kolliker'B  "Mikroskopische  Anatomie,"  band  ii.  §272;  and  Job.  J. 
Lister^B  *  ObseryationB  on  the  Contractile  Tissne  of  the  Iris/  in  *' Quart.  -Jonm.  of 
MicroBCop.  Science,"  vol.  i.  p.  8. 

t  «  Gazette  M^dicale/'  1851,  Nob.  41, 44. 
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which  would  result  from  their  iidiiiiaiion.  For  although,  when  ti 
Ej0  IB  at  rest|  parallel  rays  come  to  a  Ibciia  on  the  HetlmL,  dire^fg^ 
or  c^nvergient  rays  prooeediDg  from  way  point  come  to  a  fociis  eitli 
behind  or  in  front  of  that  menibmne^  IbrmiDg  upon  it  what  is  tcmw 
a  "circle  of  dissipation";  but  by  cutting  off  the  outermost  tays 
permitting  the  entrsDoe  of  those  only  which  are  nearly  panaJlel,  I 
magnituile  of  such  circles  is  materially  diminished,  and  vision 
spoil diDgly  improved.  It  ia  interesting  to  obsen^e  that  contimclioii 
the  pupil  is  effected  with  greater  rapidity  than  dilatation,  a  matter 
some  inipjrtaace  in  sudden  alternations  from  light  to  darkn^s, — a 
Brown- S^quard*  has  shown  that  tlie  Irides  of  various  animals  ni^^l 
directly  affected  by  Heat  and  Light.  Thus  if  the  eyes  of  dogi^  cl^^ 
rabbi tSj  either  soon  after  death  or  shortly  after  their  removal  from  t] 
body,  be  suddenly  exposed  to  an  alteradon  of  temperatm'c  amouBtmg 
50^  or  6(P  F.J  if  the  pupil  be  contracted,  it  ejcpanda,  though  on  tl 
oontrary,  if  it  be  in  tlie  first  instance  dilated,  it  speedily  contracts.  Th^ 
effects  of  heat  have  not  been  observed  either  in  Man  or  the  Mamma] 
during  life.  As  regards  the  direct  action  of  Light,  Brown -S^quard  foui 
tliat  the  Irides  of  eels  and  frogs  which  had  been  removed  for  several  (ev€ 
sixteen)  days  from  the  body  in  winter,  aB  well  as  the  Irides  of  mammii 
and  birds  for  a  short  time  afber  death,  contracted  on  exposure  to  tl 
bght  of  the  Sim  or  of  a  candle ;  this  effect  being  produced  even  when  tl 
posterior  half  of  the  eye  had  been  cut  off,  and  when,  therefore,  thei 
could  have  been  no  ret!ex  action.  The  yellow  rays  appeared  to  ImiI 
tlie  greatest  energy.  These  remarkable  phenomena  prove,  at  all  ertut 
that  the  contract  ion  of  the  pupil  is  not,  ns  baa  occasionally  been  main 
tained,  exclusively  due  to  vascular  turgescenco*  The  cause  of  the  effei 
produced  by  Light  is  diiiicult  to  explain,  but  that  occasioned  by  Hei 
may  perhaps  be  attributed,  as  Brown- S^^^quard  suggests,  to  tbe  circum 
stance  that  a  contracted  muscle  bos  less  power  than  one  in  a  state  c 
extension,  so  that  if  a  stimulus  act  equally  on  both,  when  previouBl 
nicely  balanced  in  ]x»int  of  strength,  the  unoontracted  niuscle  will  exta 
the  greater  force,  and  consequently  overpower  the  contracted  muscks 

609,  The  sense  of  Vision  dejM^nds,  in  tlie  iirst  place,  on  the  excitcmcn 
of  our  sensational  consciousness  by  the  ocular  picture  impresaed  tipon  th 
retina,  which  represents  tlie  outlines,  lights  and  shades,  colours,  aiv 
relative  positions  of  the  objects  betbre  us ;  and  all  the  idmvB  respecting  th 
real  forms,  distances,  &c,  of  bodies,  which  we  found  upon  those  data,  ac 
derived  through  the  perceptions,  either  instmcUvely  or  experientialli 
suggested  by  sensations.  Many  of  these  ideiis  are  derived  tli rough  tl* 
combination,  in  our  minds,  of  the  Visual  i>erceptions,  with  tliose  derives 
from  the  aenue  of  Touch.  Thus,  to  t-iko  a  most  simple  lllustnition,  tb 
idea  of  smooth ne9S  is  one  essentially  tactUe ;  and  yet  it  constitntly  ticcur 
t<>  us,  on  looking  at  a  surface  which  reflects  light  iu  a  particular  man nei 
But  if  it  were  not  for  the  association  which  experience  leads  us  to  fana 
of  the  connection  between  polish  as  seen  by  the  ftfe^  and  smooihuesji  n 
feJt  by  the  totich,  we  should  not  be  able  to  determine,  as  we  now  can  do 
the  existence  of  both  these  qualities^  from  an  impression  commuujcat^d  u 
us  through  either  sense  singly, — The  general  fact  that,  in  I^Ian,  tlji 
greater  part  of  liioae  notions  of  the  external  world,  by  which  his  action 
•  **  Joanua  de  k  FhyBiobfio,*'  1859,  val.  ii,  p.  294. 
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in  the  adult  state  are  guided,  are  acquired  by  the  gradual  association  of 
the  two  sets  of  perceptions  derived  through  the  Sight  and  through  the 
Touch,  is  substantiated  by  amply-sufficient  evidence ;  this  being  chiefly 
derived  from  observations  made  upon  persons  bom  blind,  to  whom  sight 
has  been  communicated  by  an  operation,  at  a  period  of  life  which 
enabled  them  to  give  an  accurate  description  of  their  sensations.  The 
case  recorded  by  Cheselden  is  one  of  the  most  interesting  of  these.  The 
youth  (about  twelve  years  of  age),  for  some  time  after  tolerably-distinct 
vision  had  been  obtained,  saw  everything  jlat  as  in  a  picture,  simply 
receiving  the  consciousness  of  the  impression  made  upon  his  retina ;  and 
it  was  some  time  before  he  acquired  the  power  of  judging,  by  his  sight, 
of  the  real  forms  and  distances  of  the  objects  aroimd  him.  An  amusing 
anecdote  recorded  of  him,  shows  the  complete  want  which  there  is  in 
Man,  of  any  natural  or  intuitive  connection  between  the  ideas  formed 
through  visual  and  through  tactile  sensations.  He  was  well  acquainted 
with  a  Dog  and  a  Cat  by  feeling ,  but  could  not  remember  their  respec- 
tive characters  when  he  saw  them  ;  and  one  day,  when  thus  puzzled,  he 
took  up  the  Cat  in  his  arms,  and  felt  her  attentively,  so  as  to  associate 
the  two  sets  of  ideas,  and  then,  setting  her  down,  said,  "  So  puss,  I  shall 
know  you  another  time.*^ — ^A  similar  instance  has  come  under  the 
Author's  own  knowledge ;  but  the  subject  of  it  was  scarcely  old  enough 
to  present  phenomena  so  striking.  One  curious  circumstance  was  re- 
marked of  him,  which  fully  confirms  (if  confirmation  were  wanting)  the 
view  here  given.  For  some  time  afler  his  sight  was  tolerably  clear,  the 
lad  preferred  finding  his  way  through  his  father's  house  (to  which  he  had 
been  quite  accustomed  when  blind)  by  touch  rather  than  by  sight,  the 
use  of  the  latter  sense  appearing  to  perplex  instead  of  assisting  him ;  but, 
when  learning  a  new  locality,  he  employed  his  sight,  and  evidently  per- 
ceived the  increase  of  facility  which  he  derived  from  it.* — The  actions 
performed  by  many  new-bom  animals  do  not  constitute  any  valid 
objection  to  the  view  that  such  visual  perceptions  are  for  the  most 
part  acquired  by  Man  ;  for  all  that  is  indicated  by  them  is,  that  certain 
sensations  give-rise  to  movements  adapted  to  supply  the  wants  to  which 
they  relate  ;  and  they  do  not  afford  any  proof  that  definite  notions,  such 
as  we  entertain,  of  the  forms  and  properties  of  external  objects,  are  pos- 
sessed by  the  animals  which  exhibit  them. — ^We  shall  now  examine,  a 
little  more  in  detail,  into  the  means  by  which  we  gain  such  notions,  and 
the  data  on  which  they  are  foimded. 

610.  The  first  point  to  be  determined,  is  one  which  has  been  a  fruitful 
source  of  discussion, — ^the  cause  of  erect  vision^  the  picture  upon  the 
retina  being  inverted ;  and  with  this  is  connected  the  general  question 
of  the  origin  of  our  Sense  of  Direction. — The  diflficulty  which  has  been 
raised  in  r^ard  to  the  former  subject,  is  rather  apparent  than  real;  being 
founded  on  an  erroneous  notion  of  the  nature  of  the  Visual  sense.  For 
it  seems  to  have  been  supposed  that  we  look  at  the  retinal  picture  with 
the  *  mind's  eye,'  just  as  we  look  at  the  picture  formed  by  a  Camera  with 
the  bodily  eye ;  and  that  our  consciousness  must  be  therefore  impressed 

*  The  qaestioD  has  been  proposed,  whether  a  person  bom  blind,  who  was  able  by  the 
sense  of  Touch  to  distinguish  a  cube  from  a  sphere,  would,  on  suddenly  obtaining  his 
Sight,  be  able  to  distinguish  them  by  the  latter  sense.  This  question  was  answered  by 
L(^e  in  Uie  negative  ;  and,  as  appears  from  the  facts  above  stated,  with  justice. 
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by  itM  4i0cordajice  with  tlie  informatioti  Trliich  we  reeeiTe  lltiorQ^  oor  i 
<M  T(mch .  Some  phi  loBopbeTB,  indeed ,  hskre  aetnallj  gozie  bd  ftr  as  to  i 
tbftt  die  Bijknt  muBt  at  first  see  eyerjthing  iBTerted,  and  that  the  < 
neift  of  viitml  objects  h  only  learned  by  the  corrective  esperienoe  g 
by  touching  and  handling  them.  But  such  is  cLeftrly  not  the  case ;  to 
ihe  viffual  perception  is  obviously  not  a  mere  iramfir  of  the  sensorial 
flllpr«iilOlt,  but  is  a  mental  Hate  excited  %  tt^  and  therefore  rekted  to  h 
W  an  effect  to  its  cause  ;  and  we  know  no  reason  why  it  should  be  kM 
naturtd  for  the  retmal  picture  to  ^u^fft^t  fo  the  mnd  the  notion  of  erect 

S'tion,  than  for  i I  to  have  the  contrary  effect.  Moreover,  it  wiJi  apj*ear 
I  rocent  investigations  to  be  hereailer  detailed  (§^624)^  that  there  m 
In  ^16  eye  a  common  *  centre  of  direction/  through  which  all  lines  must 
pttai,  tliat  are  dr^wn  from  any  points  of  an  external  object  to  the  oorr#- 
Upending  points  of  its  retinal  image  ;*  and  tlmt  we  itninedialely  refir  the 
ciiuj<(e  of  the  excit^ition  of  any  spot  of  the  retina  by  a  luminous  Impreamom, 
to  an  oljje<!tive  source  in  the  *  line  of  direction*  which  paiwi^  &om  that  spot 
through  the  centre  of  direction  ;  &o  tliat,  in  virtue  of  this  *  hiw  of  visible 
dtrectir>n/  u^  all  the  lines  of  direction  eroiB  each  other  both  veitioaU^ 
and  kteruily^  the  formation  of  an  inverted  Image  upon  our  return  sugg^ati 
to  our  mind 9  the  repreietitation  of  the  object  in  its  erect  position,  and 
thj  mme  re  versa!  takes- place  also  in  regard  to  its  two  sides,  which  are 
tmnsposed  in  the  retinal  picture.  A  peculiar  arrangement  of  the  receptive 
apparatus,  which  seems  to  be  subservient  to  lliis  mental  appreciation  of 
direction,  has  been  already  notic^  (§  606). 

611.  The  c^use  of  Sint/k  Vision  with  the  tiro  Effeshnm,  in  like  manneri 
bedn  tlio  subject  of  much  diicuseion;  and  here^  too,  the  difficulty  is  rather 
apparent  than  rani,  having  ibr  its  foundation  the  idea  that  the  mind 
locks  at  tlie  two  retinal  pictures  as  at  two  separate  objects,  instead  of 
being  injfiresBed  by  a  certain  state  of  the  Sensorium,  which  may  b© 
exciteil  tlirough  the  instrumentality  of  either  eye,  or  through  that  of 
both  in  combination.  Some  have  even  asserted,  under  the  influence  of 
this  idea,  that  we  do  not  really  employ  both  eyes  simultanecualy,  but 
that  the  mind  ia  aflfected  by  the  image  communicated  by  one  only;  which 
might  Beem  to  lie  confirmed  by  the  fact  suiHciently  weU  aaceftained 
respecting  the  a  Item  ate  use  of  the  two  eyes,  when  they  are  looki^ 
through  two  ilifllerGntly -coloured  media.  But  of  this  assertion  a  com- 
plete disproof  is  ztfrorded  by  the  knowledge  we  now  possess  (§  612),  thaH 
our  appreciation  of  the  aolid  forms  of  bodies  depends  on  the  combinatioii, 
btf  the  Mind^  of  the  images  simultaneously  suggested  by  the  two  pic- 
tures; and  that  our  knowledge  of  distances  is  in  great  part  obtained  in 
like  manner. — Attempts  have  been  made  to  explain  the  pheDomena  cl 
Single  Vision  by  the  peculiar  decussation  of  tlie  Optic  Kervea  formerly 

*  With,  regani  to  the  preeiss  situation  of  th^s  '  centre  of  dtref^tioti,'^  there  is  a  wwii  of 
■flOorduuM  smoDg  thoit^  wha  have  attempted  to  deter miDe  it ;  som«  havtag  pUeed  h  ia 
tii«  centre  of  the  pupil,  others  in  the  centre  of  the  cryBtalline  lens*  otheri  »t  TsdoQi 
diirtAn^et  between  this  and  the  oontre  of  the  glob*?,  and  others  (unong  them  Sir  D. 
Breweter)  it*  the  centre  of  the  glotie.  This  loAt,  notionj  with  the  *  Jaw  of  Tieibie  difce* 
tion'  Tun  n  (led  apan  lit — vhich  ftffirmi  th«t  evtty  objeet  h  seen  in  the  direction  of  iht 
perpcodicuL&r  (or  TBdtot)  to  every  point  of  the  »tiiui  irhieh  ii  imprCM^d, — Im  m  mJ^td* 
fntlj  wrong,  that  h  It  difilettit  to  ooneelre  how  it  conld  ever  hwe  been  entetiftui^d  hf 
men  of  science.  The  experimenUl  ioTestigntioos  of  Dr.  Sent  (§  624)  Isnd  him  tA 
rega^rd  the  cei^tre  of  the  etTit^Une  ei  the  *  oestre  of  direetiim.* 
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described  (§  506);  it  being  supposed  that  only  one  Optic  Ganglion  would 
be  affected  by  an  impression  made  upon  both  Retinas.*  This  explanation, 
however,  even  supposing  the  fact  to  be  as  stated,  would  be  far  from 
affording  the  solution  of  the  problem ;  and  it  would  be  entirely  inappli- 
cable to  that  very  important  series  of  phenomena  to  be  next  described, 
which  show  how  large  an  amount  of  information  we  derive,  not  from  the 
repetition,  but  from  the  difference,  of  the  sensory  impressions  made  by  the 
same  object  upon  our  two  retinae ;  and  which  indicate  that  here,  as  in 
the  case  of  erect  vision,  the  mental  interjyretation  of  the  sensory  impres- 
sions is  a  process  altogether  removed  from  the  simple  affection  of  the 
consciousness  by  those  impressions,  and  is  not  to  be  accounted-for  by 
any  structural  arrangements  of  the  Sensorial  apparatus.  One  condition 
of  Single  Vision,  however,  seems  to  be  this,  that  the  two  images  of  the 
object  should  be  formed  on  parts  of  the  two  retinas  which  are  accustomed 
to  act  in  concert;  and  habit  appears  to  be  the  chief  means  by  which 
this  conformity  is  produced.  There  can  be  no  doubt,  however,  that 
double  images  are  continually  being  conveyed  to  the  Sensorium ;  but 
that,  from  their  want  of  force  and  distinctness,  and  from  the  attention 
being  fixed  on  something  else,  we  do  not  take  cognizance  of  them.  This 
may  be  shown  by  a  very  simple  experiment.  If  two  fingers  be  held-up 
before  the  eyes,  one  in  front  of  the  otlier,  and  vision  be  directed  to  the 
more  distant,  so  that  it  is  seen  singly,  the  nearer  will  appear  double ; 
while,  if  the  nearer  one  be  regarded  more  particularly,  so  as  to  appear 
single,  the  more  distant  will  be  seen  double.  A  little  consideration  will 
show,  therefore,  that  our  minds  must  be  thus  continually  affected  with 
sensations,  which  cannot  be  imited  into  the  idea  of  a  single  image ;  since, 
whenever  we  direct  the  axes  of  our  eyes  towards  any  object,  almost 
everything  else  will  be  represented  to  us  as  double ;  but  we  do  not  ordi- 
narily perceive  this,  from  our  minds  being  fixed  upon  a  clear  and  distinct 
image,  and  disregarding,  therefore,  the  vague  undefined  images  formed 
by  objects  not  in  the  visual  focus.  Of  this  it  is  very  easy  to  satisfy  one's- 
self.  It  has  been  found  by  Gehler,  J.  Muller,  and  others,  that  those 
objects  which  do  not  appear  double  when  a  given  point  is  fixedly  regarded 
are  situated  in  a  certain  circular  line,  termed  the  Horopter,  of  which  the 
chord  is  formed  by  the  distance  between  the  eyes,  whilst  the  magnitude 
of  the  circle  is  determined  by  three  points — ^namely,  by  the  two  eyes  and 
the  point  towards  which  their  axes  converge.  Prof.  Helmholtz,  however, 
considers  that  generally  the  Horopter  is  a  line  of  double  curvature,  pro- 
duced by  the  intersection  of  two  hyperboloids,  or,  exceptionally,  of  two 
plane  curves ;  and  that  when  we  look  straight  forward  to  a  point  of  the 

*  This  decussation  seems  to  be  even  more  complete  than  was  formerly  supposed,  for 
in  various  experiments  made  by  Dr.  Waller  upon  the  effects  of  section  of  one  optic 
nerre,  it  was  found  that  the  Optic  Tract  upon  the  same  side  as  the  lesion,  showed  no 
signs  of  degeneration,  whilst  that  of  the  opposite  side  soon  underwent  disorganization 
with  the  exception  of  a  few  strands  on  the  inner  and  posterior  aspect ;  thus  counte- 
nancing the  opinion  that  there  are  commissural  fibres  passing  between  the  corpora 
quadrigemina  of  the  two  sides,  but  negativing  the  view  that  some  of  the  fibres  from  each 
retina  run  to  the  corpora  quadrigemina  on  their  own  side.  Dr.  Waller  is  inclined  to 
think,  therefore,  that  tiie  decussation  is  complete.  It  is  important  to  observe,  that  in 
these  experiments  the  anterior  portion  of  the  divided  nerre,  with  the  retinal  elements, 
remained  unchanged  for  many  weeks.  See  "Proceedings  of  the  Royal  Society," 
vol.  viii.  On  the  other  hand,  the  reader  may  refer  to  some  curious  cases  of  partial 
Amaurosis  recorded  by  Mr.  Towne  in  the  "Guy*s  Hospital  Reports"  for  1863,  p.  127. 
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horizon,  tLe  Horopter  beoomea  a  borizonlal  plane  pasaing  throogli  oar 
feet — beings  in  fact,  the  ground  on  which  we  are  sumding.  The  form 
and  situation  of  the  Horopter  appear  to  he  of  gr^t  practical  import- 
ance in  enabling  ua  to  judge  with  aocnracj  of  the  shape  and  disymce  of 
those  objects  which  are  situated  in  it,» — The  above  experiment,  mor^ 
over,  makes  it  evident  that  double  vision  cannot  result  from  u?ani  0/ 
t^mmetrif  in  the  position  of  the  images  upon  the  retina,  to  which  some 
have  attributed  it;  for  it  answers  equally  well,  if  the  line  of  the  two 
fingers  be  precisely  in  front  of  the  nose»  so  that  the  inclination  of  tKDth 
eyes  towards  either  object  is  equal ;  the  position  of  the  imagea  of  the 
second  object  must  then  be  at  the  same  distance  on  either  aide  fro^m  the 
central  line  of  iJie  retina,  and  yet  tliey  are  represented  to  the  mind  as 
double.  Hence,  too,  it  seeme  clear  that  singleness  of  vision  in  an  object 
that  is  Imked-at^  is  also  dependent  in  part  upon  the  converge  nee  of  the  optic 
axes  in  that  object  (§  G03);  and  that  tliis  is  the  case  appears  fiirther  from 
a  cuTioUB  exijeriment  devised  by  Prof  Wheatstone,  in  which  two  similar 
objects  are  made  to  seem  as  one,  when  they  are  placed  in  the  line  of  con- 
veigeuce.  This  is  accomplished  by  lookiTjg  through  two  tubes,  ^Aaeed 
before  the  right  and  left  eyes  respectively^  at  two  similar  objects  of  imy 
deacription,  placed  near  the  farther  extreniitiea  of  the  tubes ;  if,  tiow, 
these  objects  be  slightly  approximated,  so  that  the  axes  of  the  txihm 
(still  directed  towards  them)  meet  in  a  point  beyond^  the  mind  la 
impressed  with  the  image  of  only  a  single  object,  and  this  appears  to  b© 
removed- back  to  the  point  of  convergence, 

012.  On  the  mode  in  which  our  notion  of  the  solid  forms  and  rtiativ€ 
projection  of  objecto  is  acquired,  great  light  has  been  tlirown  by  the 
interesting  experiments  of  Prof  Wheatatone.f  It  seems  perfectly  evident, 
both  from  reason  and  experience,  that  the  fiat  picture  upon  tlie  redna, 
which  is  the  immediate  source  of  our  sensation,  could  not  itself  convey 
to  our  minds  any  notion,  but  that  of  a  corresponding  plane  auriace*  In 
feet,  any  notion  of  soiiditi/j  wMch  might  be  formed  by  a  person  who  had 
never  had  the  use  of  more  than  one  eye,  would  entirely  depend  upon  the 
combination  of  his  visual  and  tactOe  sensations.  This  view  is  fully  con- 
firmed by  tlie  case  already  referred -to  (§  GOU),  as  recorded  by  Che8elden« 
The  first  visual  idea  entertained  by  the  youth  wiia,that  the  objecta  around 
him  formed  a  fiat  surface,  which  touched  his  eyes,  aa  they  had  previoi] 
been  in  contact  with  his  hands;  and  alter  tliis  notion  had  l>een  correct- 
through  the  education  of  liis  sight  hy  ])is  touch,  he  fell  into  the  conve 
error  of  supposmg  that  a  picture^  which  was  shown  to  him,  was  the 
object  itself  represented  in  relief  on  a  small  scale.^ — But  where  l>oth  eyes 
are  employed^  it  has  been  ascertained  by  Prof  Wheatstone,  that  thCT 
concur  in  exciting  the  perception  of  solidity  or  projection,  which  nxi'^ 
from  the  mental  combination  of  the  two  dismnilay  pictures  formed  np 
the  two  retime.  It  is  easily  shown,  that  any  near  object  is  seen  in  ti 
different  modes  by  the  two  eyes.  Thus  let  the  reader  hold-up  a  di 
book^  in  such  a  manner  that  itd  back  shall  be  exactly  in  front  of  Ids  noee, 
and  at  a  moderate  distance  from  it ;   he  w-ill  observe,  by  closing  first  one 


•  See  MliUw'i  *'  FbjfimTogy,"  tmnflkted  by  Dr.  BiJy,  vd.  li.  p.  1196  ;  m] 
Crooaiaa  hectare  far  1864,  delivered  before  the  i&jtl  Sodetj,  bj  Pi 
Hehoiiokz,  m  toJ.  xiit.  of  the  *'  Procectliap  of  the  ficjal  Society,** 

t  *'  rhUo«Qpbl4»l  TnuQMCtiimB,"  1S3&  And  l^% 
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eje  and  tlien  the  other ,  that  his  perapective  view  of  it  (or  the  mania er  in 
which  he  woulti  represent  it  on  a  plane  sarface)  is  very  difibreitt,  accord* 
ing  to  the  eye  witlj  which  he  see^  it.  With  the  right  eye  he  will  see  its 
right  side,  very  niueh  fore-shortened ;  with  the  left,  he  wilJ  gam  i%  corre- 
sponding view  of  the  left  iide ;  and  the  npparent  angles,  and  the  lengths 
of  the  diiferent  linea^  will  be  found  to  he  very  different  in  the  two 
views.  On  looking  at  either  of  these  views  singly,  no  other  notion 
of  solidity  can  be  acquired  from  it,  than  that  to  which  the  mind  is 
conducted,  by  the  aasociation  of  such  a  view  with  the  touch  of  the 
object  which  it  represents.  But  it  is  capable  of  proof,  tliat  the  mentaJ 
association  of  the  different  pictures  upon  the  two  retina,  doea  of  itself 
give  rise  to  the  idea  of  solidity.  This  proof  is  afforded  by  Prof  Wheat- 
stone's  iagenioofi  instnimeut,  the  8tereoscopo,  lirst  described  by  hijn  in 

613.  The  Stireoifmpi  m  its  origjnal  form  essentially  consists  of  two 
plane  mirrors,  inclined  with  their  hacks  to  one  another  at  an  angle  of 
90'*.  If  two  perapective  drawings  of  any  solid  object,  as  seen  at  a  given 
distance  with  the  two  eyes  respectiveiy,  siich  as  those  at  a  and  B, 
Fig.  18^;  be  so  pinned  before  these  mirrors,  one  before  each,  that  their 

¥m.  136. 


two  images  shall  be  made  to  fall  upon  the  eorresjiouding  i>uTts  of  the  two 
retiuifi,  in  the  same  manner  as  the  two  images  formed  by  the  solid  object 

*  TnnqtiK  tnodificatioaa  of  thtd  ttiitntmeut  b^ve  been  aubneqncntlj  Introduced ;  and 
thera  is  one  ^rhkh  haii  recently  (18&1)  ooDie  into  very  exteoaive  uae,  Id  wfatcli  ihe  Iwo 
aumoonlfir  pictures  ptACed  aicie  b;  tid^,  as  in  Figs.  136f  137,  ue  vieired  'bj  the  tvo  ^m 
fiSflMtiirely  tlirough  two  balr^  of  n  cdiirex:  Icii».  The  groftt  adTUitftge  of  thii  mami' 
inttl  ii  its  porUbilitjr,  and  its  enltiriietufiai  of  tfae  pictares  bj  the  amgnlfyin^  power  of 
tbe  letiici  l  Imt  it  b  timited  lo  fjicturea  of  snijill  size,  slacd  the  di«tnLUi'e  between  cor^ 
ftflponding  poiuta  of  tbe  two  ptcicir«0  iiiiiet  not  exceed  the  distance  between  the  centret 
fif  tbe  two  eyca  ;  nnd  t%  in  iitcapsibJe  of  many  adiiptatidii^  wbicb  can  be  made  witb  the 
rnirrur  stcrei^Eicopt. — In  tlie  Stereo  mouoieope  of  Ctnudet  tbe  id  eft  of  reHef  w  obtained 
bj  looking  witb  Ijotb  eyes  nt  oiice  uii  o  gronndglaia  plat«  at  the  tmage  prodneed  by  tlie 
eo«le««>^n<'e  of  tbe  two  iiungee  of  tk  st<r**oBciopic  slid^p  eaeh  refracted  by  a  separate  lens* 
Se«  *^I'iooeed.  of  lioyal  Soeioty/'  ¥ol  uc.  1857-61*,  i\  Wi, 
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itself  would  liave  done,  the  mind  will  perceive,  not  a  single  representa- 
tion of  the  object,  nor  a  confused  blending  of  the  two,  but  a  projecting  or 
receding  surikce,  the  exact  counterpart  of  that  from  which  the  dimwingp 
were  matle.*  The  soUd  form  is  forcibly  impressed  on  the  mind,  even 
when  outlines  only  are  given,  especiall}^  if  the^  be  delineations  of  mmple 
geometrical  figures,  eaailj  suggested  to  the  mind ;  and  it  may  be  readilj 
shown  that  the  very  same  outlines  will  suggest  different  eonceptioBs, 
according  to  the  mode  in  which  they  are  placed.     Thus  in  Fig.  137^  the 


t 
a  the      J 

ptioQ      I 


upper  pair  of  figures,  A,  B,  when  combined  in  the  Stereoscope,  excite  tlie 
idea  of  a  projecting  truncated  pyramid,  with  the  small  sqimre  i>i  iht  ctrttrt^ 
and  the  four  aidea  sloping  equally  awai^  frotn  it;  whilst  the  lower  jmr 
of  figures,  c,  D J  which  are  tlie  same  as  the  nppcir,  but  tranderred  to  the 
opposite  sides,  tio  leas  vividly  bring  before  the  mind  the  visual  conception 
of  a  receding  pyramid,  still  with  the  small  square  in  the  centre,  and  * 
fonr  sides  sloping  equally  toivanh  it, — ProC  Wheatstone  hag  £w 
Bhown,  by  means  of  the  Stereoscope,  that  similar  imagee,  diflTering 
certain  extent  in  magnitude,  when  presented  to  the  corresponding  partd 
of  the  two  retinffi,  give-rise  to  the  perception  of  a  single  object,  inter- 
mediate in  taze  between  the  two  monocular  pictures.  Were  it  not  for 
this,  objects  would  appear  single  only  when  at  an  equal  distance  from 
both  eyes,  so  that  their  pictures  upon  the  retina  are  of  the  sama  dxe; 
which  will  not  happen  unless  they  are  directly  in  front  of  the  median 
line  of  the  face*  Again^  if  pictures  of  dissimilar  objects  be  dmiiltaneoualy 
presented  to  tlie  two  eyes,  the  consequence  will  be  similar  to  that  which 

^  Tti«  most  sink  lug  «ffect  Ii  prodiiced  bj  two  Fbologr&phio  pic  tares,  taken  ftl  t^ 
nme  lime  bj  two  ^tmeru,  so  pkced  ibat  their  axes  Afaall  form  the  moe  magW  with 
each  other  lu  that  which  the  axei  of  the  two  eyes  would  form  when  looking  Attle  MfM 
o^eet.  This  adaptailoD,  thoogh  the  credit  Uma  been  atiozafld  bj  othen.  was  oiieiiiallf 
deriied  hj  Prnf,  WheaUtone, 
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is  experienced  when  the  rays  come  to  the  eye  through  two  differently 
coloured  media;  the  two  images  do  not  coalesce,  nor  do  they  appear 
permanently  superposed  one  upon  the  other ;  but  at  one  time  one  image 
predominates  to  the  exclusion  of  the  other,  and  then  the  other  is  seen 
alone ;  and  it  is  only  at  the  moment  of  change  that  the  two  seem  to  be 
intermingled.  It  does  not  appear  to  be  in  the  power  of  the  Will,  Prof 
Wheatstone  remarks,  to  determine  the  appearance  of  either ;  but  if  one 
picture  be  more  illiuninated  than  the  odier,  it  will  be  seen  during  a 
larger  portion  of  the  time.  If,  however,  tie  differences  in  the  two 
pictures  be  such  that  the  Mind  can  reconcile  them,  an  intermediate  con- 
ception is  formed ;  thus  if  two  photographic  portraits  be  taken  at  the 
proper  angle  for  the  Stereoscope,  not  simultaneously  but  consecutively, 
and  the  *  sitter'  alter  his  expression  in  the  interval,  so  that  one  of  the 
portraits  represents  him  wiUi  a  smile,  and  the  other  with  a  frown,  the 
Stereoscopic  image  will  present  an  intermediate  expression  of  placidity. — 
Many  other  curious  experiments  with  this  simple  instrument  are  related 
by  Prof  Wheatstone ;  and  they  all  go  to  confirm  the  general  conclusion, 
that  the  combination  of  the  diflsimilar  images  furnished  by  the  two  eyes 
is  a  mental  actj  the  resultant  of  which,  in  ^e  case  of  all  objects  that  are 
near  enough  to  be  seen  in  different  perspective  with  the  two  eyes,  is 
a  mental  image  (referred  to  the  visual  sense)  possessing  the  attributes  of 
solidity  and  projection.  In  r^ard  to  distant  objects,  however,  the  dif- 
ference in  the  images  formed  by  the  two  eyes  is  so  slight,  that  it  cannot 
aid  in  the  determination ;  and  hence  it  is,  tibat  whilst  we  have  no  difficulty 
in  distinguishing  a  picture,  however  well  painted,  from  a  solid  object, 
when  placed  near  our  eyes  (since  the  idea  which  might  be  suggested  by 
the  image  formed  on  one  eye  will  then  be  corrected  by  the  other),*  we 
are  veiy  liable  to  be  misled  by  a  delineation  in  which  the  perspective, 
light  and  shade,  &c.,  are  &ithfully  depicted,  if  we  are  placed  at  a  distance 
from  it,  and  are  prevented  from  perceiving  that  it  is  but  a  picture.f  In 
this  case,  however,  a  slight  movement  of  the  head  is  sufficient  to  imdeceive 
us ;  since  by  this  movement  a  great  change  would  be  occasioned  in  the 
perspective  view  of  the  object,  supposing  it  to  possess  an  imeven  surface ; 
whilst  it  scarcely  affects  the  image  formed  by  a  picture.  In  the  same 
manner,  a  person  who  only  possesses  one  eye,  may  obtain,  by  a  slight 
motion  of  his  head,  the  same  idea  of  the  form  of  a  body  which  another 
would  acquire  by  tiie  simultaneous  use  of  his  two  eyes. J 

614.  Our  appreciation  of  the  relative  Distances  of  near  objects  seems 
to  be  derived  in  like  manner  from  the  mental  combination  of  the  percep- 
tions derived  from  the  dissimilar  pictures  upon  the  two  retinas,  assisted 
by  the  sensations  derived  from  the  muscles  of  the  eyeballs,  which  are  put 

*  It  IB  a  remarkable  illastration  of  this  principle,  that  a  photographic  representation 
of  a  landscape,  building,  kc,  when  viewed  with  one  eye  at  a  moderate  distance,  fre- 
qaentlj  brings  the  real  scene  far  more  forcibly  before  the  mental  vision  than  when  it  is 
looked-at  with  both  eyes ;  since,  in  the  latter  case,  the  mind  cannot  avoid  perceiving 
the  flatness  of  its  surface  ;  whilst,  in  the  former,  the  perspectire,  and  the  distribution 
of  the  lights  and  shadows,  are  free  to  suggest  to  the  mind  the  relative  distances  and 
projections  of  the  several  parts. 

■f  This  delusion  has  been  extremely  complete,  in  some  cf  those  who  have  seen  the 
panoramic  view  of  London  in  the  Colosseum.  A  lively  and  interesting  account  of  it  is 
given  in  the  Journal  of  the  Parses  Shipbuilders,  who  visited  England  some  years  ago.  ^ 

t  For  many  interesting  experiments  with  the  stereoscope,  see  Mr.  T.  Towne  in 
'*  Gu7*B  Hospital  Reports?  for  1862  and  1868. 
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in  action  to  bring  die  optic  axea  into  the  reqtikite  eonirergence.     Hoi 

much  our  right  estimation  of  the  relative  distapces  of  ol>jects  not  too  i 
removed  from  the  eye,  depends  upon  the  joint  use  of  both  ej^e*,  is 
evident  by  the  fact,  that,  if  we  close  one  eje,  we  tin  d  ourselvee  tmabli 
to  execute  with  certainty  many  actions  (anch  us  threading  a  needle,  or 
anuffing  a  csandle)  which  reciuire  its  guidance.     In   proportion  aa  the 
object  is  approximated  to  the  eyea,  slight  di^erencea  of  distance  produc 
marked  diflferencea  in  the  degree  of  conTcrgent^,  and  these  are  re&diljl 
appreciated  so  as  to  afford  the  m^jos  of  very  nice  diecriminatioii ;   whilst, 
on  the  other  hiind,  in  proportion  as  they  are  removed  ftu-ther  and  further, 
do  the  optic  axes  apjiroach  parallelism,  and  the  power  of  appreciating  J 
differences  of  distance  is  lost*     It  is  the  usual  opiuion  that  the  Tnuscularj 
Benaation  wliicli  accoinpaniea  the  inclination  of  the  optic  axes,  tmm^difitH^ 
suggests  the  notion  of  tiie  distance  of  an  object ;  and  tliat  our  appreciation  ' 
of  ita  ftze  depends  iipon  a  secondary  interprHaii&H  of  the  magnitude  of 
it»  picture  on  the  retina,  on  the  basis  of  this  notion.    But  it  wouUi  appear 
from  the  experiments  of  Prof  WheatatoneT  that  the  reverse  is  the  case ; 
the  sensation  of  convergence  assisting  in  tiie  first  instance  to  detcmnnoJ 
the  sIzCt  and  the  appreciation  of  distance  being  a  secondary  jtidgnieikt^ 
based  on  this  foundation  (§  SI 7). — Tlie  power  of  estimating  distance  fi*om 
the  foregoing  data^  however,  is  obvioualyj  in  Man,  not  an  intuitive  but 
an  acquired  endowment ;   for  it  is  evident  to  any  observer,  thiit  infautat 
or  older  persons  who  have  but  recently  actjuired  sight,  form  very  im- 
pedect  ideas  respecting  the  distance  of  objects ;  dieir  attempts  to  grfi 
bodies  which  attract  their  attention  being  for  a  long  time  uuauix^esaftil,  j 
thiit  they  only  gradually  learn  to  measure  distances  by  the  sight,  t^iro^gh 
the  medium  of  the  touch.     And  it  seems  to  follow  &om  this,  that  eTeet 
the  notion  of  *  projection,*  which  we  aeem  neoeaffiuily  to  form  when  looking 
at  a  Holid  object  within  a  moderate  distance,  or  at  a  properly-adjusted 
pair  of  Stereoscopic  pictures,  ia  not  derived  from  an  original  intuition,  but 
is  the  result  of  the  association  of  our  viaual  with  our  tactile  esperieiioe,j 
very  early  in  life,  so  as  to  constitute  a  *■  secondary  intuition*  on  which  i  " 
our  Bubsequent  appreciation  of  projection  is  based. 

615,  In  regard  to  ranote  objects,  our  judgment  of  Distance  is  chiefly^ 
founded  upon  their  ajiparent  size,  if  their  actual  size  be  known  to  us; 
but,  if  this  be  not  the  case,  and  if  we  are  so  situated  that  we  cannot  judge 
of  tlie  intervening  space,  we  principally  form  our  estimute  from  that  effect 
of  different  de^ees  of  remotenesa  upon  the  diatinctneaa  of  their  colour  and 
outline,  which  is  known  to  Artists  as  *  aerial  perspective/  Hence  thii 
estimate  La  liable  to  bo  greatly  affected  by  varying  states  of  tiie  atmoBph 
as  is  particularly  known  to  every  one  who  has  viaited  warmer  climates; 
where  the  extreme  cleamesa  of  the  air  sometimes  brings  into  apparently- 
near  proximity  a  hiO  tliat  rises  some  miles  beyond  a  neighbouring  ridgf 
(the  intervenmg  ipace  being  hidden,  bo  as  not  to  afford  any  datum  fm 
the  estimate  of  the  distance  of  tlie  remote  hill),  whilst  a  sUght  hajiine 
carries  its  apparent  distance  to  three  or  four  times  die  reality.  Addi-i 
tional  means  of  judging  of  the  distance  of  remote  objecta  pointed-out  bjp 
Aubert,*  are  found  in  their  parallax  or  apparent  change  of  plac^  on  tlw 
ftlttttt^n  of  our  own  position  with  regard  to  tiiem,  and  in  the  rate  of 

•  **  Fhjfliobgb  der  Net«haBt,"  1864,  p.  17- 
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CA^ 


in<»venietit,  both  absolute  and  relative^  of  the  objects  tlietnaelveaj  if  thoy 
hiipiHiti  to  bo  in  motion* 

610.  Otir  estimate  of  the  Si^e  of  a  ranoie  object  ia  |mrtly  dependent 
tip<3n  tlie  vmmi  anffk  under  which  we  see  it,  imd  j^inly  upon  oiir  cstiinnt43 
of  Im  distanceJ^  The  *  visual  angle,*  ibrnied  by  imuginitry  Knea  drawn 
from  tlie  eye  (Fig.  1^8,  a)  to  the  extreme  points,  ii,  c,  of  tbe  object,  is 

Fia.  13S; 


the  measure  of  the  dimension  of  Its  image  u{>oii  the  retina ;  ^nd  it  in 
obvious  that  J  if  tTvo  objects^  u  c,  D  K,  the  former  twice  the  length  of 
tlie  latter,  be  placed  at  the  game  distance,  the  visual  angle  bag  being 
twice  as  great  as  the  angle  D  A  Ei  the  image  of  b  c  nj^on  the  retina  will  be 
twice  aa  long  a^  timt  of  d  e,  and  the  mind  will  estimate  their  relative 
si/ea  accordingly.  But  iJ*  the  distance  of  the  object  d  k  Irom  the  eye  be 
diminished  to  one-hfilf,  so  that  it  is  brought  into  the  position  F  G,  its 
visual  anglci  and  consef|Uently  the  mze  of  its  image  on  the  retina,  will 
now  be  equal  to  that  of  a  c ;  and  the  estimate  we  form  of  the  relative 
eizas  of  the  two,  will  entirely  de|>end  upon  the  idea  we  entertain  of  their 
rela^ve  distances.  Hence  any  circumetivnce  which  modiiieit  that  idea, 
produces  a  correspouding  diJFercnce  in  our  e-stiniate  of  their  eize ;  so  that 
the  apparent  sijee  of  an  olvject^  seen  under  a  given  visual  angle,  may  be 
estimated  as  larger  or  smaller  tlian  the  reahty,  according  as  we  suppose 
it  to  be  more  or  leiia  distant  than  It  really  is.  Of  this  we  have  a  familiar 
instance  in  the  fiict,  that  if  we  meet  «  child  whilst  wo  are  walking  acroea 
a  common  in  a  \h^  (tJie  Hatness  of  the  ground  not  giving  us  much  power 

•  WBeo  objecrta  lire  so  retnote  that  we  bave  no  meaoa  of  fiTcn  nppnjxitiiat^lj  PHtimat- 
ing  th«ir  dhtancf,  wc  haw  uo  measure  whatever  of  their  wiz*.  Tlma,  the  t^nn  &tid  tho 
Mdou  ■^9  of  aoru'l/  tbe  iame  ftpparenl  ttise  to  ub,  though  one  is  HlKiui  fotir  hunilred 
limei  the  di<ti»iee  of  the  other  ;  ^ad  ire  moj  oover  either  Ji^  with  a  aixpenc^  held 
notrihi  erfTp  «d  lu  t?  b«  seeti  under  the  same  Tisoat  angle  \  bnt  we  do  tiot  posae^  the 
least  poir«r  tt  enicnntiiig  the  actaiit  «iaes  of  thess  ohjceta,  i«vfl  by  a  culottlutioD  tosed 
en  a  kaawledgo  of  liucir  relati?e  diatattces. 
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of  estiinatiiig  tli€  mtervenmg  spacie),  it  appears  to  have  tlie  stature  of  a 
man,  and  a  man  aeeois  like  a  giant ;  for  the  indiBtinetness  of  outline 
causes  ^e  mind  to  cooceive  of  the  figures  aa  at  a  greater  diataAoe  tLum 
they  really  are^  and  their  apparent  dimensions  are  augmented  is  like 
proportion.  For  if  the  object  F  o  (Fig,  138)  be  mentally  carried-haeJt  to 
the  diabmce  of  D  e,  being  still  se^i  under  the  viHuaJ  angle  r  A  a  (or  a  A  c), 
it  will  appeiir  to  possess  tlie  length  B  c  instead  of  D  E.  On  the  other 
hand,  if  the  object  B  C  were  to  be  mentally  bronght-foitvard  into  the 
position  K  Lf  its  apparent  eize  being  still  determined  by  its  visia^  ^uigle^ 
it  will  seem  to  be  reduced  to  the  length  F  o. 

617,  That  our  estimate  of  the  Size  of  near  objects,  howeTer,  depends 
upon  a  more  direct  process,  seems  to  be  a  necessary  inference  from  the 
following  very  ingenious  experiments,  made  by  Prof.  Wheatstone  with  a 
modification  of  his  Mirror- Stereoscope^  devised  for  separately  testing  the 
influence  of  the  two  conditions, — namely,  the  magnitude  of  the  retinal 
picture,  and  the  degree  of  convergence  of  the  optic  axes, — ^wbich  tarn 
ordinarily  in  action  together^  When  an  object  is  moved  nearer- to  or 
fcrther-firom  the  eye,  its  perceived  or  estimated  magnitude  undetgoes  no 
change*  But  W  two  pictures,  placed  in  the  mirror^stereosaope,  be  made 
to  move  to  and  from  the  mirrors,  in  such  a  manner  as  to  vary  their 
diitanced  &om  these  (and  therefore  &om  the  eyes),  without  altering  the 
angle  of  convergence,  their  perceived  magnitudes  are  augmented  mad 
reduced,  in  precise  proportion  to  the  increased  and  diminished  stzea  of  the 
retinal  pict^u-es.  Conversely,  if  the  two  pictures  be  made  so  to  change 
their  places  in  regard  to  the  mirrors  (by  moving  in  a  hori^sontal  circle^ 
of  which  the  middle -point  between  the  mirrora  is  the  centre),  that  the 
angle  of  convurffmc^  is  iucreaaed  or  diminislied,  as  it  would  be  ii^the  object 
were  brought  nearer  to  the  eyes  or  removed  fiirther  from  them,  ttie  per- 
eeived  magnitude  of  the  pictiires  ia  altered  in  an  inverse  manner ;  being 
reduced  when  the  angle  of  oontergence  is  increased,  and  increased  when 
the  inclination  of  the  optic  axes  is  lessened  so  as  to  approach  pai^leltsm. 
Thus  it  appears  that  the  absence  of  alteration  in  the  perceived  magnittide 
of  an  object  as  ordinarily  seen  at  varying  distances,  is  the  result  of  ihe 
inverse  action  of  these  two  kinds  of  suggestion ;  for  the  enlai||ein«iit  of 
the  retinal  picture,  when  acting  alone^  occasions  an  increase  in  the  per- 
ceived magnitude^  whilst  an  incTeafle  of  convergence,  taking-place  by 
itself,  diminishes  the  perceived  magnitude ;  and  thus,  as  these  aJlaratloM 
occur  simultaneously  when  an  object  is  approximated  to  the  ey%  its 
dimensions  seem  to  undergo  no  change ;  as  will  also  he  the  cose  when,  by 
the  removal  of  the  object  to  a  greater  distance,  these  oondittons  are  ngiiii 
made  to  vary  simultaneously,  though  in  a  contrary  direction.* — It  may 
further  be  remarked,  that  in  the  first  of  Uie  ^r^gomg  experiment*,  tho 
picture  whose  perceived  magnitude  is  undergoing  enlargement  or  dltni- 
nution  in.  consequence  of  tlie  alteration  of  its  retinal  magnitude,  e^ema 
evidently  to  be  approaching  or  receding ;  yet  if  we  fix  oiu^  attentioii  «o 
It  when  it  is  stationary^  at  any  instant^  it  appears  to  be  at  the  same  (ll»> 
tance  at  one  time  as  at  another, — the  effect  being  very  much  like  that  of 
the  Phantasmagoria^  in  which  the  alteration  in  the  size  of  the  inm^m  oq 
the  screen  suggests  the  notion  of  their  approach  or  recession,  although  w« 
are  quite  sensible  that  the  dletance  of  the  screen  from  our  eyes  rensmios 
constantly  the  same^     In  the  second  experiment^  on  the  other  hand,  the 
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picture  whose  perceived  magnitude  is  undergoing  diminution  or  enlarge- 
ment in  consequence  of  increase  or  lessening  of  Uie  angle  of  convergence, 
does  not  appear  either  to  approach  or  recede,  and  yet,  when  attentively 
r^arded  in  different  fixea  positions,  it  is  felt  to  be  at  different  distances. 
Hence,  as  Prof.  Wheatstone  observes,  convergence  of  the  optic  axes 
suggests  fixed  distance  to  the  mind,  whilst  variations  of  retinal  magnitude 
suggest  change  of  distance ;  and,  however  paradoxical  it  may  seem,  "  we 
may  perceive  an  object  approach  or  recede,  without  appearing  to  change 
its  distance,  and  an  object  to  be  at  a  different  distance  without  appearing 
to  approach  or  recede.*^* — A  like  alteration  in  apparent  size  is  produced, 
when  two  pairs  of  figures  (such'as  those  given  in  Fig.  137),  the  effect  of  one 
of  which  is  to  suggest  a  projecting j  and  that  of  the  other  a  receding  form, 
are  viewed  at  the  same  time  in  the  ordinary  Stereoscope.  For  it  will  be 
observed  that  the  relative  size  of  the  parts  which  appear  to  project  is 
reduced,  whilst  that  of  the  apparently-receding  parts  is  augmented ;  as  is 
particularly  the  case  with  the  square  truncated  end  of  the  pyramid,  which 
is  estimated  by  most  persons  as  from  one-third  to  one-half  larger  in  each 
of  its  dimensions  in  the  receding,  than  it  is  in  the  projecting  p3rramid, 
notwithstanding  that  the  actual  sizes  of  the  squares  in  the  two  sets  of 
figures  are  precisely  the  same.  For  supposing  h  i  (Fig.  1 38)  to  represent  the 
r^  side  of  one  of  the  small  squares,  which  becomes  the  truncated  end  of 
the  pyramid ;  when  this  is  brought-forward  by  the  mind  into  the  position 
K  L,  as  the  tnmcated  top  of  a  projecting  pyramid,  being  seen  imder  the 
visual  angle  h  a  i,  its  apparent  size  is  reduced  to  F  o ;  whilst,  on  the 
other  hand,  the  very  same  square,  carried-back  by  the  mind  to  the  dis- 
tance D  E,  as  when  it  forms  the  truncated  end  of  the  receding  pyramid, 
is  mentally  enlarged  to  the  dimensions  b  c,  the  visual  angle  bag  being 
the  same  as  h  a  i. 

618.  The  large  share  which  the  Mind  has  in  the  interpretation  of  even 
such  visual  impressions  as  seem  to  us  necessarily  to  induce  particular 
perceptions,  is  further  shown  by  a  very  remarkable  class  of  phenomena, 
termed  by  Prof  Wheatstone  (their  discoverer)  Conversions  of  Relief. 
The  simplest  example  of  this  class  is  presented  by  the  alteration  in  the 
visual  product  of  the  same  Stereoscopic  pictures,  when  their  positions  are 
transposed.  Thus  the  very  same  diagrams,  which,  as  placed  in  the  upper 
part  of  Fig.  137,  bring  before  the  mind's  eye  the  conception  of  a  pro- 
jecting pyramid,  when  changed  to  the  position  which  they  occupy  in  the 
lower  part  of  that  figure,  call-up  the  image  of  a  receding  pjrramid.  And 
a  corresponding  effect  is  produced  by  the  reversal  of  any  other  pair  of 
Stereoscopic  pictures ;  all  that  should  project  being  made  to  recede,  all 
that  should  recede  being  made  to  project,  provided  the  converse  htzs  any 
meaning  which  the  Mind  can  readily  appreciate. — But  the  same  effects 
may  be  produced,  if  the  objects  themselves  are  looked-at  by  an  instru- 
ment devised  by  Prof  Wheatstone,  and  termed  by  him  the  Pseudoscope ; 
the  optical  effect  of  which  is,  to  reverse  the  ordinary  visual  relations 
between  the  near  and  distant  parts  of  an  object;  the  two  conditions 
described  in  the  preceding  paragraph  being  combined  inversely,  so  that, 

.•  See  **  Philos.  Transact.,"  1852,  pp.  2-5.  The  Author  thinks  it  well  to  add,  that 
he  has  himself  verified  the  above  very  curious  results  ;  which  are  scarcely  less  valuable 
contributions  to  the  Fhysiolojry  of  Binocular  vision,  than  those  earlier  attained  by  the 
same  eminent  ezx>erimentali8t. 
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as  an  object  or  part  of  an  object  li  nearer  the  eye,  its  larger  picture  oo 
the  retina  is  accompanied  bj  a  diminished  convei^cnce  of  the  optic  axes. 
When  the  impresdon  of  a  seal  is  loolied-at  \FJth  this  instrument,  it  ib 
converted  into  the  representation  of  the  seal  itself;  or^  if  the  mtil  be 
Jooked-at^  it  presents  the  figure  raised  in  relief,  as  in  its  ordinary  im- 
pression.    So»  the  inside  of  a  cup  orbtisin  appears  as  a  solid  convex  body; 
whilst  the  outside  appears  depressed  and  concave.     A  bnst  regsirded  in 
front  becomes  n  deep  hollow  mask ;  whilst  the  interior  of  the  cast  of  a 
face  presents  the  appearance  of  the  face  in  its  ordinarj'  relief.     A  china 
vaae,  ornamented  with  coloured  flowers  in  reUel',  Beems  like  a  vertical 
section  of  the  interior  of  such  a  vase,  with  hoUow  impressions  of  tlie 
flowers.     The  base  of  n  brain  seems  concave,  like  the  interior  of  the  h&m 
of  the  skull  which  is  its  reflex ;  and  the  latter  sconia  convex  and  pro- 
jeetingy  liko  the  base  of  the  brain. — These  and  similar  appearances  Hiie 
not  alwaj^s  immediately  perceived  ;  and  some  present  themselves  innch 
more  readily  than  others.    Those  converse  forms  which  we  are  accustomed 
actually  to  see,  or  which  have  a  meaning  that  the  mind  can  easiJj  appre-j 
hend,  are  thoge  which  are  most  readily  perceived.     Thus,  the  ilhisioql 
which  may  be  protluced  with  a  bust  or  with  the  ca«t  of  a  lace,  is  not 
obtainable  even  by   a   lengthened   pseudoscopic   contemplation    o^  ibe 
rtal   face,  which    we  cannot  conceive-of  as  thus  *  turned   insirle-out/ 
Another  very  interesting  fact  is,  that  those  to  whom  tlie  illusion  does 
not  at  first  present  itself,  visually  find  it  sndthnly  come  upon  tliem  afler. 
a  little  time,  especially  if  they  sliould  have  directed  their  minds  to  iht* 
imaginary   conception  of  tl^e  object   under    its  changed    aspect.     And, 
further,  when  the  conversion  has  taken  place,  the  natural  aspect  of  tbo 
object  continues  to  intrude  itself,  sometimes  suddenly,  sometimes  gradufillyi  i 
and  for  a  longer  or  shorter  interval,  when  the  converse  will  again  aiiccot*d  ^ 
it.     This  is  due  to  the  invobmUtry  alteruatbn  of  the  attention,  between 
the  conception  suggested  to  the  mind  by  the  visual  impreasions  derived 
ikim  both  eyes,  and  that  which  is   derived   from   either  eye  singly; 
the  latter,  moreover,  harmonizing-witli  and  being  strengthened -by  oiii* 
recollection  of  tlie  object  as  we  have  seen  it  bdbre,  or  (if  it  be  new  to  us) 
by  our  notion  oi'  its  natural  appearance. 

ClO,  The  ptviisfencej  during  a   certain  interval,  of  impresmGns  mmh 
upon   the  tvtina^  gives-riae  to  a  number  of  curious  visual  phenomemi, 
which  can  be  here  only  briefly  adverted- to.     The  prolongation  of  thfll 
impression  will  be  governed,  in  part,  by  its  previous  duration :   thti^  ] 
wlien  we  rapidly  move  an  ignited  point  through  a  circle^  the  impresaion  J 
itself  is  momentary,  and  remains  but  for  a  short  period ;  whikt,  jf  wo 
have  been  for  some  time  looking  at  a  window,  and  then  close  our  <?yea,  f 
the  impression  of  the  dark  bars  traversing  tlie  illuminated  space  i^  pre- 
aerved  for  several  seconds.     One  of  the  results  of  this  j^ersistence  is  lli© 
combination,  into  a  single  image,  of  two  or  more  objects  presented  to 
the  eye  in  successive  movements ;  but  these  must  be  of  a  kind  which 
can  be  imited,  otherwifte  a  confused  picture  is  produced.     Thus  in  a  I 
little  toy,  called  the  Thaiuuatrojie,  which  waa  in  trod  t  iced  some  yearn- 1 
ago,  the  two  objects  were  painted  on  the  opjxjsite  sides  of  a  card,^ — a 
bird,  for  instance,  on  one,  and  a  cage  on  Uie  other ;  and,  when  tlie  card 
was  made  (by  twisting  a  pair  of  strings)  to  revolve  about  one  of  iiA 
diameters,  in  such  a  manner  as  to  be  alternately  presenting  tlie  two  sid«« 
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to  the  eye  at  minute  intervals,  the  two  pictures  were  blended,  the  bird 
being  seen  in  the  cage.  A  &r  more  curious  illusion,  however,  was  that 
first  brought  into  notice  by  Prof.  Faraday;  who  showed  that,  if  two 
toothed  wheels,  placed  one  behind  the  other,  be  made  to  revolve  with 
equal  velocity,  a  stationary  spectrum  will  be  seen;  whilst  if  one  be  made 
to  revolve  more  rapidly  than  the  other,  or  the  number  of  teeth  be  dif- 
ferent, the  spectrum  also  will  revolve.  The  same  takes-place  when  a 
single  wheel  is  made  to  revolve  before  a  mirror,  the  wheel  and  its  image 
answering  the  purpose  of  the  two  wheels  in  the  former  case.  On  this 
principle,  a  number  of  very  ingenious  toys  have  been  constructed ;  in 
some  of  these,  the  same  figure  or  object  is  seen  in  a  variety  of  positions ; 
and  the  successive  impressions,  passing  rapidly  before  the  eye,  give-rise 
by  their  combination  to  the  idea  that  die  object  is  itself  moving  through 
these  positions.* — ^It  is  interesting  to  remark,  moreover,  that  when  t£e 
eye  has  been  for  some  time  contemplating  an  object  in  motion,  and  is 
then  directed  towards  stationary  objects,  these  appear  for  a  short  time  to 
have  a  like  movement.  Any  rail-road  traveller  may  try  this  simple 
experiment,  by  first  looking  at  the  hedges,  (&c.  which  he  is  rapidly 
passing,  and  then  at  some  part  of  the  interior  of  the  carriage  itself,  espe- 
cially one  which  presents  a  series  of  parallel  lines.  But  when  the  im- 
pression of  ihovement  has  been  of  longer  duration,  its  effects  are  less 
transient ;  thus,  a  person  who  has  been  for  some  time  on  board  ship,  sees 
the  fioors,  walls,  and  ceilings  of  his  apartments  on  shore  in  a  state  of  con- 
tinual up-and-down  motion,  even  for  some  days  after  he  has  landed.  This 
would  seem  to  be  rather  a  sensorial  than  a  retinal  phenomenon. 

620.  When  the  Retina  has  been  exposed  for  some  time  to  a  strong 
impression  of  some  particular  kind,  it  seems  less  susceptible  of  feebler 
impressions  of  the  same  kind.  Thus,  if  we  look  at  any  brightly 
luminous  object,  and  then  turn  our  eyes  on  a  sheet  of  white  paper,  we 
shall  perceive  a  dark  spot  upon  it ;  the  portion  of  the  retina  which  had 
been  affected  by  the  bright  image,  not  being  able  to  receive  an  impression 
from  the  fainter  rays  reflected  by  the  paper.  The  dark  spectrum  does 
not  at  once  disappear,  but  assumes  different  colours  in  succession, — ^these 
being  expressions  of  the  states  through  which  the  retina  is  passing,  in  its 
transition  to  the  natural  condition.  If  the  eye  has  received  a  strong 
impression  fi-om  a  coloured  object,  the  spectrum  exhibits  the  complemen- 
tary colour;!  thus,  if  the  eye  be  fixed  for  any  length  of  time  upon  a 
bright  red  spot  on  a  white  ground,  and  be  then  suddenly  turned  so  as  to 

*  A  T6ry  beaatifol  '  philosophical  toy*  was  shown  to  the  Author  some  years  since,  by 
its  inyentor,  Mr.  Boberts,  the  celebrated  machinist  of  Manchester ;  consisting  in  an  appa- 
ratus by  which  it  was  made  possible  to  read  words  printed  on  a  card,  although  the  card 
itself  was  made  to  revolve  on  its  axis  even  40,000  times  in  a  minnte.  The  principle  of 
its  oonstniction  was  simply  this, — that  the  eye  caaght  a  succession  of  glimpses  of  the 
card,  through  a  narrow  slit  before  which  a  disk  with  a  single  corresponding  perforation 
was  made  to  revolve  ;  the  rate  of  movement  of  this  disk  being  so  adjusted  to  that  of  the 
card,  that  whenever  the  eye  caught  sight  of  the  latter,  it  was  momentarily  in  the  same 
position,  so  that,  by  the  succession  of  transient  impressions  thus  made  upon  the  retina, 
the  words  printed  on  the  card  could  be  distinctly  read. 

f  By  the  *  complementary*  colour  is  meant  that  which  would  be  required  to  make 
white  or  colourless  light,  when  mixed  with  the  original :  thus  red  is  the  oomplement 
of  green  (which  may  be  made  by  mixing  yellow  and  blue) ;  blue  is  the  complement  of 
orange  (red  and  yellow) ;  and  yellow  of  purple  (red  and  blue) ;  and  vice  vend  in  all 
instances. 
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real  upon  the  white  surface,  we  see  a  spectrum  of  a  green  colour.— The 
eame  exptanation  applies  to  the  curioiia  phenomenon  of 'coloured  shadows.* 
It  may  not  un frequently  be  observed  at  sunset,  diat,  when  the  light  of 
the  Bu«  acquires  a  bright  orange  colour  from  die  clouda  through  wJiich 
it  liasBea,  ^li^  ehadowB  cusi  by  it  have  a  blue  tint.  A^in,  in  a  room  witli 
r^  curtains,  the  hght  which  passes  Uirough  tlieae  produces  green  shadows. 
In  both  instanceSj  a  strong  impression  of  one  colour  h  made  on  the 
general  surface  of  tlie  retina ;  and  at  any  particular  spotSj  therefore^  at 
which  the  light  is  colourleaa  but  very  faint,  that  goIdut  is  not  }>erceived, 
ite  complement  only  being  visible.  Tlie  correctness  of  tJiis  expLanatioii 
ijs  proved  by  the  fact,  that,  if  the  shadow  be  view*ed  through  a  tube,  in 
such  a  manner  that  the  coloured  ground  is  excluded,  it  seen^  like  an 
ordinary  shadow.  It  ia  not  unhkely  that^  aa  MUlier  auggeste,  the  pre- 
dominant action  of  one  colour  on  the  retina  disturbs  (as  it  were)  tho 
equilibrium  of  its  condition,  and  excites  in  it  a  tendency  to  the  derrelop- 
ment  of  a  atate  corresponding  to  that  which  is  produced  by  the  impnesaion 
of  the  complementary  colour;  for  the  latter  is  perceived,  as  lie  remarks, 
even  where  it  doea  not  exist ;  as  when  tlie  eye,  after  receiYiog  a  strong 
impreasion  from  a  coloured  spot,  and  being  directed  upon  a  oompletdjr 
dark  aurfiice  or  into  a  dark  cavity,  still  perceives  tlje  spectrum,  ~~  ' 
change^  indeed,  extends  beyond  the  spot  on  which  the  impression  is  i 
(5  622);  for,  as  ie  well  known  to  Artiata,  the  sensory  impression  jiro- 
duced  by  any  colour  is  greatly  affected  by  neighbouring  hues.  Thus*  if 
four  strips  of  coloured  paper,  or  any  other  fabric,  a,  B,  C,  d, — two  of 
them^  A,  B^  of  one  colour  {e.g,  red),  and  the  other  two,  c,  »,  of  some  i 
ferent  colour  {e.</.  blue), — he  laid  side-by-aide  at  interi^als  of  about 
an  inch,  the  hues  of  the  two  central  strips  B,  c.  will  he  decidedly  modMe 
by  each  other's  proxinjitj,  each  approximating  to  the  hue  of  the 
plementary  colour  of  the  other ;   so  that  instead  of 
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$21.  Upon  the  properties  of  the  Eye  in  regard  to  Colour,  are  ^mnded 
the  laws  of  harmonious  colouring,  which  have  an  obvious  analogy  with 
those  of  muflical  harmony.  All  complementary  colours  have  an  agre^F ' 
eHeet  when  judicionaly  disposed  in  combination  ;  and  all  bright  eolou 
which  are  not  complementary,  have  a  disagreeable  effect,  if  thej  are  _ 
dominant :  this  is  especially  the  case  in  regard  to  the  simple  oolov 
strong  combinations  of  any  two  of  which,  without  any  colour  that  is  con 
plementary  to  either  of  them,  are  extremely  offensive*  Painters  who 
ignorant  of  these  laws^  introduce  a  large  quantity  of  dull  grey  into  their 
pictures,  in  order  to  diminish  tlie  glaring  effects  which  they  would 
otherwise  produce^  but  this  benefit  is  obtained  by  a  sacrifice  of  the  viWd- 
neaa  and  force*  which  may  be  secured  in  combination  with  die  richest 
harmony,  by   a  proper  attention   to  physiological  principles,* — Some 


*  Tbb  Aubjeol  bu  beea  most  oirefttUf  and  eUlxsffttely  iovestigftted  bj  M,  Ok^vr^nt ; 
wbou  roeeat  TreatiaB  oti  Colours  bu  aim  oat  exbaait«d  the  inqmrj  iato  tbe  uod«  in 
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persons  whose  visual  powers  are  excellent  in  every  other  respect,  are  more 
or  less  deficient  in  the  power  of  discriminating  colours.  This  defect  (which 
is  now  commonly  known  as  '  Daltonism/  from  the  name  of  the  dis- 
tinguished philosopher  who  was  himself  the  subject  of  it)  may  be  so  com- 
plete, that  nothing  can  be  perceived  save  different  degrees  of  light  and 
shadow ;  more  commonly,  however,  it  exists  only  with  regard  to  par- 
ticular colours,  especially  such  as  have  a  complementary  relation  to  one 
another,  so  that  persons  thus  affected  are  unable  (e,g.)  to  distinguish  ripe 
cherries  among  the  leaves  of  the  tree,  save  by  their  form ;  whilst  in  some 
individuals  it  does  no  more  than  confuse  colours  that  are  nearly  related, 
such  as  green  and  blue,  especially  when  they  are  seen  by  artificial  light. 
Whether  its  seat  be  in  the  nervous  apparatus  of  the  Eye,  or  in  the  Sen- 
sorium,  cannot  be  positively  determined ;  but  the  latter  seems  the  most 
probable  supposition.* 

622.  The  impressions  made  by  Imninous  objects  upon  the  Retina  are 
not  precisely  confined  to  the  spots  upon  which  their  rays  impinge,  but 
extend  themselves  to  a  greater  or  less  distance  around;  which  phe- 
nomenon has  been  termed  irradiation.  Thus  if  we  make  a  circular  white 
spot  upon  a  black  ground,  and  a  black  spot  of  precisely  the  same  dimen- 
sions upon  a  white  groxmd,  the  former  will  seem  to  be  considerably 
larger  than  the  latter ;  apparently  because  the  excitation  of  the  retina  by 
the  luminous  impression  tends  to  spread  itself  in  each  case  over  the 
adjacent  non-excited  space.  Hence  it  is  that  we  are  able  to  distinguish 
any  smaU  magnitudes,  such  as  letters  or  the  lines  of  a  diagram,  at  a  much 
greater  distance  when  they  are  marked  in  white  on  a  black  ground,  than 
when  inscribed  in  black  upon  a  white  ground.  Another  curious  case  of 
the  same  kind  has  been  noticed  by  Sir  D.  Brewster.f  "  If  we  shut  one 
eye,  and  direct  the  other  to  any  fixed  point,  such  as  the  head  of  a  pin,  we 
^all  see  indistinctly  all  other  objects  within  the  sphere  of  vision.  Let 
one  of  these  objects  thus  indistinctly  seen,  be  a  strip  of  white  paper  or  a 
pen  lying  on  a  green  cloth.  Then,  afler  a  short  time,  the  strip  of  paper, 
or  the  pen,  will  disappear  altogether,  as  if  it  were  entirely  removed  ;  the 
impression  of  the  green  cloth  upon  the  surrounding  parts  of  the  retina, 
extending  over  that  part  of  it  which  the  image  of  the  pen  occupied.  In 
a  short  time  the  vanished  image  will  re-appear,  and  again  vanish ;  when 
both  eyes  are  open,  the  very  same  effect  takes  place,  but  not  so  readily 
as  with  one  eye.  If  the  object  seen  indistinctly  is  a  black  stripe  on  a 
white  groxmd,  it  will  vanish  in  a  similar  manner.  When  the  object  seen 
obliquely  is  luminous,  such  as  a  candle,  it  will  never  vanish  entirely, 
tmless  its  light  is  much  weakened  by  being  placed  at  a  great  distance ; 
but  it  swells  and  contracts,  and  is  encircled  by  a  nebulous  halo." 

623.  The  power  of  receiving  and  transmitting  visual  impressions  is  by 
no  means  uniformly  difiused  over  the  entire  Retina.     In  the  whole  field 

which  the  Yisual  sense  of  Man  is  affected  by  them.  For  a  general  yiew  of  the  nature 
and  attributes  of  Light,  see  Art.  '  Light/  by  Sir  J.  Herschel,  in  the  last  edition  of  the 
"  Encyclopeedia  Metropolitana." 

*  See  especially  the  Memoir  of  Prof.  Seebeck,  in  "  Poggendorff 's  Annalen,"  band  xlit 
(1837);  that  of  Prof.  Wartmann  in  *<  Taylor's  Scientific  Memoirs,"  toI.  iy.  p.  156 ; 
Mr.  Pole*8  case  recorded  in  the  **  Proceedings  of  the  Royal  Society,"  1856-67,  yol.  yiii. 
p.  172,  and  the  interesting  commentary  upon  it  by  Sir  J.  Herschel,  in  idem,  yoL  x. 
p.  72. 

t  *  Treatise  on  Optics/  in  Lardner*s  "  Cyclopedia/*  p.  296. 
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of  ymon  wliich  at  bmj  time  lies  before  tis,  we  only  aee  witb  perfect  dk-? 
tincitiess  that  i;>art  to  which  tlie  axes  of  our  eyes  are  diredodf  and  of  whicb 
the  imagef  ^erefbrcT  is  formed  upon  the  *  jellow  spot'  (§  606).  Nev^^ 
thakBti  we  have  a  suihcieutly  distinct  perception  of  the  remumder  of  the 
fitjld,  to  enable  ub  to  judge  of  the  rebtions  of  the  objects  which  are  dis- 
tin^tly  seen  to  those  which  siu-round  them ;  and  the  mobility  of  our  eyea 
eimblea  im^  under  the  guidance  of  our  vkual  aeoae  (§  529),  to  direct  the 
most  aciiflitivu  sjiot  of  the  retina  to  every  part  of  the  field  in  sucoesaioa, 
not  only  without  effort,  but  even  ahnoat  without  the  oonseioumieea  that 
we  are  doing  so. — trenerally  speaking,  the  indistinctnefis  of  vision  for 
objectia  Been  out  of  the  axis  of  the  eye,  mcreaf^es  witli  the  distance  of  their 
imagea  from  the  central  point ;  or,  in  other  words,  the  impresaibility  of 
the  several  parts  of  the  retina  diminlahes,  according  to  their  distance  from 
the  *  yellow  spot/  For  a  small  sjmce  around  it*  however,  the  riaion  is 
tolerably  accurate,  and  the  extent  of  thia  circle  of  clear  '  indirect  vision/ 
aa  it  is  termed,  varies  in  different  people ;  Volkmann,  for  instance,  can 
read  an  entire  word  by  tlie  light  of  a  single  electrical  sparky  and  must 
thcrelbre  have  instantaneously  a  direct  and  perfect  perception  of  every 
fwirt  of  it,  whilst  by  others  only  a  letter  or  two  can  be  distinguished.  It 
appears  a! bo  from  the  experiments  of  Aubert  and  Forster,*  and  of  Hey- 
mantiyf  that  when  the  Eye  ia  accommodated  for  near  objects,  the  llntits 
of  clejir  lateral  perception  are  increased,  or  at  leaiHt  that  tlie  perceptibility 
of  that  circle  is  intensified ;  so  that  of  two  objects  which  throw  images  of 
equal  size  on  the  Ketina,  the  smaller  and  more  approximated  one  ia  dis- 
tinctly perceived  at  a  greater  distance  from  tlie  yellow  spot  than  the 
larger  and  more  distant  object.  But  there  is  on©  part  of  the  retinal 
surface,  namely,  the  seat  of  entrance  of  the  Optic  Nerve,  which  is  remai^- 
able  for  its  imperfect  receptivity ;  as  is  shown  by  tlie  following  experi- 
ment. Let  two  black  spots  be  made  upon  a  piece  of  paper,  about  four  or 
Ave  inches  apart ;  tlien  let  the  left  eye  be  closed,  and  the  right  eye  be 
strongly  Hxed  iifion  tlie  left-hand  spot ;  if  the  piipet  be  then  moved  hwck^ 
wsj-ds  and  forwards,  so  as  to  change  ita  distance  ftom  the  eye,  a  point  wUI 
be  found  at  which  the  right-hand  spot  is  no  longer  visible,  though  it  ia 
clearly  seen  when  the  paper  ia  brought  nearer  or  removed  further.  In 
this  position  of  the  eye  and  the  object,  the  rays  from  the  right-hand  spot 
croes  to  the  naeal  side  of  the  globe,  and  iall  upon  the  point  of  tlie  retina 
which  has  just  been  mentioned.  If  the  same  experiment  be  tried  with 
candles,  the  image  will  not  entirely  disappear,  but  will  become  a  cloudy 
maas  of  light.  It  is  not  correct  to  say,  as  is  sometimes  done,  that  the 
retina  is  not  impreaaiblo  by  light  at  this  point ;  since,  if  such  were  the 
caae,  we  should  see  a  dark  spot  iu  our  iield  of  view  whenever  we  u^e  only 
one  eye,  which  is  not  the  case.  The  fact  seems  rather  to  be,  that  this 
portion  of  tlie  retina  is  very  inferior  to  the  surrounding  part^  in  its 
receptivity  for  luminous  impreaeions ;  whilst,  on  the  other  hand,  there  ia 
an  unusual  tendency  to  the  extension  of  ihttr  condition  to  it  by  '  irradia- 
tion' (§  022);  BO  that,  in  the  experiment  just  described,  if  the  hht^ 
spots  be  made  upon  a  coloured  ground,  thia  colour  will  take  the  place  of 
the  spot  which  disappears, 

624,  The  impres^sion  made  by  raya  of  light  upon  the  Retina  may  be 

•  *"  Arch  IT  f,  Ophtbiiliiiol/'  band  lil  p.  1* 

t ''  Acta  Acadflm.  C.L.  C.Q.  Katarw  CurioBorum,**  0r«aaeo,  1861. 
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to  a  certain  extent  imitated  by  other  physical  agencies  (§  582),  which 
thus  give  rise  to  various  subjective  visual  phenomena.  Advantage  has 
recently  been  taken  by  Dr.  Serre,*  of  the  power  of  mechanical  pressure 
to  produce  luminous  spectra,  for  the  investigation  of  the  *  law  of  visual 
direction*  (§  610) ;  and  the  results  which  he  has  obtained  are  of  very 
great  interest.  When  any  part  of  the  globe  of  the  eye  is  compressed  (the 
experimenter  being  in  a  completely-darkened  room),  a  luminous  figure  is 
seen  to  be  projected  in  the  direction  opposite  to  the  spot  pressed-upon. 
Its  form  varies  according  to  that  of  the  compressing  body,  and  to  the 
degree  in  which  the  retina  is  affected  by  it.  Thus  if  the  pressure  be 
made  by  the  point  of  the  finger,  or  by  any  other  circular  surface,  upon  a 
part  of  the  globe  over  the  interior  of  which  the  retina  is  continuous,  the 
spectrum,  or  phosphene  (as  it  is  termed  by  Dr.  Serre),  is  also  circular ;  if 
the  compressing  body,  on  the  other  hand,  be  square  at  its  extremity,  the 
*  phosphene'  is  also  square ;  and  if  it  be  triangular,  the  *  phosphene'  is 
triangular  too.  But  iSf  the  pressure  be  made  near  the  anterior  edge  of  the 
retina  (which  is  what  most  commonly  happens,  imless  the  most  fevour- 
able  situation  be  designedly  chosen),  the  figure  of  the  '  phosphene'  is 
incomplete ;  and  the  degree  of  its  deficiency  corresponds  widi  the  propor- 
tion of  the  area  of  compression  that  does  not  lie-over  the  retinal  expan- 
sion. Hence  there  can  be  no  hesitation  in  regarding  the  production  of 
this  spectrum  as  the  immediate  result  of  the  affection  of  the  sensorium  by 
the  pressure  on  the  retina ;  and  as  it  seems  to  our  perceptive  conscious- 
ness to  have  a  distinct  objective  existence,  and  as  its  position  bears  a 
constant  and  definite  relation  to  that  of  the  portion  of  the  retina  on  which 
the  impression  is  made,  it  seems  obvious  that  any  such  affection  of  the 
retina  not  only  immediately  suggests  to  our  minds  the  notion  of  an  external 
objective  cause  of  the  impression,  but  also  indicates  to  our  consciousness 
the  direction  of  the  object. — But  further,  besides  the  principal  *  phos- 
phene,' another,  of  smaller  dimensions,  is  usually  to  be  seen,  in  a  direc- 
tion nearly  the  same  as  that  on  which  the  pressure  is  made ;  this  is 
the  result  of  the  transmission  of  the  pressure  to  the  opposite  side  of  the 
globe,  by  an  alteration  of  its  figure  and  of  the  position  of  its  contents, 
which  corresponds  to  the  firacture  of  the  skull  by  contre-coup.  The  form  of 
this  smaller  or  secondary  *■  phosphene'  is  not  affected  by  the  cause  which 
sometimes  renders  the  larger  or  primary  spectrum  incomplete ;  since,  as 
we  cannot  anywhere  apply  pressure  to  the  living  Human  eye,  save  on  some 
part  of  its  anterior  hemisphere,  the  *  contre-coup'  will  always  take-place 
at  the  opposite  spot  in  the  posterior  hemisphere,  over  which  the  retina  is 
continuous,  save  at  the  entrance  of  the  optic  nerve.  By  an  extensive 
series  of  observations  upon  the  relation  of  the  positions  of  the  primary 
and  secondary  *  phosph^nes,'  both  to  each  other  and  to  the  seat  of  com- 
pression. Dr.  Serre  has  deduced  the  important  conclusion,  that  the  lines 
joining  the  imaginary  spectra  and  the  spots  of  the  retina  from  whose 
affection  they  respectively  proceed,  pass  through  a  common  *  centre  of 
direction,'  whose  position  is  in  the  middle  of  the  crystalline  lens.  And 
hence  it  seems  to  be  a  legitimate  conclusion,  that  our  sense  of  the  relative 
directions  of  external  objects  is  derived  from  a  kind  of  mental  projection 
of  each  point  of  the  retinal  image,  in  the  line  which  joins  it  to  this  'centre 
of  direction.' 

*  See  hifl  <*  Ewai  sor  les  Phosphdnes/*  PariB,  1853. 
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625,  Another  very  curiouE  mhjective  pheooBienoQ  of  Vimon,   Is  the 

repreaentatton  whicb,  under  particular  clrcumstamces,  we  may  mentaUj 
obtain  of  tke  retina  itself;  as  in  the  following  experiment,  fiist  deTiaed 
by  Purkitije,  find  known  by  his  name.  **  If  in  a  room  otherwise  dark^  m 
lighted  tamdle  be  moved  to  and  fro,  or  in  a  circle,  at  a  distance  of  mx 
inch^  before  the  eyes,  we  perccivej  after  a  short  time,  a  dark  arborescent 
figure  ramifying  over  the  whole  field  of  vision ;  this  appearance  is  pro- 
duced by  the  vaaa  centralia  distributed  over  die  retina,  or  by  the  parts 
oi*  the  retina  coTered  by  those  vessels,  Tlxere  are,  properly  upeaking^  two 
arbor escent  figures,  tlie  trunks  of  which  ore  not  coincident,  but  on  the 
contrary  arise  in  the  right  and  left  divisions  of  the  field,  and  immedlatelj 
take  opposite  directions.  One  trunk  belongs  to  each  eye,  but  their 
branches  intersect  each  other  in  the  common  field  of  vision.  The  expla- 
nation of  this  phenomenon  is  as  follows : — Bj  the  movement  of  the  candle 
to  and  fro,  the  light  is  made  to  act  on  the  whole  extent  of  the  re^na,  and 
all  the  parts  of  the  membrane  which  are  not  immediately  covered  by  the 
vasa  centralia  are  feebly  illuminated  j  those  j^arts,  on  the  contrary,  which 
are  covered  with  those  vessels,  cannot  be  acted*on  by  the  light,  and  are 
perceived,  therefore,  as  dark  arborescent  figurea,  Tliese  figures  appear 
to  lie  before  the  eye,  and  to  be  suspended  in  the  field  of  vision  ;"•  and  aa 
the  vessels  appear  magnified,  and  display  a  remarkable  paraUactic  gliding 
movement  over  the  visual  field,  data  are  afforded  by  which  H,  Mdll^  has 
calculated  that  the  true  percipient  surface  of  the  retina  must  be  situ^Oed 
at  a  certain  disUince  fix>m  tlie  vessels,  corresponding  iu  tact  with  the 
bficillar  kyer.f  We  have  Uius  another  demonstration  of  the  £ict,  that, 
ill  ordinary  Vision,  the  immediate  object  of  our  sensation  is  a  oertaia 
condition  of  the  retina,  which  is  excited  by  the  formation  of  a  lumincfiaa 
image, 

^2&,  The  Visual  power  is  susceptible  of  extrajordinaiy  improvemeDt, 
through  the  liabitual  direction  of  our  aiieniion  to  the  effects  produced 
upon  our  consciousness  by  the  impressions  transmitted  to  the  Senaorium 
ii-om  the  Eye  \  and  this  improvement  may  take  place,  eitlier  in  rt^nrd  to  the 
quickness  and  readiness  with  which  objects  generally  are  per^ived,  or  la 
ihe  faculty  of  discriminating  the  slightest  difiereaoes  in  form,  ghad%  j 
colour,  &c,,  or  of  discerning  bodies  of  extreme  minuteness.  In  regard  l^^l 
all  these  points  it  may  be  noticed  that  the  habit  of  attention  to  any  pfl^^| 
ticular  class  of  objects,  sharpens  the  discriminatiug  power  for  that  claA 
alone ;  and  that  it  is  usually  rather  the  mental  than  the  corporeal  vf^icai 
which  undergoes  improvement.  Thua  the  Seaman  who  makes-out  thft 
*  loom  of  the  land,^  where  the  landaman  can  discern  nothing  but  an  indefinil0 
haze  above  the  horizon^  or  who  c;m  distinguish  the  size,  rig,  and  oottrse 
of  a  vessel,  which  the  landsman  can  but  just  see  as  a  formless  ^p^k,  doa 
so  in  virtue  of  the  aptitude  of  his  mind  for  receiving  suggestiona  from 
minute  indications  such  as  pass  unnoticed  by  tliose  who  have  not  been 
accustomed  to  fomi  their  ideas  upon  the  same  kind  of  expeiienc^sB.  Aiwl 
the  Microscopiat,  who  is  constantly  on  the  outlook  for  the  various  JbrEUt 

•  Miiller's  »*ElemealH  of  Physiology"  (Baly's  Tr&ofilitiaD),  p,  1163. 

+  For  the  ^KpIiioiitLOti  {)f  y&riQua  oiher  eatoptical  pheaomenfti  am  Jajnes  J^go,  B,  A.  k 
**  Froce^dLDgs  olf  the  KoyAl  Socletj,"  voU  viiL  p.  603.  Ha  obBarres  thai  the  long  bc^mA 
of  light  which  issue  frota  fi^mea  »gMded  with  '  wiakifig  ejoa'  proceed  h^m  little  b^^  «f 
flaid  iJong  the  majgioa  q£  tho  Udft. 
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of  organic  structure  with  which  his  mind  is  familiar,  discerns  these  with- 
out difficulty  or  hesitation,  where  an  ordinary  observer  sees  nothing  but 
a  confused  jumble  of  tissue.  Extremely  slight  variations  in  the  relative 
illumination  of  two  objects  can  readily  be  discerned.  According  to  Arago* 
the  difference  can  be  perceived  when  it  amoimts  to  no  more  than  about 
l-64th,  according  to  Volkmann  when  it  is  from  l-60th  to  1-lOOth,  to 
Steinheil  l-SSth,  and  to  Masson  l-120th.  Aubertf  has  shown  that  these 
variations  in  the  results  obtained  by  different  observers  are  probably  due 
to  their  having  employed  different  amoimts  of  illumination ;  since  the  per- 
ception of  slight  variations  is  much  greater,  within  certain  limits,  with 
bright  than  with  feeble  illuminating  powers. — It  is  interesting  to  observe 
that  the  power  of  descrying  objects  at  vast  distances  appears  to  be  here- 
ditarily possessed  by  two  races  of  men,  the  Mongols  of  Northern  Asia, 
and  the  Hottentots  of  Southern  Afirica,  both  of  which  habitually  dwell  on 
vast  plains  that  seem  to  stretch  without  limit  in  every  direction.  It 
seems  probable  that  this  power  was  in  the  first  instance  acquired  by 
habit  in  each  case ;  and  that,  as  frequently  happens  with  acquired  pe- 
culiarities which  are  kept-up  by  constant  use  in  successive  generations,^ 
it  has  become  fixedly  hereditary. 

6.  Sense  of  Hearing, 

627.  In  the  Ear,  as  in  the  Eye,  the  impressions  made  upon  the  sensory 
nerve  are  not  at  once  produced  by  the  body  which  originates  the  sensa- 
tion ;  but  they  are  propagated  to  it,  through  a  medium  capable  of  trans- 
mitting them.  We  obviously  take  cognizance  by  the  mind,  therefore,  not 
of  the  sonorous  object,  but  of  the  condition  of  the  auditory  nerve ;  and 
all  the  ideas  we  form  of  sounds,  as  to  their  nature,  intensity,  direction, 
&c.,  must  be  based  upon  the  changes  which  they  produce  in  it.  The 
complex  contrivances  which  we  meet- with  in  the  organ  of  Hearing  among 
higher  animals,  are  evidently  intended  to  give  them  greater  power  of 
discriminating  soimds  than  is  possessed  by  the  lower  tribes ;  in  which 
last  it  is  reduced  to  a  form  so  simple  that  it  may  be  questioned  whether 
they  can  be  said  to  possess  an  organ  of  hearing^  if  by  this  term  we  imply 
anything  more  than  the  mere  consciousness  of  sonorous  vibrations. — There 
is  a  considerable  difference,  however,  between  the  Eye  and  the  Ear,  in 
r^ard  to  the  special  purposes  for  which  they  are  respectively  adapted. 
In  the  former  we  have  seen  that  the  whole  object  of  the  instrument  is  to 
direct  the  rays  of  light  received  by  it,  in  such  a  manner  as  to  occasion 
them  to  fell  upon  the  expansion  of  the  optic  nerve  in  similar  relative 
positions,  and  with  corresponding  proportional  intensities,  to  those  which 
they  possessed  when  issuing  from  the  object.  We  have  no  reason  to 
believe  anything  of  this  kind  to  be  the  piu'pose  of  the  Ear;  indeed  it  would 
be  inconsistent  with  the  laws  of  the  propagation  of  soimd.  Sonorous 
vibrations  having  the  most  various  directions,  and  the  most  uneqiial  rates 
of  succession,  are  transmitted  by  all  media  without  modification,  however 
numerous  their  lines  of  intersection ;  and  wherever  these  undulations  fell 

•  "  ABtPonomie,"  vol.  i.  p.  194. 

t  "Fhysiologie  der  Notxhaat,"  1864. 

i  See  *•  Prino.  of  Comp.  Physiol.,**  §  620. 
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upon  tlie  auditory  nerve,  they  must  cause  the  s^ngatioa  of  corresponding 
Bounds.  Still  it  is  probable  that  some  portions  of  the  complex  organ  of 
hearing,  in  Man  and  in  the  higher  animals,  are  more  adapted  tlaan  others 
to  receive  impressions  of  a  particular  character ;  and  that  thus  we  may 
be  especially  inlbrmed  of  the  direction  of  a  sound  by  one  jiart  of  the  organ, 
of  its  musical  tone  by  another,  and  of  some  other  of  its  quaiities  by  m 
third, 

628,  A  single  impulse  coraniunicated  to  the  Auditory  nerve  through  an 
appropriate  apimratus,  seems  to  be  sufficient  to  exmte  the  momentary  sen- 
B&tion  of  sound;  but  most  firequently  a  series  of  such  impulses  is  coooemed, 
there  being  but  few  sounds  which  do  not  partake,  in  a  greater  or  less 
degree,  of  the  character  of  a  tone.  Any  continuous  sound  or  tone  is  de* 
pendent  upon  a  succession  of  impulses;  and  its  acuteness  or  depth  ia 
governed  by  the  rapidity  with  which  these  succeed  one  another.  It  is 
not  difficult  to  ascertain  by  experiment,  what  number  of  such  impulses  or 
undulations  are  required  to  give  every  tone  which  the  ear  can  appreciate, 
ThuSf  if  a  circular  plate,  with  a  number  of  apertures  at  r^ular  interTa1% 
be  made  to  revolve  over  the  top  of  a  pipe  through  which  air  is  pro* 
peUed,  a  succession  of  short  puffs  wiU  be  allowed  to  issue  iVom  this ;  and, 
if  the  revolution  be  sufficiently  rapid,  these  impulses  will  unite  into  a 
definite  tone.  In  the  same  manner,  if  a  sprbg  be  fixed  near  the  edge  of 
a  revolving  toothed  wheel,  in  such  a  manner  as  to  be  caught  by  every 
tooth  as  it  passes,  a  succession  of  dicks  will  be  heard ;  and  these  too,  if 
the  revolution  of  the  wheel  be  sufficiently  rapid,  will  produce  a  tone. 
The  number  of  apertures  in  the  plate  which  pass  the  orifice  of  the  pipe  in 
a  given  time,  or  the  number  of  teeth  which  pass  the  spring,  being  known, 
it  is  easy  to  see  that  this  must  be  the  number  of  impulses  t^equired  to 
produce  the  given  tone.  Each  imprdse  produces  a  double  vibration,  for- 
wards  and  backwards  (as  Is  seen  when  a  string  is  put  in  vibration,  by 
pulUng  it  out  of  the  straight  line)  ^  hence  the  number  of  single  vibr»tioi)S 
IB  always  double  that  of  the  impulses. — ^The  maximum  and  minimum 
of  the  intervals  of  successive  pulses,  still  appreciable  by  the  ear  us  deter- 
minate musi<^  sounds  J  have  been  determined  by  M,  Despretz.^  Ac- 
cording to  this  observer  the  number  of  vibrations  required  to  produce 
an  appreciable  musical  sound,  in  persons  endowed  with  an  acute  seam 
of  hearing,  may  vary  from  IG  for  the  lowest,  to  73,000  for  the  highest 
note.  From  some  observations  of  Dr.  WoUaston,  it  seems  probable  that 
the  ears  of  different  individuals  are  differently  constituted  in  this  respect; 
some  not  being  able  to  hear  very  acute  tones  produced  by  Insects,  or  even 
Birds,  which  are  distinctly  audible  to  others.  Again,  the  sound  resulting 
fcova  16  hnpulsea  per  second,  is  not,  as  has  been  usually  supposed,  the  lowest 
appreciable  note ;  on  the  contrary,  M.  Savart  has  succeeded  in  rendering 
tones  distinguiihable,  though  they  can  scarcely  be  termed  musical,  which 
are  produc&d  by  only  7  or  8  impulses  in  a  second ;  and  continuous  sounds 
of  a  still  deeper  tone  could  be  heard,  if  the  individual  pulses  were  suffi- 
ciently prolonged.  In  regard,  however^  to  the  precise  time  during  whidi 
a  sonorous  impression  remains  upon  the  ear,  it  is  difHcult  to  procure  exact 
information,  since  it  departs  more  gradually  than  do  visual  impF€9SjOiis 
^m  the  eye.  This  is  certain,  however, — that  it  is  much  longer 
the  interval  between  the  successive  pulses  in  the  production  of  ' 
*  "Cbmptea  Eendui,''  torn,  xx,  p.  1S14. 


SENSE   OF   HEARING  : — ^THEORT   OF  ACOUSTICS.  661 

since  it  was  found  bj  M.  Savart,  that  one  or  even  several  teeth  might 
be  removed  from  the  toothed  wheel,  without  a  perceptible  break  in  its 
soimd, — showing  that,  when  the  tone  was  once  established,  the  impres- 
sion of  it  remained  during  an  intermission  of  some  length. 

629.  A  very  recondite  investigation  into  the  theory  of  Acoustics, 
and  especially  into  the  conditions  on  which  the  distinct  qualities  of 
musical  tones  depend,  has  recently  been  imdertaken  by  Helmholtz.* 
It  is  possible,  he  observes,  to  produce  soimds  consisting  of  only  a 
single  primary  or  fundamental  note ;  the  frmdamental  note  of  a  sono- 
rous body  being  the  lowest  tone  which  it  yields  when  the  whole  of  it  is 
in  vibration  together ;  but  in  by  &r  the  greater  nimiber  of  instances, 
soimds  however  produced,  and  whether  musical  in  their  character  or  not, 
are  compoimded  of  the  frmdamental  note  and  a  number  of  secondary 
collateral  or  harmonic  notes ;  and  the  peculiar  quality  or  timbre  of  par- 
ticular instruments  appears  to  be  determined  by  a  variation  in  the  mode 
of  grouping  of  the  secondary  sounds.  Each  such  group  Helmholtz  desig- 
nates a  "sound  colour."  In  a  series  of  experiments  upon  the  vowel 
sounds,  a,  e,  t,  o,  and  u,  he  has  remarked  that  we  distinguish  them  from 
one  another!  by  the  harmonic  sounds  which  accompany  the  chief  or  fun- 
damental note,  and  he  endeavours  to  render  this  evident  by  the  following 
experiments.  He  terms  the  frmdamental  note  the  first  (1),  whilst  the 
harmonics  (2,  3,  4,  5,  6,  &c.)  are  notes  produced  by  two,  three,  four, 
five,  or  six  times  the  number  of  vibrations  of  the  frmdamental  note.  Thus, 
taking  the  middle  C  of  the  piano  as  the  fimdamental  note,  the  harmonica 
will  be  Cj  (octave)  G,  C3  (double  octave)  E,  G3,  &c.     Now  if  the  vowel 

2  3   4  5    6 

a  be  sung  close  to  a  piano  with  the  damper  up,  not  only  will  the  wire 
corresponding  to  the  fimdamental  note  be  thrown  into  vibration,  but  also 
the  wires  corresponding  to  the  3rd  and  5th  harmonics,  or  those  vibrating 
three  times  and  five  times  as  ofren  as  the  fundamental  note,  and  also  more 
feebly  the  2nd,  4th,  and  7th  harmonic  notes.  When  the  vowel  0  is  simg, 
the  3rd  harmonic  note  vibrates  somewhat  more  weakly  than  when  a  is 
sung ;  the  2nd  and  5th  harmonics  very  weakly.  With  u  the  fundamental 
note  vibrates  almost  alone ;  the  3rd  harmonic  very  feebly.  With  e  the 
2nd  harmonic  wire  is  thrown  into  powerful  vibration,  but  the  higher 
harmonics  are  scarcely  produced.  With  1,  as  with  w,  it  is  difficult  to 
pronoimce  it  loudly  enough  to  excite  vibrations  in  any  but  the  funda- 
mental note ;  the  2nd  and  3rd  harmonics,  however,  appear  to  aid  in 
determining  the  clear  character  of  the  note,  and  slight  vibrations  may  be 
observed  in  the  5th  harmonic.  The  wires  of  the  piano  in  these  instances 
may  be  said  to  analyze  the  vocal  sound  into  its  secondary  elements  or 
partial  notes ;  and  Helmholtz  has  shown  that  the  same  result  may  be 
attained  by  placing  in  connection  witli  the  ear  a  series  of  glass  vessels, 
producing  by  their  vibration  harmonic  notes,  and  ascertaining  with 
which  note  or  kind  of  note  they  resonate  most  powerfully.  In  another 
series  of  experiments,  instead  of  analyzing  the  vocal  sounds  as  above 
mentioned,  Helmholtz  endeavoured  to  produce  them  synthetically^  by 
accompanying  a  given  frmdamental  note  with  its  several  harmonics.     This 

*  ''Die  Lehre  von  den  Ton-empfindangen  als  physiologiBche  Gnindlage  fUr  die 
Theorie  der  Musik,"  Braunschweig,  1862. 
t  It  mast  be  borne  in  mind  that  the  German  YOwelB  are  here  implied. 


60^ 


OF  THE   OnOAHS  OF  THE   SENSES,  AITO  THEOI   rUKCriONS, 


WBB  accomplished  by  a  aystem  of  tuning-forks,  arranged  in  Imrm 
eeriBs,  which  could  be  thrown  into  vibratioa  at  will  in  various  order^ 
Thus  the  ftindamental  note  of  the  first  tuning-fork,  resembling  tlie  vowel 
w,  the  vowel  sound  or  niUflical  colour  a  was  produced  if  the  harmonica  2 
were  powerfully,  and  3  and  4  were  weakly  sounded ;  e  was  produced 
by  the  3rd  octave  resonating  powerfully  with  tlie  fimdamentad  note,  the 
2  harmonic  note  moderately,  and  the  4  and  5  harmonii^  feebly,  and  sil 
on  for  the  other  vowel  sounds. ^ — The  power  which  we  posaeaa  of  diatin- 
guiahing  the  characters  belonging  to  similar  notes  produced  by  diifereat 
instruments,  appears,  therefore^  to  be  due  to  a  kind  of  analysis  being 
performed  by  the  ear,  similar  to  that  effected  by  the  wires  of  the  piano; 
and  we  shall  see  that  it  is  not  unreasonable  to  attribute  tliis  fuiiction 
especially  to  the  branches  of  the  auditory  nerve  distributed  ujx>n  the 
lamina  spiralis  of  the  cochlea. 

630.  The  essential  part  of  an  Organ  of  Hearing  is  obviously  a  u^Brre 
endowed  with  the  peculmr  property  of  receiving  sonorous  undulations,  and 
of  transmitting  their  effects  to  the  Sensorium,  This  nerve  is  spread -out 
over  the  surface  of  a  delicate  membrane  which  lines  the  Vestibide  and  ita 
prolongations ;  and  this  membrane  encloses  a  fluid,  which  is  the  medium 
whereby  the  sonorous  vibrations  received  through  the  external  ear  are 
commnnicated  to  the  nerve.  We  learn  from  an  examination  of  tbe  asm- 
parative  strocture  of  the  auditory  apparatus  in  the  lower  animals^  and 
froin  tliQ  Btudy  of  its  development  in  the  higher,  that  the  part  whidi, 
being  most  constantly  present,  and  being  also  &e  earliest  in  its  devekip- 
ment^  may  be  coneideiW  as  the  most  essential,  is  the  simple  Fe^fi^letr 
cavity ;  which  exists  where  tliere  are  no  vestiges  either  of  Semicircukr 
Canals,  of  Cochlea,  or  of  Tympanic  apparatua.  Such  a  condition  preaente 
itself  in  some  of  the  higher  Invertebrata  and  in  the  lowest  Fishes  j  but  at 
we  ascend  the  Vertebrated  series,  we  find  the  semicircular  canaJs  growing 
out  (as  it  were)  of  the  Vestibule  in  Fishes,  a  tympanic  apparatOB  mper- 
added  in  Reptiles^  and  a  Cochlea  first  acquiring  a  more  than  rudimentaiy 
development  in  the  class  of  Birds,  although  only  presenting  in  Mammalia 
that  characteristic  form  from  which  it  derives  its  name,*  Of  the  mode 
in  which  the  uMmate  subdivisions  of  the  Auditory  nerve  are  distribnled 
upon  the  lining  membrane  of  tlie  labyrinth,  it  does  not  yet  seem  possibk 
to  give  a  certain  accoimt ;  for  altlwugh  Wagner  and  others  have  repe^ 
sen  ted  them  as  terminating  in  free  loops,  yet  more  careM  observfttian 
has  rendered  this  doubtiiil ;  and  the  general  analogy  between  the  simpler 
ibrm^  of  t!io  anditoiy  and  of  the  visual  apparatus,  as  well  as  the  dose  eot- 
respondence  which  exists  between  them  in  the  history  of  their  develop- 
ment (the  organ  of  hearing,  like  the  eye,  being  budded-off  fitjm  its  sensory 
ganglion),  seem  to  indicate  that  the  peripheral  expansion  of  the  auditors 
n^ve  miglit  be  expected  to  have  a  structure  analogous  to  Uiat  of  the 
retina.  The  structure  of  the  cochlea  lias  recently  been  materially  eluci* 
dated  by  the  extraordinarily  minute  and  dehcate  diaseotiotiH  of  Corti4 
SchntOse,  Kolliker^  and  others.     The  canal  of  the  cochlea,  according  to 

*  Far  a  more  detailed  sketch  of  the  ComparaltTie  Aaatomj  of  tlie  Orgui  of  ^irrrri^ 
a«e  the  Author'a  **  Princijilea  of  Coaiparativ*  Phjaiulopjp"  ^  711-T14* 

t  See  hm  Memoir  to  Kglllker  ftudSiebotira  '*  Zdtachrift  fiir  wisseoiKjbalUiolie  £o«|of|i^* 
1851,  band  iii.  Heft  1  ;  also  Pfof.  Kotlikor'a  ''MikroakopiKlie  Aiuit49llii^**  hami,  ii 
t  2S9,  aod  Mb  ^*  Maoual  of  Mkitmooph  AxiMotny,"  1&30. 
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KoUiker,  is  filled  with  the  fluid  of  the  labyrinth,  and  contains  not  only  the 
twp  well-known  cavities,  the  Scala  Tympani  and  Scala  Vestibuli  (Sc.  V. 
and  Sc,  T.,  Fig.  139),  but  also  a  third  narrower  space  which  he  proposes 
to  call  the  Scala  Media  (Sc.  M.).  This  is  situated  in  great  measure  within 
the  Lamina  Spiralis,  and  con- 
tains the  ultimate  termina-  ^^^'  1^^* 
tions  of  the  cochlear  branches 
of  the  auditory  nerve.  The 
lamina  spiralis  consists  of  an 
inner  bony  and  an  outer 
membranous  portion ;  the 
former  terminates  by  a 
grooved  edge,  the  upper 
margin  of  the  groove  (Z.  d,) 
being  termed  die  Zona  Den- 
ticulata,  in  consequence  of 
its  presenting  a  series  of 
well-marked  teeth,  the  lower 
margin  {h,  p.)  the  Habenula 
Perforata.  From  each  of 
these  a  layer  of  periosteum 
IB  continued  to  the  opposite 
wall   of  the  cochlea,  com- 


A% 


Sb,T 


Z.  Sp^  Lamina  Spiralis,  diyiding  8e.  F.,  the  Scala  Vea- 
tibali,  from  8e,  2%  the  Scala  Tympani,  and  presenting  at 
its  edge  Z.  d^  the  SSona  denticalata.  and  h.  p^  the  Habenula 
perforata,  m.  C,  the  Monbrane  of  Corti.  covered  with 
epitheliom  prolonged  from  the  Zona  denticalata.  m.  6., 
membrana  biuilaris  prolonged  from  the  habenala  perforata, 
and  also  covered  with  epitheliom.  o.  C,  cells  of  Claudios. 
1.  Bod  of  Corti  of  the  first  order  or  set.  2,  Bod  of  Corti  of 
the  second  order.  Between  these  and  the  membrana 
basilaris  is  a  triangular  space,  8c.  If.,  the  Scala  Media,  into 
which  the  ttee  extremities  of  the  auditory  nerves  prqject. 
».,  a  well-defined  nucleus,  a.,  spiral  vessel,  m.  r.,  mem- 
brana reticularis,  /.  «p.,  ligamentum  spirale.  o.  Oem*.,  cells 
of  Corti.    M.  v.,  membrana  velamentosa. 


pleting  the  septum  between  the  Scala  Tympani  and  Scala  Vestibuli. 
The  upper  layer  is  termed  the  Membrane  of  Corti  (m.  C),  the  lower  one 
the  Membrana  Basilaris  (m.  b,).  Connected  with  the  habenula  perforata, 
and  lying  in  the  scala  media,  or  space  between  the  two  membranes,  are 
certain  structures  termed  the  Rods  of  Corti.  These  (1  and  2)  form 
an  angle  with  one  another  resembling  the  gable  end  of  a  house,  and  appear 
to  be  connected  above  by  a  delicate  membrane,  the  Membrana  Vela- 
mentosa. The  space  between  the  groove  of  the  bony  lamina  spiralis  and 
the  first  set  of  the  rods  of  Corti,  and  the  space  between  the  outer  wall  of 
the  cochlea  and  the  second  set  of  the  rods  of  Corti,  are  filled  with  large 
nucleated  cells  (c.  C),  the  cells  of  Claudius.  The  interval  between  the  two 
sets  of  rods  and  the  membrana  basilaris  {Sc.  M.)  is  probably  filled  with 
fluid.  The  branches  of  the  auditory  nerve  lie  on  the  under  surface  of 
the  lamina  spiralis,  beneath  the  habenula  perforata,  through  which  they 
pass  by  many  small  openings,  and  (though  there  is  much  difiGicUlty  in 
following  them  at  this  part)  apparently  terminate  by  fi:ee  and  extremely 
delicate  extremities  amongst  the  cells  of  Claudius,  and  in  the  fluid  of  the 
scala  media.  The  accompanying  diagram  will  give  some  idea  of  the 
relations  of  these  delicate  parts  as  they  appear  to  be  determined  by  the 
most  recent  investigations.*      , 

631.  In  order  to  gain  any  definite  idea  of  the  uses  of  different  parts  of 
the  Ear,  it  is  neceaiiluy  to  bear  in  mind  that  sounds  may  be  propagated 
amongst  solid  or  fluid  bodies  in  three  ways ;  by  reciprocation^  by  reso- 
nance^ and  by  conduction. — 1.  Vibrations  of  reciprocation  are  excited  in 
a  soimding  body,  when  it  is  capable  of  yielding  a  musical  tone  of  definite 
pitch,  and  ano&er  body  of  the  same  pitch  is  made  to  soimd  near  it. 
Thus  if  two  strings  of  the  same  length  and  tension  be  placed  alongside  of 
*  See  Hck,  "  Anatomie  and  Physiologie  der  Sinnes  Organe,**  1862,  p.  122. 
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eoeti  otlier,  and  one  of  them  be  sounded  with  a  rioliu-bow,  tlie  other  will 

be  thrown  iiito  reciproail  vibration ;  or  ii'  the  mrne  tone  be  produced 
near  the  string  in  any  other  maimer,  as  by  a  llute  or  a  tuiujig^fbrk,  tbe 
sajtie  e^ect  wiil  result.^ — 2.  Vibrationi  of  resonance  ure  of  somewhat  the 
eame  character ;  bnt  tliey  occur  when  a  sounding  l>odj  is  pbt-oed  in  con- 
nection with  any  other,  of  wliich  one  or  more  parti  may  be  thrown  into 
reciprocal  vibration  ;  even  tliough  the  tone  of  the  whole  be  different,  or 
it  be  not  capable  of  prodnclng  a  d«ifinite  tone  at  all.  This  is  the  case,  for 
example,  when  a  tuning-fork  in  vibration  is  placed  upon  m  Bonnd-board ; 
for  even  though  the  winkle  board  have  no  definite  fundaraental  note,  it 
will  divide  itseU*  into  a  number  of  parts,  which  will  ledprocate  the 
original  sound,  so  as  greatly  to  increase  itaintenaty ;  and  the  amneaomul- 
board  will  act  etjually  well  for  tuning-forka  of  several  difil^reet  degrees  at 
pitch.  When  a  enialler  Ijody  is  used  for  resonance,  however,  it  ia  eoKSi- 
tial  that  there  should  be  a  relation  between  its  fundamental  note  mod 
that  of  the  sonorous  body ;  otherwise  no  distinct  resonance  is  produced. 
Thns,  if  a  tuning-fork  in  vibration  be  held  over  a  column  of  air  in  ;t  tube, 
of  such  a  length  that  the  same  note  would  be  given  by  its  vibration,  its 
sound  will  be  reciprocjited*  And  if  it  be  held  over  a  pipe*  the  column  *>f 
air  in  which  is  a  multiple  of  thi*,  the  column  will  divide  itself  into  that 
number  of  shorter  partSj  each  of  which  will  reciprocate  the  original  sound, 
and  the  totril  action  will  be  one  of  r^onance.  But  if  the  length  (4^  the 
pipe  bear  no  such  correspondence  with  the  note  sounded  by  the  tuning- 
fork,  no  resonance  is  given  by  the  column  of  air  it  eontains.^ — 3,  Vibra- 
tions of  conduct  tan  are  the  only  ones  by  which  sounds  can  strictly  bi 
aaid  to  be  propagated :  these  are  distinguishable  into  various  kinds,  into 
which  it  h  not  requisite  here  to  inquire.  It  should  be  remm-ked,  how- 
ever, Uiat  all  media,  fluid,  liquid ,  or  solid,  are  caj^table  of  trmn^mittiqg 
sound  in  this  matmer  ;  a  vacuiun  being  the  only  sjiace  through  which  it 
cannot  pass.  The  transmission  is  usu&lly  much  more  rapid  through  solid 
bodies,  than  through  liquid  ;  and  tli rough  liquid,  than  through  gsaeoQ^ 
The  greatest  diminution  in  the  intensity  of  sound  is  UAuallj  peroeiTed« 
when  a  change  takes- place  in  the  medium  through  wliich  it  m  propogiledi 
especially  from  the  aeriform  to  the  liquid. 

632.  The  detailed  application  of  these  principles  has  been  most  elabo* 
ratelj  worked- out  by  Prof.  Miiller;  and  the  following  statement  as  Httk 
more  than  an  abstract  of  the  results  of  hia  experimental  in ves^tgHtions ; 
of  which  the  first  series  bears  specially  on  the  case  of  those  animaii^ 
which,  living  immersed  in  water,  receive  the  sonorous  undulations  throqg^ 
that  medium.  The  labyrinth  of  such  as  possess  a  distinct  organ  d 
hearing,  is  cither  entirely  enclosed  within  the  bones  of  the  head,  ba  ill 
the  Cephalofjoda  and  in  the  Cyclostome  and  Osseous  Fishea;  or,  i^ 
cavity  being  prolonged  to  the  surfece  of  tlie  body,  it  is  there  brought  inio 
oommunicatioQ  with  the  conducting  medium  by  means  of  a  membnus^ 
beddes  receiving  the  vibrations  through  tlie  medium  of  the  aolids  of  tfa« 
body,  as  is  the  caae  in  Cartilaginous  Fishes  and  Crusta<^a  ; — 1.  Sonorous 
vibrations,  excited  in  Water,  are  imparted  with  considerable  intensity  to 
solid  bodies. — n.  Sonorous  vibrations  of  solid  bodies  are  eoniniuni<^te<l 
with  greater  intensity  to  other  solid  bodies  brought  in  contact  with  them, 
than  to  water ;  but  with  much  greater  intensity  to  water,  Uiau  to  atnto* 
spheric  air.^ — in.    Sonorous  vibrations  are  communicated   from    rrr  *^- 
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water  with  great  difficulty,  this  difficulty  very  much  exceeding  that 
with  which  they  are  propagated  from  one  part  of  the  air  to  another;  but 
their  transition  from  air  to  water  is  much  fiicilitated  by  the  intervention 
of  a  membrane  extended  between  them. — iv.  Sonorous  vibrations  are  not 
only  imparted  from  water  to  solid  bodies  with  definite  surfaces  which  are 
in  contact  with  the  water,  but  are  also  returned  with  increased,  in  tensity 
by  these  bodies  to  the  water ;  so  that  the  soimd  is  heard  loudly  in  the 
vicinity  of  those  bodies,  in  situations  where,  if  it  had  its  origin  in  the 
conducting  power  of  the  water  alone,  it  would  be  faint. — ^v.  Sonorous 
undulations,  propagated  through  water,  are  partially  reflected  by  the 
siurfaces  of  solid  bodies. — ^vi.  Thin  membranes  conduct  soimd  in  water 
without  any  loss  of  its  intensity,  whether  they  be  tense  or  lax. — vii. 
When  sonorous  vibrations  are  communicated  from  water,  to  air  inclosed 
in  membranes  or  solid  bodies,  a  considerable  increase  in  the  intensity  of 
the  sound  is  produced,  by  the  resonance  of  the  air  thus  circumscribed. — 
VIII.  A  body  of  air  inclosed  in  a  membrane,  and  surroimded  by  water, 
also  increases  the  intensity  of  the  soimd  by  resonance,  when  the  sonorous 
undulations  are  communicated  to  it  by  a  solid  body. 

633.  Animals  living  in  air  are  nearly  always  provided  with  an  opening 
into  the  Vestibule,  the  fenestra  ovalis,  coyered  by  a  thin  membrane;  and 
generaUy  with  a  Tympanic  apparatus  also.  The  following  experimental 
results  bear  upon  the  manner  in  which  the  Ear  of  such  animals  is  affected 
by  sound : — ix.  Sonorous  undulations,  in  passing  from  air  directly  into 
water,  sufEer  a  considerable  diminution  in  their  strength ;  while,  on  the 
contrary,  if  a  tense  membrane  exist  between  the  air  and  the  water,  the 
sonorous  imdulations  are  commimicated  from  the  former  to  the  latter 
mediiun  with  great  intensity. — x.  The  sonorous  vibrations  are  also  com- 
mimicated without  any  perceptible  loss  of  intensity  from  the  air  to  the 
water,  when,  to  the  membrane  forming  the  medium  of  communication, 
there  is  attached  a  short  solid  body,  which  occupies  the  greater  part  of 
its  sur&ce,  and  is  alone  in  contact  with  the  water. — xi.  A  small  solid 
body,  fixed  in  an  opening  by  means  of  a  border  of  membrane,  so  as  to  be 
moveable,  communicates  sonorous  vibrations  from  air  on  one  side  to 
water  or  the  fluid  of  the  labyrinth  on  the  other,  much  better  than  solid 
media  not  so  constructed.  But  the  propagation  of  sound  to  the  fluid  is 
rendered  much  more  perfect,  if  the  solid  conductor,  thus  occupying  the 
opening,  is  by  its  other  end  fixed  to  the  middle  of  the  tense  membrane 
which  has  atmospheric  air  on  both  sides. — The  fact  stated  in  ix.  is 
evidently  one  of  great  importance  in  the  physiology  of  hearing ;  and  fully 
explains  the  nature  of  the  process  in  those  animals  which  receive  the 
sonorous  vibrations  through  air,  but  which  have  no  tjonpanic  apparatus. 
In  X.  we  have  the  elucidation  of  the  action  of  the  fenestra  ovalis,  and  of 
the  moveable  plate  of  the  stapes  which  occupies  it,  in  animals  living  in 
air  but  destitute  of  tympanic  apparatus ;  this  is  naturally  the  case  in  many 
Amphibia ;  and  it  may  happen  as  the  result  of  disease  in  the  Human 
subject.  In  xi.  we  have  a  very  interesting  demonstration  of  the  purpose 
and  action  of  the  tympanum,  in  the  more  perfect  forms  of  the  auditory 
apparatus. — ^We  are  now  prepared  to  inquire,  in  somewhat  more  of  detail, 
into  the  actions  of  the  different  parts  of  this  apparatus ;  and  it  will  be 
better  to  commence  with  those  of  the  Middle  and  Internal  JSar,  the 
accessory  organs  being  afterwards  considered. 
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634»  The  Mertihrana  Tt/mpani  consists  of  three  bijei*s ;  an  exttrmd 
one  continuous  witli  the  cutis  of  the  external  meatus,  and  eonsiFtuig  erf' 
dermoid  tissue  with  a  covering  of  epidermic  cells;  an  internal^  which  it 
extremely  thin,  continuous  in  like  manner  with  the  mucous  membnme 
lining  the  tympanic  cavity,  and  also  composed  of  dermoid  tiasne  aod 
epitbeliutn  ;  and  a  niidtlls  layer,  which,  according  to  Mr,  Tojnbee,*  may 
be  separated  into  two  distinct  Jaminse  whose  fibres  run  io  contrary 
directions,  those  of  the  external  layer  (which  is  the  stronger  of  the  two) 
rati  Hi  ting  from  t!ie  malleus  towards  die  peripheral  ring  to  which  they 
are  attached,  whilst  those  of  the  internal  are  annular.  The  fibres 
which  these  laminsc  are  composed  do  not  appear  to  he  muscular ;  nor 
they  present  the  longitudinal  parallel  wavy  lines  characteristic  of  oirdisary 
fibrous  membranes;  and  they  are  rendered  opaque  by  acetic  acid.  Henoe, 
although  thoae  lamina;  appear  to  he  derived^  the  external  from  the  peri- 
osteum of  tlie  meatus,  and  the  internal  from  that  of  the  tjTn|mnic  caTity, 
they  differ  from  it  in  elemenkiry  structtue^  and  seem  to  have  more  in 
common  with  elastic  tissue.  Mr,  Toynbee  points  out  the  existenoe 
of  a  tubular  ligament,  enclosing  the  tendon  of  the  tensor  tympani  muscle; 
and  considers  that  l^e  membrane  is  maint^iioed  by  this  ligament  in  a 
state  of  moderate  tension,  the  assistance  of  the  muscle  being  only  required 
to  augment  this.^ — The  function  of  the  Membra  fia  Tj/mpani  seems  obvioiialy 
to  be  the  reception  of  sonorous  undulations  from  the  idr,  in  sach  a  maimer 
that  it  may  be  tlirown  by  them  into  a  reciprocal  vibration,  which  is  com* 
municated  to  the  chain  of  bones.  In  its  usual  state,  this  membT^iie  is 
scarcely  on  the  stretch  ;  and  tliis  is  found  by  exi>ertment  to  be,  for  a  Bmall 
membrane,  the  best  condition  for  the  propagation  of  ordinary  tmduIatioDs. 
This  is  easily  rendered  sensible  in  one's  o^vn  person ;  for  an  increased 
tension  may  be  given  to  the  membrana  tympani,  either  by  holding  tho 
breath  and  forcing  air  into  the  Eustachian  tube,  so  as  to  djstend  it  frora 
within,  or  by  exhausting  the  cavity,  so  as  to  cause  the  external  air  to 
make  incre4xsed  pressure  upon  it ;  and  in  either  case,  the  hearing  is  im^ 
mediately  found  to  become  indistinct.  It  is  observed,  however,  that  graTs 
and  acute  soimds  ore  not  equally  affected  by  this  action ;  for  the  ©speri- 
menter  renders  himself  deaf  to  grave  sounds,  whilst  acute  sounds  are  heanl 
even  more  distinctly  than  before,  Tlus  fact  is  readily  understood,  hf 
referring  to  the  laws  of  Acoustics  already  mentioned.  The  greater  tha 
tension  to  which  the  membrana  tympani  is  subjected,  tlie  more  acute  will 
be  its  flmdaraental  tone ;  and  as  no  proper  reciprocation  can  take- place 
in  it  to  any  sound  lower  than  its  fiindamental  tone,  its  power  of  repeating 
perfectly  the  vibrations  proper  to  the  deeper  notes  will  dimini^,  Th« 
nearer  a  sound  approaches  to  the  fimdamental  note  proper  to  the  te^sfi  g 
membrane,  the  more  distinctly  will  it  be  heard.  On  the  oUier  hand,  whi^^H 
the  membrane  is  in  its  naturally -relajced  cxindition,  its  fundamental  nottj^H 
is  very  low,  and  it  is  capible  of  repeating  a  much  greater  variety  ol 
BOimds;  for,  when  it  receive  undulations  of  a  higher  tcme  than  those  ta 
which  the  whole  membrane  would  reciprocate,  it  divides  itself  into  dislizict 
segments  of  ribration,  which  are  separated  by  hues  of  rest ;  and  ev^y 
one  of  these  reciprocates  the  aound^f  at  the  same  time  rendering  it  mofe 

♦  "  Fhiloaopbicftl  Trftttwictions,"  1S51. 

t  Thia  ia  Tery  easily  proTcd  by  eiperimeat  on  a  membnuDe  stretched  over  a  t^soaftnl 
cavitjf ;  for  if  hght  mnd  be  strewed  tipoti  it.  and  a  strong  muaieal  tone  b«  |»tidtteed  in 
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intense  by  multiplication  (§  631).  These  facts  enable  us  to  understand 
the  influence  of  the  tensor  tympani  muscle,  in  augmenting  the  tension  of 
the  membrane,  and  thus  enabling  it  to  vibrate  in  reciprocation  to  sounds 
having  a  great  variety  of  fundamental  notes.  It  appears  to  be  antagonized 
by  the  stapedius,  the  contraction  of  which  seems  to  diminish  the  tension 
of  the  membrana  t3anpani,  and  to  take-o£E  pressure  from  the  fluid  of  the 
labyrinth.  These  two  muscles  conjointly  may  be  considered  to  r^ilate 
the  transmission  of  sonorous  imdulations  to  tibe  fluid  of  the  internal  sac, 
preventing  it  from  being  too  violently  aflected  by  loud  sounds,  in  the  same 
manner  that  the  iris  r^ulates  the  admission  of  light  to  the  eye  (§  608) ; 
and  the  analogy  extends  also  to  their  nervous  supply,  the  stapedius  being 
excited  to  action  by  a  branch  of  the  Facial,  whilst  the  tensor  ^rmpani 
receives  its  nerves  from  the  Otic  ganglion.*  They  are  probably  put 
into  conjoint  action  when  we  are  listening  for  &int  sounds,  so  as  to 
bring  the  t3anpanum  into  the  state  of  tension  best  adapted  to  reciprocate 
them ;  whilst  by  a  like  preparation,  the  concussive  effects  of  a  loud  sound 
that  is  anticipated,  are  more  eflectually  moderated  than  when  it  strikes 
the  ear  without  warning.  It  is  probably  owing  to  an  imperfect  action 
of  these  muscles,  that  some  persons  are  deaf  to  grave  soimds,  whilst  they 
readily  hear  the  more  acute. 

636.  The  uses  of  the  Tympanic  Cavity  are  very  obvious.  One  of  its 
purposes  is  to  render  the  vibrations  of  the  membrane  quite  free ;  and  the 
other,  to  isolate  the  chain  of  bones,  in  such  a  manner  as  to  prevent  their 
vibrations  from  being  weakened  by  diflusion  through  the  surrounding 
solid  parts.  As  to  the  objects  of  the  Eustachian  Tube,  opinions  have 
been  much  divided.  Many  of  these  opinions,  however, — such  as  the  one 
most  commonly  entertained,  that  it  serves  the  same  purpose  as  the  hole 
in  an  ordinary  drum,  removing  an  impediment  to  the  free  vibration  of 
the  membrane  that  would  be  offered  by  the  complete  inclosure  of  the 
air  within, — are  at  once  negatived  by  the  fact,  which  seems  to  have  been 
demonstrated  by  Mr.  Toynbee,  that  the  guttural  orifice  of  the  tube  is 
usually  closed,  being  only  opened  during  the  act  of  swallowing.f  The 
principal  object  of  the  Eustachian  tube  (which  is  always  found  where 
there  is  a  tympanic  cavity)  seems  to  be  the  maintenance  of  equilibrium 
between  the  air  within  the  tympanum  and  the  external  air ;  so  as  to 
prevent  inordinate  tension  of  the  membrana  tjonpani,  which  would  be 
produced  by  too  great  or  too  little  pressure  on  either  side,  and  the  effect 
of  which  would  be  imperfection  of  hearing.  It  also  has  the  office  of 
conveying-away  mucus  secreted  in  the  cavity  of  the  tympanum,  by 
means  of  the  vibratile  cUia  which  clothe  its  lining  membrane;  and 
the  deafness  consequent  on  occlusion  of  this  tube,  is  in  part  explicable 
by  the  accumulation  which  then  takes-place  in  the  cavity.  From 
what  has  been  stated,  it  is  evident  that  sonorous  undulations  in  the 
air  will  be  propagated    to  the  fluid    contained    in    the    labyrinth, — 

its  Ticioity,  the  membrane  will  immediately  be  set  in  vibration,  not  as  a  whole  (onless 
its  fiindamental  note  be  in  nnison  with  Uiat  sonnded),  bat  in  different  segments,  of 
which  erery  one  reciprocates  the  soand;  from  the  vibrating  parts,  the  sand  will  be 
violently  thrown-off;  bat  it  will  settle  on  the  intermediate  lines  of  rest^  which  are 
known  as  the  nodal  lines,  forming  a  variety  of  carious  figures. 

*  See  Mr.  C.  Brooke  in  '<  Lancet,*'  1843,  p.  880 ;  and  Mr.  Toynbee  in  <'  Brit  and 
For.  Med.-Ghir.  Bev.,**  vol.  zL  p.  285. 

t  Loc.  dU,  and  "  Proceedings  of  the  Boyal  Society,"  1852. 
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ihrougli  tlie  tjiupaTtumT  the  cboin  of  Ixm^*  and  die  membruije 
ftne&tra  ovalis  to  which  tlje  atapea  is  attachedi^ — without  anj  1< 
rather  an  increase  of  mtenaity*  Whj  water  ehould  he  ehoseti  ma 
medium  through  which  the  impreasioa  is  to  be  made  upon  the  nerve, 
m  impossible  for  us  to  say  with  anything  like  certainty,  in  ottr 
atate  of  ignorance  a&  to  tlie  physical  character  of  timt  Impresaioii.  Bi 
the  problem  being  to  commnnicate  to  water  the  sonorous  undulntiODS 
air,  ^e  experimental  results  already  detailed  iutislkctoriljr  prove 
whUst  this  may  be  accomplish ed,  in  a  degree  suffident  for  the  wants 
the  inferior  animiilSf  by  die  simple  interposition  of  a  tense  tnenibfwii 
between  the  air  and  the  fluid,^ — -the  tympanic  apparatus  of  tiie  high< 
classes  is  most  admirably  adapted  tor  tills  purpose.  The  fenestra  tyv&lia 
is  not,  however,  the  only  channel  of  oommunication  between  the  tympammi 
and  the  labyrinth ;  for  there  is  in  most  animtils  a  second  aperture^  the 
fenestra  rotunda,  leading  into  the  cochlea j  and  simply  covered  with  a 
membrane.  It  is  generally  supposed  that,  the  hibyrinth  being  dlied  with 
a  nearly  incompressible  fluid,  this  second  aperture  b  nefeseary  to  nUow 
the  free  vibration  of  that  fluid ;  the  membrane  of  the  feuestni  rotuniia 
being  made  to  bulge-out,  as  that  of  the  fenestra  ovalis  is  pushed -in*  It 
may  be  easily  shown  by  experimeutj  however,  as  well  m  by  reference  to 
comparative  anatomy,  that  no  such  contrivance  is  neoessaij  \  for  sonorous 
undulations  may  be  excited  in  a  non-elastic  fitud,  completely  inclosed 
within  solid  walls  at  every  part,  except  where  these  are  replaced  by  the 
membrane  through  which  the  vibrations  are  propagated  |  and  this 
precisely  the  condition,  not  only  of  Invertebrated  animals,  but  <!veii  ot 
Frogs ;  in  which  last  a  tympanic  apparatus  exists,  without  a  second  orifice 
into  the  iabyriuth*  Moreover  it  ia  certain,  that  the  \'ibratioiis  of  the  air 
in  the  cavity  of  the  tympanmn  must  of  tliemselvea  act  upon  the  mesi- 
brane  of  the  fenestra  rotunda ;  and  this  is  perhaps  the  most  direct  majiner 
in  which  the  fluid  in  the  coclilea  will  be  affected^  although  it  will  ulti* 
mately  be  thrown  into  much  more  powerful  action,  by  the  transmisdon 
of  vibrations  from  tiie  vestibule.  For  it  has  been  satisfactorily  deter- 
mined by  experiment  (xjl),  that  vibrations  are  transmitted  widi  very 
much  greater  intensity  to  water,  when  a  tense  membrane^  and  a  clyun 
of  insulated  solid  bodies  capable  of  free  movement,  are  mtecessively  tli« 
conducting  media,  than  when  tlie  media  of  communication  bet^'een  the 
vibrating  air  and  the  water  are  ih^  same  tense  membrane,  air,  and  a 
second  membraue : — or,  to  apply  this  fact  to  the  orgim  of  hearings  the 
same  vibrations  of  the  air  act  uj>on  the  fluid  of  the  labyrinth  with  mui 
greater  intensity,  tlirough  the  medium  of  the  chain  of  auditory  bonee  and, 
the  fenestra  ovalisj  than  through  the  medium  of  the  air  of  the  tj-mpani 
and  the  membrane  closing  the  fenestra  rotimda,*— The  fi?nestra  rotiun 
is  not  to  be  considered  as  having  any  peculiar  relation  with  the  coclilai| 
since,  in  the  Turtle  tribe,  the  former  exists  without  the  latter. 

63 6 1  It  is  obviously  in  the  Lahf/rinth  as  a  whole,  that  tlie  aoooroQi 
vibrations  are  brought  to  bear  u|>on  the  Auditor)"^  nerve  spread-otit  to 
receii  e  them.  In  regard  to  the  special  functions  of  particular  |>atls  oi 
the  kbyrinthf  however,  no  certainty  can  be  said  to  exist.    The  Euembtnod 

*  F»r  pape»  diawimg  ih&t  Boandt  ftre  cbiefly  ^n  ducted  tbroagb  Ibi  boviet  of  Iht 
tytniJj^uiii,  aee  J,  Jflgo»  in  "Prooeediags  of  Eoj*l  Society,"  1857-69,  vaL  ii.  p*  ISI ; 
aad  J.  Ttijubft^,  in  idem,  l3S&-dQ,  yoL  x^  p*  32. 
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wliich  lines  its  cavities  not  only  contains  a  liquid  (the  endO'lymph\  but 
is  also  separated  from  the  osseous  wall  by  another  collection  of  liquid,  the 
peri'lymph ;  so  that  it  is  suspended,  as  it  were,  in  a  liquid  which  bathes 
both  its  surfaces.  In  the  cavity  of  the  Vestibule,  which  is  subdivided  by 
a  membranous  partition  into  two,  are  found  small  masses  of  concretionary 
particles,  collectively  named  otoconia^  or  ear-powder ;  these  are  obviously 
the  rudiments  of  the  otoliths^  or  ear-stones,  whose  presence,  in  animals 
with  a  less  perfect  auditory  apparatus,  seems  needful  to  intensify  the 


Vertical  Section  of  the  Human  Ear,  the  intenial  portions  on  an  enlarged  scale  ^-a»  6,  c,  ex- 
ternal ear ;  d,  entrance  to  auditory  canal,/;  0, 0,  petroos  portion  of  temporal  bone ;  p,  mem- 
brana  tympiuii ;  A,  cayity  of  the  tympannm.  the  chain  of  bones  being  removed;  t,  openings 
from  tms  cavity  into  the  cells, ^,  excavated  in  the  bone;  on  the  side  opposite  the  membrana 
tvmpani  are  seen  the  fenestra  ovalis  and  rotonda;  Ir,  Enstachian  tube ;  /,  vestibale ;  m,  semi- 
drcuar  canals ;  n,  cochlea ;  o,  anditory  nerve ;  p,  canal  for  carotid  artery ;  2,  part  of  glenoid 
fossa;  r,  styloid  process.  « 

undulations. — It  is  commonly  supposed  that  the  Semicircular  Canals 
have  for  their  pectdiar  function,  to  receive  the  impressions  by  which  we 
distinguish  the  direction  of  soimds ;  and  it  is  certainly  a  powerful  argu- 
ment in  support  of  this  view,  that,  in  almost  every  instance  in  which 
these  parts  exist  at  all,  they  hold  the  same  relative  positions  as  in  Man, 
their  three  planes  being  nearly  at  right  angles  to  one  another.  The  idea, 
however,  mi|st  be  regarded  as  a  mere  speculation,  the  value  of  which 
cannot  be  decided  wil^bout  an  increased  knowledge  of  the  laws  according 
to  which  sonorous  vibrations  are  transmitted ;  but  it  receives  a  certain 
degree  of  confirmation  from  the  curious  movements  witnessed  by  M. 
Flourens  after  section  of  one  or  other  of  these  canals  (§  514). — ^Regarding 
the  special  function  of  the  Cochlea,  there  is  precisely  the  same  uncertainty. 
It  has  been  surmised  by  M.  Dug^s,  that  by  the  Cochlea  we  are  especially 
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enabled  to  estimate  the  pitch  of  »oiind%  particularljr  of  tlie  itmce  ;  and 
he  ndduceSf  m  aupport  of  thia  idea,  the  imt,  that  the  deretopm^fit  of 
tho  doehlea  follows  a  YQry  simikf  proportion  with  the  oompaaa  of  ihm 
Toiae,     This  is  much  the  greateet  in  the  Mammalia ;  I^t  in  Birds ;  mad 
in  Heptiles  which  Imvc  little  true  vocal  power,  the  Gochloa  m  reduced 
to  its  lowest  form,  disappearing  entirely  in  the  Antphibim.     That  thert 
should  be  an  acoustic  relation  between  the  voice  and  ear  of  each  spedes 
ofuniinal,  caimot  bo  r^arded  aa  improbable;    and   the   speculation  of 
M.  Dug^s  derives  confirm^ation  froto  the  researches  of*  llehnholtz,  who 
tipi  neurit  to  consider  that  the  function  of  the  cochtea   sUmd^  in  intimate 
relation  with  our  power  of  diBcriminating  differences  in  the  quality  of 
•oundfl*      This  will   naturally   follow  from   his   demonatration  that  the 
timbre  depends  upon  the  harmonic  comblnationa ;  if  it  be  the  foBCtion 
of  the  cochlea  to  discriminate  pitch.     According  to  his  obsen'^tions,  the 
individual  branches  of  the  auditory  nerve  are  oidy  capable  of  distingiiish- 
ing  simple,  pendulum-like  vibrations ;    but^  a&  already  stated  (§  629)^ 
all  onllnary  sounds  are  compound  in  their  nattire,  the  fbndamental  note 
being  accompanied  by  harmonics;  these  throw  corresponding  fibres  into 
vibration,  and  produce  an  impression  whicli  may  be  hkened  to  a  oolour. 
The  analogy  which  e:!ci3ts  between  the  power  of  distingTiishing  e^imin 
and  that  of  discriminating  musical  tones  lias  long  been  recogmzed ;  and 
whilst  we  find  that  some  persons  are  endowed  with  the  latter,  which  is 
commonly  known  as  a  *  musical  ear/  iu  a  degree  that  renders  it  a  donree 
of  great  discomfort  to   them  (since  eveiy  discordant  sound  is  a  poaitire 
torment),  Otliers  are  altogether  destitute  of  it^ — the  deficiency  bdng  very 
analogous  to  the  *  colour-blindness'  formerly  described  (§621)*      It  ia  not 
a  little  curious,  diat  the  two  defects  are  occasionally  co-e^ostent  in  the 
same  individuals.* 

G37.  We  have  now  to  consld^  the  iiinctions  of  the  aceessoij  parts^ — 
the  ExUrnai  Ear^  and  the  Mmiu$*  The  Cartilage  of  the  external  ear 
may  propagate  sonorous  vibrations  in  two  ways ;  by  reflection,  and  by 
cooductioD*  In  reflection^  the  concha  is  the  moat  important  part,  aioce 
it  directs  the  reflected  undulations  towards  the  tragus,  whence  they  are 
thrown  into  the  auditory  paaiage.  The  other  ineqimlitiea  of  the  external 
ear  cannot  promote  hearing  by  reflection  ;  and  the  purpose  of  the  aztm- 
»ion  of  its  cartilage  is  evidently  to  receive  the  sonorous  vibrationa  fitna 
the  air,  and  to  conduct  them  to  its  source  of  attachment.  In  thia  pomt 
of  view  the  inequalities  Become  of  imjiortance ;  for  those  elevaltons  and 
depressions  upon  which  the  undulations  fall  perpendicularly,  will  bi 
a^ected  by  them  in  the  most  intense  degree;  aud  in  consequence  of  th« 
varied  form  and  position  of  these  inequalities,  sonorous  undulations,  ia 
whatever  direction  they  may  come,  must  fall  advantageously  upon  some 
of  them, — The  functions  of  the  Meatus  appear  to  be  threefold.  The 
sonorous  undulations  entering  from  the  atmosphere  are  propagated  directly, 
without  dispersion^  to  the  membrana  tympani :  the  sonorous  undidatioaa 
received  on  tho  external  ear  are  conveyed  along  tlie  walla  of  the  meatus 
to  the  membrana  tympani:  whilst  the  air  which  it  eontaine,  like  dO 
insulated  masses  of  air,  increases  the  intensity  of  sounds  by  reaananoe* 
That,  in  ordinary  hearing,  the  direct  transmission  of  atmospheric  vibn- 
*  Se«  ft  «gUeotioa  of  iucb  osoea  hj  Dr,  Fliaj  Earle,  In  ''  Lxa^*  Jatun,  of  Kod*  8d,** 
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tdons  to  the  membrana  lyinpani  is  the  principal  means  of  exciting  the 
reciprocal  vibrations  of  the  latter,  is  sufficiently  evident ;  the  iindulations 
which  directly  enter  the  passage,  will  pass  straight  on  to  the  membrane ; 
while  those  that  enter  obliquely  will  be  reflected  from  side  to  side,  and 
at  last  will  fall  obliquely  on  the  membrane,  thus  perhaps  contributing  to 
the  notion  of  direction.  The  power  of  the  lining  of  l^e  meatus  to  con- 
duct sound  from  the  external  ear,  is  made  evident  by  the  &ct,  that,  whexl 
both  ears  are  closely  stopped,  the  sound  of  a  pipe  having  its  lower  extre- 
mity covered  by  a  membrane,  is  heard  more  distinctly  when  it  is  applied 
to  die  cartilage  of  the  external  ear  itself,  than  when  it  is  placed  in  contact 
with  the  surface  of  the  head.  The  resonant  action  of  the  air  in  the  tube 
is  easily  demonstrated,  by  lengthening  the  passage  by  the  introduction  of 
another  tube ;  the  intensity  of  external  sounds,  and  idso  that  of  the  indivi- 
dual's own  voice,  as  heard  by  himself,  is  then  much  increased. 

638.  Many  fiicts  prove,  however,  that  the  fluid  of  the  Labyrinth  may 
be  thrown  into  vibration  in  other  ways  than  by  the  Tympanic  apparatus. 
Thus  in  Osseous  Fishes,  it  is  only  by  the  vibrations  transmitted  through 
the  bones  of  the  head,  that  hearing  can  take  place.  There  are  many 
persons,  again,  who  can  distinctly  hear  soimds  which  are  thus  trans- 
mitted to  them ;  although,  through  some  imperfection  of  the  tympanic 
apparatus,  they  are  almost  insensible  to  those  which  they  receive  in  the 
ordinary  way.  It  is  evident,  where  this  is  the  case,  that  the  nerve  must 
be  in  a  state  fully  capable  of  functional  activity ;  and  on  the  other  hand, 
where  sounds  cannot  thus  be  perceived,  there  will  be  good  reason  to  believe 
that  the  nerve  is  diseased. 

639.  The  power  of  distinguishing  the  direction  of  soimds  appears  to  be, 
in  Man  at  least,  for  the  most  part  acquired  by  habit ;  for  it  is  some  time 
before  the  in&nt  seems  to  know  anything  of  the  direction  of  noises  which 
attract  his  attention.  Our  judgment  as  to  this  point  is  probably  assisted, 
in  most  cases,  by  a  difference  in  the  intensity  of  the  sensations  received 
through  the  two  ears  respectively ;  but  since  we  have  a  certain  power  of 
appreciating  direction  when  one  ear  alone  is  used,  this  power  must  de- 
pend upon  an  exercise  of  perceptive  discrimination  (which  is  probably 
acquired,  rather  than  intuitive,)  in  regard  to  the  impressions  which  we 
receive  through  its  means ;  and  it  has  been  already  mentioned  that  the 
Semicircular  canals  (§  636)  appear  to  furnish  the  instrumentality  by 
which  our  minds  are  enabled  to  take  cognizance  of  such  differences. — 
The  idea  of  the  distance  of  the  sonorous  body  is  another  acquired  percep- 
tion, depending  principally  upon  the  loudness  or  faintness  of  the  soimd, 
when  we  have  no  other  indications  to  guide  us.  In  this  respect  there  is 
a  great  similarity  between  the  perception  of  the  distance  of  an  object, 
through  the  Eye  by  its  size,  and  through  the  Ear  by  the  intensity  of  its 
sound.  When  we  are  acquainted  with  the  usual  intensity  of  its  soimd, 
we  can  judge  of  its  distance ;  and  vice  versd,  when  we  know  its  distance, 
we  can  at  once  form  an  idea  of  its  real  strength  of  tone  from  that  with 
which  our  ears  are  impressed.  In  this  manner,  the  mind  may  be  affected 
with  corresponding  deceptions  through  both  senses :  for  as,  in  the  Phan- 
tasmagoria, the  figure  being  gradually  diminished  whilst  its  distance  re- 
mains the  same,  it  appears  to  the  spectators  to  recede  (the  illusion  being 
more  complete  if  its  brightness  be  at  the  same  time  diminished)  ;  so  the 
effect  of  a  distant  full  military  band  gradually  approaching,  may  be  alike 
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given  hy  a  corr^ponding  cr$icind4>  of  concealed  iustnimeiits*  It  is  upon 
the  complete  imitalion  of  the  conditions  T*'hieh  govern  our  i^eas  of  the 
intensity  and  direction,  aa  well  &s  of  the  character,  of  soujids,  that  tbtt 
deoepliona  of  the  Ventriloquist  are  founded.  A  very  curious  justance  i 
the  degree  in  which  our  auditory  interpretation  ib  aifected  by  oil 
eefiBe*percepttonB,  ia  aiTorded  bj  the  ^  Ghost'  e:!chibidon  which  hm 
cently  been  ao  popular ;  for  it  is  acarcaly  possible  to  avcwJ  refemD^ 
the  pkcM3  where  they  semt  to  be  made,  somids  which  are  really  pr«>* 
duced  elsewhere* 

<>4:0*  The  Auditory  sense,  like  the  Tisual,  may  vary  considembly  amm^ 
diHerent  indiridualB^  both  as  re^gardB  its  general  acuteness^  and  us  i 
its  diBcriminative  power  for  particular  claasea  of  impressions.  Mucli  ( 
pend^  upon  the  habit  of  aUentioa  to  its  indications ;  and  thus  it  e^mes  \ 
pass,  that  the  power  of  bearing  very  faint  sounds  and  of  recogui^ng^  their 
sotffoe,  becomes  augmented  to  a  wonderiul  de^ee  in  those  ijidividuahi 
who  are  obliged  to  trust  to  the  knowledge  thus  acquired  for  the  direction 
of  their  own  actions ;  whilst,  in  like  manner,  the  power  of  ilistinguiahifi^ 
slight  differences  in  the  pitch  of  sounds,  may  be  so  cultivated  (where  it 
is  not  congeni tally  deficient)  as  to  attain  an  intensity  that  se^ms  verT 
e:3ttraordinary  to  those  wbo  have  not  accustomed  themselves  to  listen  for 
them.  The  general  cidtivation  of  this  sense  is  perhaps  most  remarkable 
in  blind  persons,  who  have  enabled  themselves,  by  reliance  upon  it,  to  walk- 
about freely,  even  in  the  crowded  thorougbfivres  of  tlie  Jkletropolis^  and  who 
are  not  only  able  to  judge  of  the  habtts  of  individuals  whom  they  meet,  by 
the  sound  of  their  footsteps  (at  once  recognizing,  for  instance^  the  footstep  of 
a  pohcenmn  on  duty),  but  can  eveii  tell  when  they  are  parsing  a  stationafj 
object  (such  as  a  lamp-post),  provided  it  be  as  high  as  the  ear  or  nearly 
so,  by  the  reverberation  of  the  sound  of  their  own  Ibotateps,  and  can 
discriminate  between  a  lamp-post  and  a  man  standing-stiU  in  the  poeidom 
of  one,  by  the  same  means.*  The  efiect  of  habitual  attention  in  increasing 
the  discruninadve  power  for  impressions  of  one  particular  kind^  m  per- 
haps best  seeo  in  the  ability  which  is  poiaeaaed  by  certain  Conductors  of 
orchestral  performances,  to  detect  the  abghtest  departure  irom  time  or  tone 
in  the  sound  of  any  one  of  (perhaps)  a  hundred  instrmnents  that  wx% 
simultaneously  sounding,  and  to  fix  without  hesitation  upon  the  JktUty 
instrimientalist.  Seebeck,  indeed,  affirms  that  accompli^ed  mnsieiAns 
can  detect  a  difiference  in  pitch  between  two  sounds  which  only  di^er  bj 
1- 1200th  in  the  number  of  theb^  vibrations. f  According  to  tlit 
researches  of  MM.  Ren2  and  WoliF,|  our  factdty  of  esd mating  difl^eneDees 
in  the  intensity  of  sounds  is  much  less  perfect.  When  the  intensities  of 
two  sounds  are  to  one  another  as  7  to  10,  the  difference  can  be  dis- 
tinguished, but  not  when  they  are  in  the  relation  of  0  to  III.  Tb0 
advantage  resulting  from  the  simultaneous  employment  of  tb#  two  eaim 
in  distinguishing  minute  differences  in  the  Intensity  and  pitch  of  »Mtiid% 
is  well  shown  in  the  experiment  suggested  by  M,  Weber,  of  holding  ti 
wat<:hes  in  the  hand  before  one  ear,  when  it  will  be  found  that  the  suco 

*  See  the  ftj^oonnl  of  a  blixid  boQt-U«e*«el]er  giyea  bx  Mr.  H,  M^liev^  in  hi«  '< 
Ltboar  and  tlie  LoadoD  Foor^"  vol.  L  p.  402. 
f  See  Lndwig,  ^*  Fhjdologie^*^  tuL  L  e*  ISO;  iwd  Bidjurd,  '^PhjKolqgie^* 

t "  ArcbiT  f,  PhjB.  Iltilk,,"  1855. 
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give  BOTinds  can  be  distmctlj  heard,  though  they  cannot  be  distinguished 
one  from  the  other,  whilst  if  one  be  held  in  front  of  each  ear  the  two 
sounds  can  be  clearly  discriminated. 

641.  Facts  of  much  interest  have  been  ascertained,  some  of  which  have 
been  already  alluded- to  (§  452),  in  regard  to  an  occasional  difference  in 
the  rapidity  of  the  perception  of  sensory  impressions,  received  through  the 
Eye  and  through  the  Ear  respectively.  These  facts  are  the  result  of  com- 
parisons made  amongst  different  Astronomical  observers,  who  may  be 
watching  the  same  visual  phenomenon,  and  '  timing*  their  observations 
by  the  same  clock ;  for  it  has  been  remarked,  that  some  persons  see  the 
same  occurrence,  a  third  or  even  a  half  of  a  second  earlier  than  others. 
There  is  no  reason  to  suppose  from  this,  however,  that  there  is  any 
difference  in  the  rate  of  tnmsmission  of  tJie  sensory  impressions  in  the 
two  nerves.  The  &ct  seems  rather  to  be,  that  the  Sensorium  does  not 
readily  perceive  two  impressions  of  different  kinds  with  equal  distinct- 
ness ;  and  that,  when  several  such  impressions  are  made  on  the  senses  at 
the  same  time,  the  mind  takes  cognizance  of  one  only,  or  perceives  them 
in  succession.  When,  therefore,  both  sight  and  hearing  are  directed 
simultaneously  to  two  objects,  the  communication  of  the  impression 
through  one  sense  will  necessarily  precede  that  made  by  the  other.  The 
interval  between  the  two  sensations  is  greater  in  some  persons  than  in 
others ;  for  some  can  receive  and  be  conscious  of  many  impressions, 
seemingly  at  the  same  moment ;  whilst  in  others  a  perceptible  space  must 
elapse.  The  *  personal  equation*  of  each  observer  in  an  Observatory, 
has,  therefore,  to  be  determined  and  allowed-for.* 

642.  Amongst  other  important  offices  of  the  sense  of  Hearing,  is  that 
of  supplying  t£e  sensations  by  which  the  Voice  is  regulated.  It  is  well 
known  that  those  who  are  bom  entirely  deaf,  are  also  dumb ;  that  is, 
they  do  not  spontaneously  or  imitatively  form  articulate  sounds,  though 
not  the  least  defect  may  exist  in  their  organs  of  voice.  Hence  it  appears 
that  the  vocal  muscles  are  usually  guided  in  their  action  by  the  sensations 
received  through  the  Ears,  in  the  same  manner  as  other  muscles  are 
guided  by  the  sensations  received  through  themselves ;  but  when  the 
former  are  deficient,  the  action  of  the  vocal  muscles  may  be  guided  by 
the  latter  (§  525). 

*  In  all  the  best  Obseiratories,  an  arrangement  is  now  made  for  recording  obserra- 
tions  which  supersedes  the  necessity  of  timing  them  by  simnltaneons  attention  to  the 
clock.  The  observer  who  is  watching  the  transit  of  a  star  (for  example)  across  the 
meridian,  simply  presses  a  button  at  the  moment  when  he  witnesses  its  contact  with 
the  cross- wire.  This  pressure  breaks  an  electric  circuit-,  which  is  so  connected  with  a 
chronometer  as  to  stop  it  instantaneously,  and  thus  automatically  to  record  the  precise 
time  of  the  phenomenon.  Since  this  plan  has  been  adopted,  it  has  been  found  that  the 
"  personal  equation**  nearly  or  altogether  disappears;  thus  confirming  the  view  given 
above  as  to  its  dependence  on  the  distraction  of  the  attention  between  the  two  objects  of 
perception. 
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!•  Siritctur€  o/Muscuktr  Tis^tte. 

643.  Muscular  deaue^  if  mider  tliis  term  be  included  ^e 
hy  which  aU  the  sensible  movements  of  the  body  are  accomplished, 

under  three  ibrms.     The  first,  by  which  the  movements  of  ciHatei!      

are  effected^  has  hitherto  proved  too  mibtle  for  microscopical  analjais^  sad 
can  only  be  described  as  a  clear  homogeneous  and  apparently  stmcdire^ 
leas  material,  ca|iable,  however,  of  executing  very  rapid  and  energetic 
vibratory  movements,  the  object  of  which  appears  to  be  limited  to  ths 
establishment  of  currents,  usually  directed  towards  the  exterior  of  the 
body,  in  the  fluids  covering  the  surfitce  of  various  membranes ;  as  in  the 
case  of  the  respiratory  and  female  generative  tracts.    These  movemeata  do 

not  appear  to  be  m  any  way  under  the  control 
Fio.  lili  ^^  ^^^  nervous  system,  since  they  persist  long 

aiW  somatic  death;  nor  are  they  materiany 
affected  by  chemical  or  medicinal  agents^ 
unless  these  are  sufficiently  powerful  in  their 
operation  to  produce  structural  or  organic 
cbanges.  The  undulating  movements  whldi 
have  been  observed  in  the  spennatozoa  ap- 
pear to  belong  to  the  same  category  as  those 
exliibited  by  ciliated  cells. 

644,  The  second  form  of  muscular 
consists  of  flattened  bands,  which  are  atnted 
KoUilEer  to  be  composed  of  long,  fusiform 
(Fig.  141)  with  staff-shaped,  elongated  nnclei; 
the  length  of  the  cells  vailing  from  1  -5*>th  ta 
1-1 125th  of  an  inch,  and  their  breadth  frnm 
1-1 125th  to  1 -5625th  of  an  inch.  Prof,  Elhs* 
has  recently,  however,  thrown  some  doubt 
upon  the  cellular  character  of  unstriated  mvor 
cular  tissue;  and  has  described  it  as  eamposed 
of  long,  filender,  rounded  cords  of  umfbna 
width,  except  at  the  ends,  where  they  ai^  Bsti 
by  tendlnoui  tissue;  the  tibrea  being  inter- 
woven into  a  kind  of  mesbworit,  and  vaiyiag 
greatly  in  sixe  in  the  same  bundle.  1^ 
form  of  muscular  tissue  is  found  in  a  nenlf 
pure  state,  unmixed  with  other  tissue,  in  m 
nipple,  corium,  ciliary  muscle,  inteetiniil  eanili 
bladder,  prostate,  vagiim,  and  in  the  saaDir 
arteries,  veins,  and  lymphatics ;  an^  mingM 
with  much  areolar,  fibrous,  and  elastic  tissue  in  the  trabecu]^  of  the     ' 
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FtuiroTTO  celli  of  Smooth  KuM^tar 
M^n,  fpota  the  fcaal  veiu  of  Man  ,— 
a,  lira  a^ihn  in  their  nottural  iiJit?^ 
oae  of  thera   tliowjnff  the  •taflf- 

with,  jififtio  at'kl,  with  it*  nndmt  # 
brmifht  jtruQglj  iaUi  view. 


•  Se«  *' Prooeedingi  of  tJie  Eoyia  Society,"  ftil.  viu.  p.  212,  Jinil  foL  1%,  p,  S7Z, 
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and  corpora  cavernosa,  the  dartos,  the  circular  fibres  of  the  larger  arteries 
and  veins,  the  urethra,  Fallopian  tubes  and  uterus,  and  also  in  the  trachea 
and  bronchi. 

645.  The  third  variety  of  Muscular  tissue  presents  transverse  striae 
under  the  microscope,  and  occurs  in  all  those  muscles  that  are  usually 
termed  "volimtary,"  though  its  presence  in  the  heart,  rectum,  and 
pharynx  shows  that  it  is  not  limited  to  these  alone.  On  examining  the 
structure  of  a  striated  muscle  it  is  found  to  be  easily  separable  into 
coarser  or  finer  fasciculi  connected  by  means  of  areolar  tissue,  which  on 
more  minute  dissection  can  be  shown  to  consist  of  transversely  striated 
polygonal  fibres,  having,  in  Man,  an  average  diameter  of  1 -400th  of  an 
inch.  The  fibres  frequently  terminate  by  free  pointed  extremities  in  the 
muscle ;  at  other  times  they  become  continuous,  either  abruptly  or  by 
imperceptible  gradation  with  tendinous  or  strong  connective-tissue  fibres.* 
In  rare  instances  they  anastomose,  as  in  the  heart  (Skey).  During  life 
the  fibres  appear  to  be  semitransparent  and  of  soil  consistence.^  After 
death  each  fibre  can  be  split  either  longitudinally  inUyfibrillcB^  the  number 
of  which  has  been  estimated  at  six  or  seven  hundred,  or  transversely  into 
a  series  of  disks;  the  average  diameter  of  the  fibrillae  is  1 -9400th  of  an 
inch  in  man,  and  they  are  boimd  together  by  a  transparent  sheath,  the 
sarcolemma  (Fig.  142).  On  the  sur&ce  of  the  sarcolemma  and  sometimes 
in  the  interior  of  the  fibre  are  nuclei 

containing  one  or  more  nucleoli,  and  Fio.  142. 

readily  brought  into  view  by  the 
action  of  acetic  acid.  According 
to  some  observers  these  are  to 
be  r^arded  as  the  remains  of  the 
original  cells  from  which  the  mus- 
cukr  fibres  were  developed;  others  tJS'SSSSLJSroo^SXTiS^'fSS^i*' "' 
have  regarded  them  as  centres  from 

whence  new  muscular  fibres  may  originate;  others  as  the  corpuscles' 
of  the  connective  tissue  distributed  through  the  muscle,  and  there- 
fore centres  of  nutrition  analogous  to  the  lacunae  of  bone;  and  still 
more  recently  it  has  been  maintained  that  they  are  in  connection  with 
the  ultimate  terminations  of  nerves.  The  exact  structure  of  the  fibrillae 
is  still  doubtfiil.  Under  high  powers  of  the  microscope  they  appear  to 
consist  of  alternate  rectangular  light  and  dark  particles,  constituting  the 
"  sarcous  elements"  of  Mr.  Bowman.  The  dark  particles  are  thicker  than 
the  light  ones,  and  in  consequence  of  their  being  less  easily  acted-on  by 
dilute  hydrochloric  acid  and  gastric  juice,  can  be  obtained  in  a  detached 
or  separate  state  after  short  exposure  to  the  action  of  either  of  these  fiuids. 
Briicke  has  described  the  dark  particles  as  refracting  light  doubly, 
whilst  the  clear  intervening  substance  is  only  singly  refractile.J      Dr. 

*  As  in  the  tonfrae,  Hyde  Salter  in  "Cyclop.  Anat  and  Phys.,"  vol.  it.  p.  1182. 
Hoyer,  however,  maintains  that  in  such  instances  the  transparent  fibres  in  which  the 
mnscolar  fibres  apparently  terminate  are  in  reality  contractile.  See  "Reichert's 
ArchiT,"  1869,  p.  481. 

f  Kilhne  obsenred  a  Nematoid  worm  move  with  apparent  freedom  in  the  interior  of  a 
fibre ;  his  obserration  is  quoted  in  Hermann's  "  Grundriss  der  Phys./*  1863,  p.  180. 

t  Brucke  further  regards  the  dark  particles  as  uniaxial  positire  crystals,  having  their 
axis  parallel  to  the  direction  of  the  fibres,  and  as  being  composed  of  minute  solid 
doubly-refracting  particles,  which  he  terms  diidiekdcuU, 
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Martyn,*  in  examining  afortimate  specimen  of  mtiscalar  t^asaB  tindera  veiy 
high  power  ( 1200  linear), obeerved  large  and  small  aarcoTis  elements  to  occur 
alternately,  aa  had  previously  been  deecribed  by  Busk  and  Huxley  ;|  the 
smaller  ones  evidently  corresponding  to  the  faiot  transverse  line  travers- 
ing the  clear  space  long  ago  perceived  and  described  by  Br,  Sharpey  and 
the  Author,  from  careful  observation  of  Mr,  Lealaud^s  preparations.  The 
muscles  receive  a  free  supply  of  blood,  the  capiUaiy  vessels  being  arranged 
in  oblong  meshes ;  but  their  lymphatics  are  eitbeir  altogether  absent  or 
exceedingly  few  in  number.!  '^^^^  mode  of  t^-minadon  of  the  naixes  in 
muscle  has  recently  been  the  subject  of  mnch  inve8tigatiou.§  According 
to  Klihne  the  motor  nerves  divide  and  subdivide  till  the  fibres  mn  alone 
or  only  in  bundles  of  two  or  three  on  the  outside  of  the  muscular  fibres. 
After  a  short  course,  however^  they  penetrate  the  sajcolemma,  losing  at 
tJie  same  time  their  sheath  and  the  white  substance  of  Schwann ;  whikt 
the  axis  cy Under j  dipping  in  and  bniDching  amongst  the  fibrilke,  terminates 
in  a  chain  of  nuclear- like  vesicles  or  pale  ganglionic  ceUs,  fr^m  which 
extremely  delicate  pencils  or  brushes  of  fibres  may  be  oboerred  to  issue* 
Engelmaiin  describes  the  axis  cylinder  after  penetrating  the  sarcolemmat 
as  terminating  in  a  kind  of  disk  or  plate,  which  melt^  by  imperceptibk 
gradations  into  the  tissue  of  tlie  muscle  itself  Kblliker  and  Beale,  on 
the  other  hand,  deny  the  penetration  of  the  sarcolemma  by  the  ultimate 
branches  of  the  nerves,  but  describe  tliem  as  forming  a  plexus,  composed 
of  pale  fibres  of  extraordinary  tenuity  (1-1 00,000th  of  an  inch),  inter- 
mingled with  many  nuclei  lying  on  and  ramiJ^-'ing  over  the  fibres. 

C46.  The  chemical  comix»sition  of  muscular  fibre  seems  to  be  very 
uniform,  from  whatever  source  it  is  obtained*  It  is  impoaaiblo,  however, 
to  determine  it  with  precision,  on  account  of  the  difficulty  of  completely 
isolating  die  substance  of  the  fibres  from  the  areolar  tissue,  Tessda,  and 
nerves  tliat  are  blended  with  them.  According  to  the  analysis  of  v.  Bibn, 
ox-flesh  freed  from  fat  contains  in  1000  parla  776  of  water  and  224  of 
solid  substances ;  of  the  latter  20  parte  were  found  to  consist  of  sodubJe 
albumen  and  colouring  matter,  20  parts  of  gelatine,  30  porta  wer®  ^ctTaoted 
by  alcohol  J  and  the  remaining  154  parts  were  composed  of  veeeela  aasd 
syntonine,  the  latter  forming  the  basis  of  muscular  tissue,  and  beixig 
allied  to  albumen  in  its  phjsiejil  and  chemical  properties.  Amongst  4^^fl 
extractive  matters  which  have  been  discovered  by  various  chemists,  n^l^l 
be  enumerated  creatine  and  creatinine, — ^uric^  lactic,  inosinic,  formi£^ 
acetic,  butyric,  and  other  fatty  licids, — some  saccharine  compounds,  m 
inosite  and  amyloid  substance, — red  pigment,  mineral  saJts^  especially 
those  of  potassium^  and  phoaphates,  wiU>  a  certain  proportion  of  carbome 
acid  and  oxygen  gases, — Some  very  interesting  reaearches  have  been  made 
by  Hehnholtzll  on  the  chemical  chaages  induced  in  the  tissue  by  muscutar 
action.  Powerful  contractions  were  induced  by  electricity  in  the  ampii«> 
tated  leg  of  a  fr^g,  and  were  kept  up  as  long  as  the  irritability  was 

•  "Bwli'i  Arolilv,"  1802,  p.  227, 

f  Note  to  Kailiker'n  "  Mjui.  of  H ana,  flMol<jgy/*  Sjd.  Soe*  TTwis^^  vd*  L  p.  239, 

t  Teiehmanaj  ''Ba»  Sftugtider  Sjffcem,'*  iSSl^p,  100. 

I  S«o  Kahii^  **  Ceber  die  Peripheric  EndorgJtne  Jer  Motor  Ferr^ti  "  1S62  •  _ 
mann,  T.  W*,  "  Untcrauch,  lib.  d*  Zusammenhang  v.  Nenr^  u.  MtiakeUfswcr,'*  Ld] 
19ti3;  KtiUiker,  Cronnian  Lecture.  i&62  ;  Bcale»  "Arcbives  of  Medicine/*  ml 
laea,  p,  24a;  aud  'rfhilaBophical  TraHHactigna/'  \M2. 

II  ^'iUmier^a  AtcUit/'  1846. 
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retained ;  the  flesh  of  the  two  limbs  was  then  analyzed,  and  it  was  found 
that  in  every  instance  the  water  extractive  was  diminished  in  the  elec- 
trised muscle  to  the  extent  of  from  20  to  24  per  cent,  whilst  the  alcoholic 
extract  was  increased  to  about  the  same  amount,  showing  an  increase  in 
the  proportion  of  those  products  which  we  know  to  result  from  the  retro- 
grade metamorphosis  of  muscular  substance  consequent  upon  its  func- 
tional activity. — ^Ranke,*  pursuing  the  same  line  of  research,  has  shown 
that  the  diminution  in  the  contractile  power  of  an  exhausted  (tetanized) 
muscle  is  essentially  produced  by  the  presence  of  lactic  acid,  associated 
no  doubt  with  other  products  of  disintegration  in  the  substance  of  the 
tissue ;  for  whilst  the  injection  of  a  stream  of  water  containing  0*5  per 
cent  of  common  salt  into  the  vessels  rapidly  restored  the  contractile 
power  to  the  exhausted  muscle,  the  introduction  by  the  same  means  of 
the  juice  of  muscle,  and  especially  of  lactic  acid  in  solution  in  water, 
immediately  depressed  or  even  altogether  abolished  the  contractile 
property.  Hence  he  draws  the  conclusion,  that  if  due  provision  for  the 
supply  of  nutritive  and  for  the  removal  of  disintegrated  material  be  pre- 
sent, the  tissue  itself,  however  strenuously  exerted,  would  stiU  be  capable 
of  developing  force ;  and  that  tiie  failure  of  this  power  in  ordinary  circum- 
stances is  attributable  not  to  a  deficiency  of  nutritive  materials,  but  to 
inadequacy  of  the  means  requisite  for  the  carrying-off  of  the  waste  pro- 
ducts generated  by  its  action. 

647.  Development  of  Muscular  Tissue, — In  Man,  according  to  Mr. 
Lockhart  Clarke,')'  Muscular  Fibre  can  first  be  distinguished  about  the 
4th  or  5th  week  of  utero-gestation.  In  a  foetus  of  three-fourths  of 
an  inch  in  length,  it  forms  a  gelatinous  mass  consisting  of  fibres  and 
nuclei  imbedded  in  a  semifluid  granular  blastema.  In  the  formation 
of  the  fibres,  granular  processes  of  condensed  blastema  extend  from 
the  sides  or  from  around  the  nuclei,  which  are  subsequently  boimded 
by  an  investing  substance  in  the  form  of  a  band  or  fibre,  sometimes 
plain,  but  sometimes  longitudinally  fibrillated.  In  these  bands  the 
transverse  striation  first  makes  its  appearance,  and  only  subsequentiy 
extends  through  the  central  band  or  axis.  The  muscular  fibres  vary  in 
size  at  diflferent  parts,  and  they  may  sometimes  be  seen  to  increase  in 
diameter  by  the  adhesion  of  fresh  nuclei  and  fresh  processes  of  blastema. 
A  very  similar  account  has  been  given  by  Mr.  Savory  for  the  Mammalia 
generally,!  except  that  in  his  observations  the  nuclei,  at  first  irregu- 
larly distributed,  were  foimd  to  arrange  tiiemselves  with  great  regularity 
in  single  rows,  almost  in  contact  with  one  anotiier,  the  fibres  being  formed 
by  the  development  of  two  nearly  transparent  bands  enclosing  and 
bounding  the  rows  of  nuclei ;  subsequentiy  tiie  nuclei  began  to  separate 
frt>m  one  another,  and  ultimately  broke-up  into  granules  and  disappeared. 
The  striation  began  within  tiie  border  and  gradually  extended  to  the 
centre.  Increase  in  tiie  size  of  the  fibres  was  eflected  by  the  addition  of 
fresh  blastema  to  the  outer  side  of  existing  fibres.  From  both  descriptions 
it  is  obvious  that  the  essential  features  of  tiie  process  occur  not  in  tiie  nuclei, 
nor  in  cells,  as  was  originally  maintained  by  Schwann,  but  in  a  material 
which  may  be  regarded  as  intercellular  substance ;  and  Mr.  Lockhart 

•  Eeichert  and  Da  Bois-Reymond's  *' ArchW,"  1863,  p.  422. 
t  **  ProceedingB  of  the  Royal  Society,"  vol.  xi.  No.  48. 
t  See  Part  ii  of  the  "PhU.  Trans."  for  1855. 
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Clarke  regards  eren  mToIoTitaiyinuaetikrfilvcsubj'iioiiieafMtlieppQdM 
of  a  nucleated  oeU,  but  Tmtlier  as  a  kind  of  eeU-fomiadoQ,  ptvaeati^  at 
firiit  a  inicleuB  encrusted  with  bl^istemA,  arottnd  wlikii  aa  inrotingquooui 
fiubfttance  representing  the  cell- wail  is  BubaeqiaeDtl}r  derekpod. 

G48«  The  ordinary  rate  of  Nutritmn  of  tke  moseukr  tiflsn 
ufion  it«  functional  activity,  Every  exettkni  of  its  lical  oo 
involves  a  waste  or  disintegration  of  a  proportioiiftl  aiaottm  o£  ix» 
iubitanro ;  and  the  products  of  the  ehenucal  i^aii^m  whieli  tliQ  tiarae 
mfdiimrWy  undergoes  when  at  rest,  can  eaaily  be  ilioim  to  be  gpmitfy 
tneroHKeJ  in  quantity.  Hence  upon  the  piinciple  of  *  the  conaKTA- 
tion  of  force/  it  would  appear  tliat  the  power  whkli  {veriooal^  wmm~ 
fatted  i^tf  in  the  performance  of  the  acts  of  growth  and  derdofm^eiit, 
being  now  no  longer  directed  to  these  objects,  m  expended  in  tlia 
form  of  mecluinical  power  ;  the  organic  compounds  coinddeptty  aasuming 
ntiKTh  Himj>]cr  formii,  as  is  evidenced  by  the  expeiinienta  of  Helmbolts 
and  of  Dr.  Ed.  Smith,  already  referred-to  (§§  288  vii.  646),  The  increase 
of  the  demand  for  fcHod  oocosioned  hj  muscular  actiTity  is  an  indicatioii 
that  the  nutritive  operations  are  excited  by  it ;  and  the  pnrpoae  of  tl^se 
erm  nriircely  be  anything  else  than  the  reparation  of  the  loas  wbich  the 
tuuKrlo  has  sustained.  Moreover,  the  &equently  renewed  exiratdae  of 
m^iftcde,  by  producing  a  determination  of  blood  towards  them,  oootsioiit 
un  iricrcttso  in  their  niitritiou ;  30  that  a  large  amount  of  new  tiseoe  la 
clov(4()[>otl,  and  the  muaclea  augment  in  size  and  Tigonr,  This  la  trae 
riot  tiidy  of  the  whole  muscular  system  when  equally  exercised,  but  also 
tjf  nny  particular  set  of  muscles  which  is  more  used  than  another.  Of 
the  ftjrrner  wo  have  an  example  iu  thoBG  who  practise  a  system  of  gym^ 
mifitirj*  adapted  to  call  the  various  muscles  alike  into  play  ;  and  of  T  " 
hitter  in  tlio  limbs  of  individuals  who  follow  any  calling  that  habili 
requires  the  exertion  of  either  pair,  to  the  partial  exclusion  of  the  other, 
as  the  annj*  of  the  smith,  or  the  legs  of  the  opera-dancer.  But  ibis  in- 
cnjused  nutrition  cannot  take  place  unless  an  adequate  supply  of  food  be 
afforded ;  and  if  the  amount  of  nutritive  material  be  insufiicient,  the 
result  will  he  a  progressive  diminution  in  the  si^e  and  power  of  tli« 
muscles,  which  will  manifest  itself  the  more  rapidly  as  ^e  amount  of 
estertioij,  and  consequently  the  degree  of  waste^  is  greater.  Nor  c^n  it  bo 
effected  if  the  exercise  be  inceaaant,  for  it  is  during  llie  intervals  of 
repose  that  the  reparation  of  tlie  muscular  tissue  occurs  \  and  the  Mus- 
cular system,  like  the  Nervous,  may  l>e  worn-out  hj  inoes^nt  use. 
The  more  violent  the  action,  the  longer  will  be  the  period  of  flubBe<|iiQiil 
repose  required  for  the  reparation  of  the  tissue;  and  the  longest  time  will  of 
course  be  requisite  when  (as  sometimes  occurs)  the  contractility  of  tht 
muscle  is  so  completely  exhauated  by  excessive  stimulation  that  no  new  miuii- 
featation  of  it  can  be  excited.  It  does  not  appear  improbable  that  there  il 
a  provision  in  mme  IMuscle^  as  tlic  Heart  and  Respiratory  mnsclea^  by 
which  their  nutrition  is  carried-on  with  unusual  activity  during  the  shcn 
perio<l  of  ropoRo  which  intervenes  between  two  successive  contractiona. 

64L*,  But,  on  the  other  3iand^  the  muacidar  tismiet  hke  aU  the  sofl^rand 
more  decomposable  portions  of  the  organized  fabric,  has  a  liinited  t^^m  af 
existence ;  and  bonce,  even  if  its  contractility  be  not  called  into  exerdae, 
it  undergoes  a  gradiuil  disintegration,  so  soon  as  aU  tlie  nutritiv©  diftogv 
of  its  fibres  are  completed.      This  change  seems  to  1)0  a  necessary  oso-^ 
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sequence  of  the  high  temperature  of  the  bodies  of  warm-blooded  animals; 
for  it  does  not  occur  with  nearly  the  same  rapidity  in  cold-blooded 
animals,  nor  in  the  hybemating  condition  of  certain  warm-blooded 
Mammalia;  indeed,  when  the  temperature  of  the  body  is  reduced  to 
within  a  few  degrees  of  the  freezing  point,  no  chemical  change  seems 
possible  in  muscle — its  spontaneous  decay  and  its  vital  activity  being 
alike  checked.  Now,  when  a  muscle  or  set  of  muscles  in  a  warm-blooded 
animal  is  reduced  to  a  state  of  prolonged  inactivity,  from  whatever  cause, 
its  supply  of  blood  is  diminished,  and  its  spontaneous  decay  is  not  compen- 
sated by  an  equally  active  renewal ;  so  that  in  time,  the  characters  of  the 
structure  are  changed,  and  its  distinguishing  properties  are  no  longer  pre- 
sented. Thus  it  was  foimd  by  Dr.  John  Reid*  that  in  a  rabbit,  a  portion  of 
whose  sciatic  nerve  had  been  removed  on  one  side,  the  muscles  of  that  leg 
were  but  very  feebly  excited  to  contraction  by  galvanism  afler  the  lapse  of 
seven  weeks.  The  change  in  their  nutrition  was  evident  to  the  eye,  and 
was  made  equally  apparent  by  the  balance.  The  muscles  of  the  paralyzed 
limb  were  much  paler,  smaller,  and  softer  than  the  corresponding  muscles 
of  the  opposite  leg,  and  they  scarcely  weighed  more  than  half — ^being  only 
170  grains,  whilst  the  others  were  827  grains.  It  was  found  also  that  a  per- 
ceptible difference  existed  in  the  size  of  the  bones  of  the  leg,  even  after  so 
short  an  interval  had  elapsed;  the  tibia  and  fibula  of  the  paralyzed  limb 
weighing  only  81  grains,  whilst  those  of  the  soimd  limb  weighed  89  grains. 
On  examining  the  muscular  fibres  with  the  microscope,  it  was  found  that 
those  of  the  paralyzed  leg  were  considerably  smaller  than  those  of  the  sound 
limb,  presenting  a  somewhat  shrivelled  appearance,  and  that  the  longi- 
tudinal and  transverse  striae  were  much  less  distinct.  So  in  persons  whose 
lower  extremities  have  been  long  disused,  the  muscles  first  become  pale 
and  fiabby  ;  their  bulk  gradually  diminishes ;  their  contractile  force  pro- 
gressively decreases,  and  at  last  departs  almost  entirely ;  and  their  proper 
structure  is  replaced  by  a  deposit  of  fiit,  in  which  few  or  no  striated 
muscular  fibres  can  be  detected.  But  muscles  that  have  for  some  time 
remained  in  this  condition  may  be  gradually  brought  back  to  their  origi- 
nal state  by  exercise,  provided  that  the  feeblest  contractility  remains ;  for 
every  action  which  tibey  can  be  made  to  perform  determines  an  augmented 
flow  of  blood  through  the  tissue,  and  gives  rise  to  an  improvement  in  its 
nutrition,  which  in  its  turn  increases  its  contractility  and  renders  it  capable 
of  more  vigorous  action.  This  principle  is  of  great  importance  in  the 
treatment  of  the  various  forms  of  paralysis  (especially  the  hysterical),  in 
which  the  muscles  are  thrown  out  of  use  by  the  suspension  of  the  func- 
tional power  of  the  nerves;  for  when  the  latter  have  recovered  their 
capacity,  the  muscles  refuse  obedience  to  their  stimulation,  and  can  only 
be  brought  to  act  by  persevering  and  judiciously  contrived  exercise. — 
But  notwithstanding  the  energy  of  nutrition  in  muscular  tissue,  the  rapid 
interstitial  change  which  takes  place  in  it  when  actively  exercised,  and  the 
complete  restoration  of  its  normal  constitution  afler  degeneration  from 
disuse,  it  is  doubtful  if  any  true  regeneration  ever  takes  place  in  it,  when 
there  has  been  actual  loss  of  substance.  Wounds  of  muscles  are  united 
by  connective  tissue,  which  gradually  becomes  condensed,  but  the  fibres 
of  which  never  acquire  any  degree  of  contractility. 

*  *'Bdiab.  Moathly  Joam.  of  Med.  Science/*  May,  1841 ;  and  *' Physiological,  Ana- 
tomical, and  Pathological  Beaearches,'*  p.  10. 
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650.  MuEMiles  ejciat  in  two  state%  the  elongatad  atid  the  contracted ;  the 
former  m  uatuiUy  termed  their  state  of  rest,  in  which  they  immediately 
respond  to  the  apphcation  of  stimuli,  whether  direct  or  indirect,  by  pass- 
iDg  into  the  active  atate  of  contraction.  Dr.  Radcliffe*  has,  however,  ad- 
duced many  argizmenta  to  show  tliat  tlie  ordinarily  received  statement 
ahoye  given  should  be  reversed,  and  that  the  state  of  elongation  should  be 
regarded  as  the  really  active  condition  of  muscular  fibre,  in  which  all  its 
vital  properties  and  peculiarities  are  most  strongly  marked;  whilst  the 
Btato  of  contraction  is  due  to  its  being  left  to  the  iniluence  of  the  attractive 
forces  inherent  in  iti  molecules,  the  most  energetic  operation  of  which  ia 
seen  in  the  rigor  mortia.  The  physical,  chemical,  and  electrical  pro- 
perties of  muscles  differ  considerably  in  the  two  states  of  elongation  and 
contraction,  and  they  may  therefore  be  compared  together- — In  cson- 
traction  the  muBclcs  become  sofUr,  shorter,  and  thicker,  and  diminish 
slightly  in  volurae.f  Their  elasticity  and  electrical  relations  are  modi- 
fied, and  heat  and  sound  are  produced.  The  amount  of  shortening 
which  a  muscle  will  undergQ,  bears  a  direct  relation  to  the  resistance; 
and  hy  opposing  a  sufficient  resistance,  the  contractile  power  of  the  muscle 
may  be  powerfully  exerted  without  any  contraction  ttiing  place,  Undcr_ 
ordinaiy  circumstances  the  striated  muscles  do  not  contract  much  mo 
than  one-third  of  their  length,  being  restrained  by  the  mechanical 
nients  of  the  hones  and  joiutSj  and  by  the  antagonistiG  muscles.  But  if  a  loug 
muscle  of  a  firog  be  renioved  from  the  body  and  powerfully  stimulated,  it 
will  contract  to  one-fif^h  of  its  original  lengtli.  The  unstriped  fibres  will 
contract  under  favourable  circumstances  to  about  one-Uiird  of  their  length, 

65  L  The  rapidity  with  which  the  mandates  of  the  Will  are  communi- 
cated to  and  executed  by  the  Muscles  is  immeamirable ;  but  He^iholtz 
has  sliown  tliat  if  an  electric  spark,  whose  duration  does  not  exceed  one 
six-  or  seven -hundredth  of  a  second,  be  allowed  to  strike  a  portion 
of  Iresh  muscle^  a  measurable  period,  amounting  to  1  or  2-lOOths  of  a 
second,  intervenes  before  Uie  commencement  of  contraction-  Tliii?  he 
terms  the  ixsriod  of  latent  contraction  or  excitation*  The  c^sntractioa 
which  then  takes  place  is  not  sudden  and  complete^  but  is  divisible  into 
two  stages,  in  the  first  of  which  the  muscle  rapidly,  and  in  the  second 
more  slowly,  contracts  till  it  attains  its  maximum ;  it  then  bc^;ins  to 
elongate,  at  first  aiowly,  and  then  more  rapidly.  The  period  of  time  which 
elapses  from  the  instant  tliat  the  stimulus  is  applied  until  the  contra ctaoti 
is  complete,  increases  generally  witli  the  amount  of  shortening,  with  the 
heaviness  of  the  weight,  and  with  the  exhaustion  of  the  muscle.  In  the 
Frog  the  entire  time  occupied  in  the  contraction  and  subsequent  eli^^ 
tion  of  a  muscle  was  about  one-tliird  of  a  second,  of  which 

OflMMWi. 

The  pedod  of  latent  excitation  amounted  to      ,     ^     ,.     ,     .     D*OS 
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From  the  results  of  various  experiments,  Helmholtz  satisfied  himself  that 
muscles  require  a  longer  time  to  develope  their  greatest  force,  as  when 
heavy  weights  were  raised,  than  when  slight  efforts  only  were  made. 

652.  From  the  inquiries  of  Mr.  Bowman,  it  appears  that  the  act  of  con- 
traction usually  conunences  at  the  extremities  of  the  fibre;  but  it  frequently 
occurs  also  at  one  or  more  intermediate  points.  The  first  appearance 
is  a  spot  more  opaque  than  the  rest,  caused  by  the  approximation  of  a 
few  of  the  dark  points  of  some  of  the  fibrills ;  this  spot  usually  extends 
in  a  short  time  through  the  whole  diameter  of  the  fibre ;  and  the  shading 
caused  by  the  approximation  of  the  transverse  striae  increases  in  intensity. 
The  striae  are  foimd  to  be  two,  three,  or  four  times  as  numerous  in  the 
contracted  as  in  the  uncontracted  part,  and  are  also  proportionaUy 
narrower  and  more  delicate.  The  line  of  demarcation  between  the  con- 
tracted and  imcontracted  portions  is  well  defined;  but  as  the  process 
goes  on,  firesh  striae  are  absorbed  as  it  were  firom  the  latter  into  the  former. 
The  contracted  part  augments  in  thickness,  but  not  in  a  degree  com- 
mensurate with  its  diminished  length,  so  that  its  solid  parts  lie  in 
smaller  compass  than  before, — the  fluid  which  previously  intervened 
between  them  being  pressed  out  in  bullae  under  the  sarcolemma.      The 

Fio.  148. 


Hnscalar  Fibre  of  I)]rtiacnB,  showing  the  eoniraeted  ttate  in  the  centre ;  the  striie  approximated ; 
the  breadth  of  the  fibre  increaiied ;  and  the  myolemma  raieed  in  bulla  on  its  surftce. 

velocity  with  which  the  wave  of  contraction  is  propagated  through  muscle 
in  Frogs  has  been  ingeniously*  estimated  by  Aby*  to  be  about  40  inches 
per  second,  or  about  26  times  slower  than  the  propagation  of  a  stimulus 
through  the  motor  nerves. — The  peculiar  sound  heard  during  the  contrac- 
tion of  striated  muscle  may  be  perceived,  as  suggested  by  Dr.  WoUastonf 
by  placing  the  tip  of  the  little  finger  in  the  ear,  and  contracting  the 
muscles  of  the  ball  of  the  thumb,  or  by  powerfully  exerting  the  muscles 
which  close  the  jaw.  It  resembles  the  distant  rumbling  of  carriage 
wheels,  or  an  exceedingly  rapid  and  faint  tremulous  vibration,  which, 
when  well  marked,  has  an  almost  metallic  tone.  From  various  experi- 
ments made  upon  himself  and  others,  Professor  Haughton  estimates  that 
the  number  of  vibrations  varies  firom  32  to  36  per  second.  The  soimd 
may  be  readily  conceived  to  depend  upon  the  firiction  of  the  elements  of 
the  muscle,  one  upon  another,  which  must  thus  be  perpetually  taking  place 
so  long  as  it  continues  in  a  state  of  activity. — The  careful  experiments  of 
Helmholtz  with  a  thermo-electric  apparatus  of  extreme  delicacy,  have 
shown  that  in  the  muscles  of  Frogs  a  rise  in  temperature  takes  place  during 
contraction,  amounting  to  somewhat  less  than  l-3rd  of  a  d^ee  Fahren- 

•  *'Can8tatt'8  Bericht,"  1862,  pp.  8  and  151. 
t  "  PhUoBoph.  Trans.,"  1811. 
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heit.      Solger*  and  Meyarsteits  and  Thiryf  LaTe  obeerred  that  at  tlio 
ooomieiic^m^nt  of  contraction  «  muscle  becomes  seosibly   cooler  tbaa^ 
before.     Tltii  effect  kits  several  eecondfy  and  may  perhaps  be  attribnt 
to  A  diminution  of  the  specific  heat  of  muacle  in  cootractioii ;  it  is  foilowedl 
by  a  gradual  increase  in  terapersituret  wUch^  if  the  muscle  be  tet 
(K)ntinues  far  aom@  time  aller  contraction  haa  ceased;  and  proceeds,  in  i 
probjibility,  partly  from  the  continuance  of  a  more  energedc  pttxiem  i 
oxidation,  indicated  by  the  iocrcafied  production  of  carbonic  acid, ; 
partlj  from  an  increased  jlow  of  blood  tJirongh  the  Teasels  of  the  muj 
According  to  Meyerstein  and  Thirr^  the  amount  of  heat  gen^nHed 
^waya  in  proportion  to  the  aroonnt  of  work  done:. 

653.  Mu9cie&p  whether  in  the  contracted  or  dooigated  state,  poai^s 
certain  amount  of  elasticity.     By  this  term  is  meant  that  force  by  which  J 
the  particles  of  any  suhetance,  after  being  approximated  to  or  sepiufttedi 
from  one  another,  strive  to  regain  their  oiTginal  position.     The  elasticity  j 
of  mttscukr  fibre  is  small^  but  reraarlcably  perfect ;  for  although  it  i§ 
extended  considerably  by  a  light  weight,  it  recoYers  itself  completely  « 
the  removal  of  the  extending  force4     That  it  is  exceedingly  small,  ere 
during  life,  ii  shown,  as  Mansyelt  has  obser\^ed,§  by  the  iiict  ihut  m  cas 
of  panilyais  of  the  third  n^re  the  pupil  is  for  Bome  days  brought  quite 
into  the  middle  of  tlie  space  between  the  eyelids  solely  through  Uie  dasik 
contraction  of  tlie  rectus  intcmus  ;  a  proof  that  its  antagonist^  in  a  fitato 
of  elongation,  exercises  no  force  worth  speaking  of.    On  appending  ft  i 
weight  to  a  vertlcaily -suspended  fresh  muscle,  it  atHrst  elongatea  aii4d€ol| 
and  considerably  (the  primary  extension),  then  innch   more  slowly  (tba 
secondary  extension).     On  removing  the  weigbt,  the  «ame  phenomena 
appear  in  inverse  order  ;  a  considerable  primary^  and  a  more  gradual ) 
smaller  secondary  retraction.     With  small  weighta  the  Increase  in  leog 
is  proportional  to  the  weight ;   with  heavier  weights  a  greater  proporttc 
weight  is  required  to  produce  the  same  amount  of  extension^  as  is  dii 
in  the  followifig  experiment  made  by  Weber |  with  the  Hypogloesos  of  \ 
Fr<^: — 
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Haiuv^t,  howerer,  deduces  as  the  principal  result  of  his  experiments,  that 
living  mnsele  is,  at  least  within  certain  limits,  extended  in  proportion  to 


•  *'Stoiliea  dcft  Phyablog,  iDJidtuta  tn  Brcslftu/*  1863,  p-  125, 

+  Honle  imd  Pfeufler's  '^  Zeit».  f.  Hat.  Med.,"  baud  ri,  1863,  p,  45. 

X  Eeidenhnin,  "Studien,"  Berlin,  1S56  ;  and  Woijdt,  "  Miiller'*  ArctiT,**  1S57. 

§  Bms  n  ReTiewf  of  bii  work  in  Ihe  "Med.'Chir,  Ber,'*  for  1S64,  p.  443,  ^al,  i, 

II  '*  Wagner' fe  H&adworterbacb,"  band  iiL  p.  54. 
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the  increase  of  the  weights,  each  fibre  elongating  about  1  per  cent  of  its 
length  for  each  65th  of  a  grain  weight  appended  to  it.  According  to 
Wundt,  the  weight  which  is  required  to  extend  a  fresh  muscle  of  1  square 
millimetre  (l-25th  of  an  inch)  sectional  area,  twice  its  length,  is  2  oz. 
The  muscles  are  constantly  in  a  state  of  slight  tension,  as  is  shown  by  the 
separation  of  their  extremities  when  cut ;  but  it  would  obviously  have 
seriously  interfered  with  their  action  had  a  high  degree  of  elasticity  been 
conferred  upon  them,  since  antagonistic  muscles  would  have  had  this,  in 
addition  to  all  other  resistances,  to  overcome,  before  movement  could  be 
effected.  Weber  has  shown  that  the  elasticity  of  muscles  diminishes 
during  contraction.  He  applied  a  weight  of  115  grains  to  an  elongated 
muscle.  On  the  addition  of  another  weight  of  15^  grains,  the  amoimt 
of  extension  which  took  place  was  about  1 -144th  of  its  length; 
but  on  repeating  the  same  experiment  with  a  contracted  muscle,  the 
extension  was  as  much  as  l-79th  of  its  length,  showing  that  the 
extensibility  was  greater  in  the  latter  case  than  in  the  former.  The 
exhaustion  of  a  muscle  greatly  increases  its  extensibility  up  to  a  certain 
point,  after  which  it  again  diminishes.  Thus,  when  a  portion  of  muscle 
was  weighted  with  115  grains,  its  greatest  extension  occurred  when  it  had 
been  made  to  contract  43  times  ^  when  weighted  with  193  grains  afler  23 
contractions;  and  lastly,  when  weighted  with  424  grains  at  the  8th  contrac- 
tion. It  was  even  foimd  that,  by  appropriate  weighting,  a  muscle  on  being 
stimulated  to  contract  might  actuidly  become  longer  instead  of  shorter. 

654.  Electrical  delations  of  Muscle, — ^As  we  have  already  seen  in 
the  Nerves,  so  in  the  Muscles  it  is  easy  to  furnish  evidence  of  electrical 
disturbance.  The  conditions  of  the  *  Muscular  current '  have  been  made  the 
subject  of  special  investigation  by  M.  du  Bois-Reymond ;  and  the  follow- 
ing is  an  outline  of  the  results  at  which  he  has  arrived,  for  the  due  compre- 
hension of  which,  however,  it  is  requisite  that  the  terms  employed  by  him 
should  be  first  defined. — The  entire  muscle  being  composed  of  a  mass  of 
fibres,  having  a  generally-parallel  direction,  and  attached  at  their  extre- 
mities to  tendinous  structure  (which  has  in  itself  but  little  or  no  electro- 
motor power,  but  is  a  conductor  of  electricity),  it  follows  that  the  tendon 
or  ten£nous  portion  of  a  muscle  represents  a  surface  formed  by  the  bases 
of  the  muscular  fibres  considered  as  prisms,  which  may  be  designated  its 
natural  transverse  section.  On  the  other  hand,  the  fieshy  sur&ce  of  the 
muscle,  which  is  formed  only  by  the  sides  of  the  fibres  considered  as 
prisms,  may  be  regarded  as  the  natural  longitudinal  section  of  the  muscle. 
Again,  if  a  muscle  be  divided  in  a  direction  more  or  less  perpendicular 
to  its  fibres,  an  artificial  transverse  section  will  be  made ;  whilst  if  the 
muscle  be  torn  lengthways  in  the  direction  of  its  fibres,  an  artificial 
longitudinal  section  will  be  made ;  and  these  artificial  sections  show  the 
same  electric  conditions  with  their  corresponding  natural  sections.  Now, 
experiments  repeated  in  a  great  variety  of  modes  demonstrate,  that  every 
point  in  the  natural  or  artificial  longitudinal  section  of  a  muscle  is  positive 
in  relation  to  evert/  part  of  its  transverse  section,  whether  natural  or  arti- 
ficial ;  the  most  powerful  influence  on  the  galvanometer  being  produced, 
when  a  portion  of  the  surface  (or  natural  longitudinal  section)  of  a  muscle 
is  laid  upon  one  of  the  electrodes,  and  a  portion  of  the  surface  formed  by 
cutting  the  muscle  across  (or  artificial  transverse  section)  is  placed  against 
the  other.     When  the  two  tendinous  extremities  of  a  muscle  whose  form 
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h  Bymmetnc&l  or  t] early  so,  are  placed  ^tgaiuat  £he  electrodes,  the  deflecdofi 
of  the  needle  of  tlie  galYaQometer  is  but  slight;  and  the  same  la  the  case 
witli  two  transYerae  sectioDs  taken  at  equal  distauces  from  the  two  ends 
of  the  raiiscle,  and  also  with  two  poiuta  of  the  longitudinal  section  which 
are  oqtially  distant  from  the  middle  of  its  length.  But  if  the  two  pointa 
of  the  longitudinal  section  applied  to  the  electrodes  be  not  equally  distant 
from  the  centre  of  the  mnacle,  then  the  point  which  la  nearest  to  the  centre 
is  positive  to  the  one  which  is  nearest  to  the  end ;  and,  in  like  mamner, 
when  the  different  |.iarta  of  the  trans^^rse  BCction  are  tested  in  regard  to 
each  other ^  the  points  lying  nearest  the  surface  of  the  muscle  ane  fotind  to 
be  positive  to  tJiose  neiireat  its  interior.  The  intensity  of  tlie  current, 
however,  between  any  two  points  In  the  xame  aectioii^ — ^whether  ^b^uu- 
Tene  or  longitudlnal-^ii  always  incomparably  less  t^an  that  of  the 
currents  which  are  obtained  between  two  pomts  in  different  sections, 
one  in  the  longitudinal  aiid  the  other  in  the  transverse.  These  resnlw 
may  be  obtained,  not  merely  with  the  entire  Muscle^  but  i^ith  insolatcd 
portions  of  it ;  and  even,  as  we  are  assured  by  M.  du  Boisr-Rejmond, 
with  a  single  primitive  tasciculus*  Hence  there  appear  to  be  good 
grounds  for  believing  that  every  integral  part  of  the  muscular  subetanod 
is  a  centre  of  electro-motor  action,  containing  within  itself  positive 
and  negative  elements^  arranged,  as  we  liave  already  seen  in  the  Cass 

of  the  nerves  (§  453),  in  a  dipolar  series  —  -h  + — ,  —  +  4 ^     And 

further,  that  the  current  shown  by  the  entire  muscle  when  made  to  form 
port  of  a  circuit  is  a  derwed  current^  produced  by  incomparubly  more 
intense  currents  circulating  in  the  interior  of  the  muscle  around  these 
ultimate  particles  ;  varying  in  intensity  according  to  the  mode  in  which 
these  particles  are  arranged,  but  usually  increasing  both  with  tJbe  length 
and  thickness  of  the  muscle. 

655.  That  a  change  in  the  electric  Itate  of  a  Muscle  takes-place  in  the 
act  of  contraction,  had  been  ascertained  by  the  experimenta  of  Prof 
Matteucci  ;♦  but  as  he  was  only  able  to  detect  this  by  the  galvanoecopic 
frog  (the  galvanometer  which  he  employed  not  giving  unquestionabte  in* 
dications  of  it  J,  he  was  not  able  to  determine  its  nattnre  with  accuracy. 
This  has  been  accomplisbed,  however,  by  M.  du  Bois-Rojrmond ;  who 
has  shown  that  during  contraction  the  muscidar  current  is  not  increased 
(as  supposed  by  Matteucci),  but  is  diminished  and  even  reduced  to  lero. 
In  order  to  exhibit  this  phenomenon  satis&ctorily,  it  is  found  adran^igeous 
to  <^ufle  tJie  miiscle  to  contract  powerMly  or  uninterruptedly  for  as  long 
a  time  as  possible,  tlat  is,  to  tetamse  it ;  and  tliis  may  be  ejected  by 
acting  violently  on  its  nerve  by  heat,  chemical  agents,  or  a  succession  oif 
electric  shocks ;  or  by  poisoning  the  animal  with  strychnia.  In  what- 
ever mode  the  tebinized  state  is  induced,  the  same  result  follows ; — the 
needle  of  the  galvanometer  passes-over  to  the  negative  dde.  This,  haw- 
ever,  does  not  indicate  (as  might  be  at  first  supposed)  the  development  of 
a  new  curreafc  during  t]>e  contraction,  in  a  direction  opposite  to  that 
which  prevails  during  rest;  but,  according  to  M.  du  Bois-Reymond,  h  is  the 
consequence  of  the  *  secondary  polarity  *f  which  is  evolved  in  the  plaAinum 

*  Se^  bi»  suooeaaivo  Memoirs  in  "Phllos.  TmniajHi."  for  IMS,  1S47,  and  1S5U* 
t  When  tbe  electromotor  body  is  rcraovfid,  and  the  two  electtiodttt  (pUtiDam  ftliki 
itomemed  in  n  sntumted  fiolniion  of  comtnon  salt)  are  cooitccied  b^  twine  impMfe^ 
coDduotmg  bod;,  a  aecoiidary  cmraot  ia  maaifqsted  in  tbo  ruTerte  direciioa  to  tbe  fini, 
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electrodes,  as  soon  as  thei  muscular  current  is  diminished ;  the  needle 
passing  from  the  positive  to  the  negative  side,  as  soon  as  the  current  of 
the  secondary  polarity  becomes  more  powerful  than  the  original  muscidar 
current.  This  negative  deflection  of  the  needle  at  the  moment  of  con- 
traction, is  always  proportionate  to  the  actual  intensity  of  the  current  of 
the  muscle  while  at  rest ;  and  it  ceases  as  soon  as  the  tetanic  contraction 
ceases,  after  which  the  muscular  current  gradually  recovers  its  previous 
intensity. — Dr.  Radcliffe*  has  offered  a  different  explanation  of  the  pheno- 
mena, and  has  endeavoured  to  show  that  ^^  the  primary  electrical  condi- 
tion of  living  muscle,"  as  well  as  of  living  nerve  "  during  the  state  of  in- 
action, is  that  of  statical  electricity,"  and  that  the  muscular  current  and 
nerve  current  which  may  pass  from  the  muscle  or  nerve  during  the  state 
of  inaction  are  only  secondary  phenomena.  He  r^ards  the  absence  of 
indications  of  electricity  during  the  Contraction  of  muscle  as  simply  due 
to  a  discharge  of  the  natural  statical  electricity  resident  in  the  muscle,  the 
presence  of  which  had  previously  maintained  the  muscle  in  an  elongated 
state.  It  appears,  however,  certain  that  the  contraction  of  a  muscle  is  at- 
tended with  a  marked  diminution  of  its  electromotive  power ;  a  feet  which 
seems  to  harmonize  well  with  the  general  views  already  adverted-to  in 
r^ard  to  the  *  Correlation  of  Forces ;'  the  changes  which  operate  to  pro- 
duce disturbance  of  electric  equilibrium  whilst  the  muscle  is  at  rest,  being 
concerned  in  the  development  of  motor  power  when  it  is  thrown  into 
contraction.  This  alteration  has  been  demonstrated  by  M.  du  Bois- 
Reymond  in  the  living  animal,  after  the  following  manner.  ^lie  two 
feet  of  a  live  frog  were  immersed  in  the  two  connecting  vessels,  but  one 
of  the  legs  was  paralyzed  by  division  of  its  sciatic  plexus ;  the  muscular 
currents  of  the  muscles  of  the  two  limbs  neutralized  each  other,  so  long 
as  they  remained  at  rest ;  but  upon  the  frog  being  poisoned  with  strych- 
nia, so  that  tetanic  convulsions  ocjpurred  in  one  limb  whilst  the  other 
remained  motionless,  the  current  in  the  former  limb  was  weakened, 
whilst  that  of  the  other  remained  imaffected,  and  a  deflection  of  the 
needle  took  place,  indicating  an  upward  current  in  the  paralyzed  limb 
and  a  downward  current  in  the  tetanized  one.  The  same  thing  may  be 
shown  in  the  Human  subject,  by  dipping  the  forefingers  of  the  two  hands 
into  the  two  conducting  vessels  connected  with  the  galvanometer,  so  that 
the  two  arms  are  included  in  opposite  directions  in  the  circuit ;  when  if, 
aft;er  the  needle  (which  usually  undergoes  a  temporary  disturbance  on 
their  first  immersion)  has  come  to  a  state  of  rest,  all  the  muscles  of  one  of 
the  arms  be  strongly  and  permanently  contracted,  so  as  to  give  them  the 
greatest  possible  tension  without  changing  the  position  of  the  arm,  the 
needle  is  instantly  deflected,  always  indicating  a  current  hoin  the  hand  to 
the  shoulder,  that  is,  an  upward  current  in  the  contracted  arm.      Hence, 

the  needle  being  deflected  to  the  other  side ;  this  is  caused  by  the  electro-chemical  reac- 
tion of  the  substances  which  the  current  of  animal  electricity  has  erolred  on  the  pla- 
tinum plates  by  means  of  its  electrolytic  action  ;  and  its  occurrence  is  often  a  useful  and 
valuable  confirmation  of  the  first  result,  as  showing  that  the  primary  deflection  really 
was  the  consequence  of  the  presence  of  an  electromotor.  When  the  electromotive  action, 
moreover,  is  very  weak,  it  may  be  made  more  evident  by  reversing  the  position  of  the 
electromotor,  without  first  replacing  the  connecter ;  so  that  the  action  which  it  will  then 
exert  in  the  reverse  direction,  will  be  strengthened  by  the  secondary  current  developed 
by  the  previous  action. 

*  In  his  "  Lectures  on  Epilepsy,  Pain,  Paralysis,  and  certain  other  Disorders  of  the 
Nervous  System/*  1864. 
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ftccordiDg  to  the  explanation  just  given,  tbe  contracted  arm  pUyn  tlie  ] 
of  tbe  negative  metal  in  the  circuit,  in  regard  to  the  arm  whose  mt 
remuiii  in  the  Btate  of  relaxation,  showing  that  the  normal  current  will  be 
a  downward  one. — This  change^  however,  ia  ao  extremely  slight,  that  a 
very  delicate  galveinometer  is  requisite  to  render  it  perceptible.      Ita 
mtensity  depends  very  much  on  the  muscular  enei^  of  the  experimenter; 
iind  even  the  greater  power  which  the  tight  arm  usually  posaeases  beeomea 
perceptible  in  the  greater  deflection  of  the  needle  when  it  is  put  in  action.* 
65  S.  The  contractmty  of  the  muBcles  may  he  called  into  play  either 
directly  by  stimuli  appUed  to  the  tissue  itself,  or  indirectly  by  agenli 
exciting  the  motor  nerves.     The  contraction  which  £>llowa  in  the  1    ^ 
instance  m  termed  by  Schiff  neuro-muscular,  and  in  the  striated  mn 
JA  sudden,  general,  and   energetic;    but  when  mechanical    irritation 
directly  applied  to  a  moscle  the  tissue  itself  responds  to  the  stimulus,  pro^* 
ducing  what  Schiff  has  termed  idio-rauscukr  contractiou*     It  mB.y  foe 
observed  in  the  mamicr  first  described  by  Dr.  Stokcsf  by  percussing  the 
pectoraiis  muscle  of  emaciated  patients^  or  by  drawing  the  hack  of  a  knj^ 
across  a  muscle  after  aU  signs  of  irritability  on  the  appli<^tion  of  stimuli 
to  the  motor  nerve  have  ceased ;  and  presents  itself  as  a  swelling  or  intu- 
mescence  a  few  lines  broad  and  high,  but  varying  with  tlie  strength  of  the 
blow,  lasting  for  four  or  ^re   seconds,    and   slowly    disappearing,      A 
further  phenomenon  has  been  noticed  in  the  same  muscles  bj  Auerbach| 
after  an  energetic  blow;  namely,  a  wave  or  undulating  contraction,  pro- 
ceeding from  either  side  of  the  local  intumescence  of  Schiff,  and  propA* 
gating  itself  to  the  extremity  of  tlie  muscle  at  the  rate  of  about  eighteen 
inches  per  second.     The  breadth  of  the  waves  m  about  a  quarter  of  an 
inch  at  their  base,  and  they  gradually  die  out  as  they  spread  &om  the 
point  struck*     It  Is  doubtful  whether  both  of  these  appearances  are  not 
due  simply  to  a  prolonged  contractjpn  of  the  muscle,  resulting    from 
exhaustion  of  its  contractility  at  the  excited  spot.     Sudden  variations  of 
temperature  induce  persistent  contraction  of  muscular  tissne ;   thus  the 
legs  of  a  frog,  dipped  into  water  at  a  temperature  either  as  high  as  13rt* 
or  as  low  as  25^  Fahr.,  become  tetanized.     As  r^ards  chemical  agents, 
some  appear  to  act  with  equal  energy  in  producing  contraction^  whether 
applied  to  the  muscle  or  to  the  motor  nerve,  as  solutions  of  potaah  and 
soda  ]   others,  as  creosote,  alcohol,  pure  lactic  acid,  and  glycerine,  act  on 
the  muscle  through  the  nervc^  but  possess  little  stimulating  |»ower  what 
directly  applied  to  the  muscle ;   and  others  again  excite  energetic  conlno* 
tion  when  made  to  act  immediately  on  the  muscle,  but  scarcely  operafte 
through  the  nerve,  as  sulplmte  of  copper  and  ammonia.  § 

•  Of  tbtfl  T617  remftrkablo  eiperiment,  which  wm  firtt  made  by  M,  dtt  BoU^B^rmoiid, 
the  AutEior  hu  himself  {through  thnt  genttemnn's  kindneAa)  beeti  a  wittie«s ;  «ad  li^ 
cannot  eatoftain  tlie  loant  doubt  m  U>  the  fffuuinfneM  of  the  pheiiQnicnoa.^-Tha  muxtm 
of  M.  da  BotB-Rejmc»Dd  in  then  uid  Bimtkt  iDTeetigntioga^  is  dunhtloss  dn«  in  great  pul 
%o  the  mttnralloUH  neniitlTeiMiBa  of  the  giUnitiDmetflr  h«  emplojs,  the  coil»  of  which  can- 
aist  of  ihrermiie*  of  wire,  m  will  u  to  the  perfection  of  the  Tartoa§  nrwmgcmeDta  bf 
which  he  b  finablcHi  to  aroid  or  eUmlnata  Bouncy  of  error  \  hot  it  lanst  be  attributed  ia 
great  [>iirt  oho  to  the  pbilosopbic  method  on  which  his  ioquixJee  are  plAaodL,  aad  to  i^ 
ik-tli  and  pen^vcranoe  with  which  they  arc  carried 'owt.  - 

t  **0n  DJBeaia  of  th«  Chert,"  p.  397. 

t  ''Abhjyjd,  derSehlCTTrig  Q«»ella.,"  1861,  p.  294. 

f  See  Dr.  Duffin'a  paper  *  Oo  Moicolar  CootracUoti,'  io  Beale^B  "  Arohiveg  of  M«. 
elufi^^Tal  iii.  p.  Ii7  ^  and  Kiihoein  **Arcbk  L  Annt.  tind  PhyBJologie^''  18S9,  p,  SU 
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657.  The  contractions  of  the  Heart  present  some  differences  from  those 
of  ordinary  striated  muscidar  tissue,  probably  depending  upon  the  peculiar 
arrangement  of  its  fibres,  whereby  the  contraction  of  one  set  gives  a 
mech£U[iical  stimulation  to  others ;  for  the  muscular  substance  of  a  large 
part  of  the  organ  is  thrown  into  rapid  and  energetic  contraction  by  a 
stimulus  applied  at  any  one  point,  and  this  contraction  is  speedily  followed 
by  relaxation,  which  is  again  succeeded  by  a  number  of  alternating  con- 
tractions and  relaxations.  On  the  other  hand,  if  we  apply  a  similar  irri- 
tation to  a  portion  of  non-striated  fibre,  as  that  of  the  Intestinal  Canal,  the 
&!sciculus  which  is  stimulated  will  contract  less  suddenly,  but  ultimately 
to  a  greater  amoimt ;  its  relaxation  will  be  less  speedy,  and  before  it  takes 
place,  other  &sciculi  in  the  neighbourhood  begin  to  contract ;  their  con- 
traction propagates  itself  to  others,  and  so  on.  In  this  manner  consecutive 
contractions  and  relaxations  may  be  produced  through  a  considerable  part 
-of  the  canal  by  a  single  prick  with  a  scalpel.  Again,  in  the  muscular 
structure  of  the  Bladder  and  Uterus  (when  the  latter  is  fully  developed), 
direct  irritation  excites  immediate  and  powerful  contractions,  which 
extend  beyond  the  fasciculiis  actually  irritated,  and  produce  a  great 
degree  of  abortening ;  but  they  do  not  alternate  in  the  healthy  state  with 
any  rapid  and  decided  elongation.  Similar  phenomena  may  be  observed 
on  irritation  of  the  smaller  arteries. — The  effects  of  electrical  stimulation 
applied  to  the  muscles  themselves  are  very  similar ;  but  it  is  more  difii- 
cult  to  confine  the  irritation  to  particular  &sciculi  of  a  voluntary  muscle, 
and  more  easy  to  throw  the  whole  mass  into  contraction  at  once  by  the 
transmission  of  a  slight  charge  through  it ;  and  on  certain  forms  of  the 
non-striated  fibre  the  electric  stimulus  produces  effects  more  decided  than 
can  be  evoked  in  any  other  way.  The  difference  in  the  endowments  of 
the  two  kinds  of  tissue  is  particularly  well  seen  when  they  are  subjected 
to  the  magneto-galvanic  apparatus,  which  transmits  a  rapid  succession  of 
alight  electric  shocks ;  for  these  in  the  striated  muscles  inunediately  excite 
a  state  of  rigid  contraction,  which  lasts  as  long  as  the  stimulus  is  trans- 
mitted, but  ceases  immediately  that  it  is  withdrawn ;  whilst  in  the  non- 
striated  fibres  the  contraction  is  slowly  excited,  sometimes  alternates  with 
rest,  and  continues  for  a  time  after  the  electric  discharges  have  ceased. 
Of  this  form  of  contractility,  the  muscular  coats  of  the  smaller  arteries 
afford  a  particularly  good  example ;  for  they  may  be  made  to  contract  by 
the  magneto-galvanic  apparatus  imtil  they  become  quite  impervious  to 
blood ;  and  yet  the  contraction  neither  takes  place  immediately  upon  the 
application  of  the  stimulus,  nor  does  it  give  place  to  relaxation  directly 
that  it  is  intermitted.* 

658.  On  the  other  hand,  when  the  Stimuli  which  excite  muscular  con- 
tractility are  applied  to  the  nerves  which  supply  any  muscle  composed  of 
striated  fibre  (the  heart  only  excepted),  they  produce  a  simultaneous  con- 
traction in  the  whole  muscle,  the  effect  of  the  stimulus  being  at  once 
exerted  upon  every  part  of  it.  In  order  to  obtain  the  full  contraction  of 
a  muscle  by  irritation  applied  to  the  nerves,  it  is  requisite  that  the  stimulus 
should  be  applied  for  a  certain  length  of  time  ;  thus  Budgef  found  that 
when  an  electric  current  was  passed  through  the  cervical  region  of  the 

•  See  Prof.  Weber's  researches  on  this  subject  in  Wagner*s  "  Handwdrterboch  der 
Physiologie/*  Art.  'Mnslcelbewegnng,'  and  **Muller's  Archir,"  1847)  band  iL 
t  ««Phy8iologie,"  1862,  p.  660. 
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fipinal  cord  of  a  rabbit  for  the  space  of  balf  a  fieeond,  the  pupil  dilated 

about  one- sixth  of  an  inch ;  but  on  continuing  the  application  for  tltree 
second  a,  dilatation  occurred  ta  the  extent  of  nearly  one- third  of  an  inch. 
In  all  caaes  relaxation  speedily  alternates  with  conlractionf  unless  the 
operation  of  the  stimulus  be  continued — as  when  an  electric  curreut  ia 
propagated  without  intermigaion  along  the  nerve-trunks — in  which  caao 
the  contraction  laats  as  long  as  the  stimulus  is  continuoualj  applied,  but 
ceases  aa  soon  as  it  is  witlidrawn.  The  singular  "  inhibitory'*  effectB 
produced  by  Irritation  of  soma  nerves,  as  the  pueumogastric  and  planch- 
nic,  have  already  (§§74,  21(j)  been  alluded-to;  but  ftirther  expminenta 
are  fitill  recjuired  before  it  can  be  admitted  that  any  nerve  cao  reaUy 
transmit  a  *^  stimulus  to  relaxation"  on  the  part  of  the  muscle  to  whlc^  it 
is  distributed, 

659.  The  general  &ct  that  relaxation  alternates  with  cotitxsction 
at  no  long  intervals,  is  most  evident  in  the  rhythmical  movements  of 
the  Heart*  atid  in  the  perbrtaltic  action  of  tlie  Intestinal  Canal ;  since  in 
these  parts  the  whole  or  a  large  proportion  of  die  fibres  seem  to  contract 
together,  and  then  shortly  relax.  But  this  is  probably  no  leaa  true  of 
the  individual  fibres  of  those  muscles  which  are  kept  in  contmction  by  a 
stimulus  transmitted  through  their  nerves ;  since  none  of  them  appear, 
under  ordinary  circumstances  at  least,  to  remain  in  a  contracted  staiie  for 
any  length  of  time,  a  constant  interchange  of  condition  taking  place 
among  the  fibres,  some  contracting  while  others  are  relaxing,  and  via 
versd.  It  is  difficult  to  speak  with  confidence,  however,  in  r^ard  to  thd 
coudition  of  the  individual  fibres  of  a  muscle  that  is  thrown  into  a  stale 
of  cotdmued  spamiodic  contraction.  Whether  the  individxml  fibres  in  such 
instances  maintain  a  state  of  ooQtraction  without  mtermiaaion,  or  whether 
the  contraction  of  the  entire  muscle  is  kept- up  by  a  continual  iuterchiingie 
of  the  fibres  actuahy  engaged,  is  a  very  curious  subject  ibr  inquiry. 

660,  Muscles  do  not  lose  their  Irritability  immediately  on  the  gtnerol 
death  of  the  system^  %yhich  iniist  be  considered  ss  taking  place  when  the 
circulation  ceases  without  the  power  of  renewal ;  in  cold-blooded  animali 
it  is  retained  much  longer  after  this  period  than  in  the  higher  VertebTata, 
in  some  of  which  it  disappears  within  an  hour.  The  muscles  of  joujig 
animals  generally  retain  their  irritability  for  a  longer  time  than  tlioae  rf 
adults ;  on  the  other  hand,  those  of  Birds  lose  their  irritability  aoooer 
than  thoee  of  Mammalia.  Hence,  as  a  general  rule,  the  duration  of  the 
irritability  is  inversely  as  the  amoimt  of  respiration.  From  experuneuts 
on  the  bodies  of  executed  criminab  who  were  previously  in  good  health, 

*  Some  canoas  rhjthaiicnl  mofetneDta  h&ve  beea  obserred  bj  M.  Braim^SlqQant 
("  Gax.  M£d.,''  1319)  in  th^^  diaphragin^  Id  thfi  intcrcoistAla,  &nd  in  tame  of  themtuclei  of 
JocomotioD^  both  after  death  And  after  sqction  of  their  n€rT€s  duiing  life»  Tfaese  iBOVi- 
menta  doald  not  h6  in  any  waj  dependent  npon  reflex  actio u^  hecanspB  thej  took  pUoa  vhra 
the  mnAcles  were  compktelj  cut  off  from  the  Dervona  oentres.^  aoaietimea  to  the  attmber  ef 
from  5  to  20  in  a  miriate,  and  ft>r  &&  long  as  a  quarter  of  nn  hoar  iJlier  death  ;  and  oM** 
siciunllj  recurred  in  living  animali  for  many  months  aJkrwarda,  especially  wheo  thi 
respiratiou  waa  impelled  ^nd  the  clreulaibu  humed.  Of  a  aitniliir  aatim  u%  ths  Tibt«- 
torj  moTcmenta  of  the  mascles  of  the  tongue  wLtaesaed  hf  SehifT  afWr  ■eetioa  of  1i« 
HrpogloaaalB  ("  Phyaiologie,"  1S5&,  p.  17?) ;  aufl  we  iqaj  perhapi  refer  %o  iht  Muneeite- 
gory  the  Irembling  moTementB  of  tLe  hands  and  h^ad  la  old  nge,  in  eeriala  fonoa  d 
p«i%ljda,  and  in  habitttftt  draakorda  and  ainokera.  All  these  eases  ftinuah  eTidenoe  of  ft 
teadeacj  to  rhythmical  movemi^nts  b  tha  mnacleB  theiiise1?e%  altogether  in  ~ 
the  OKcitemeai  to  action  which  thty  rvc^irc  throiigh  the  nerroni  syitem* 
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Nysten  ascertained  that  in  the  Human  subject  the  irritability  of  the 
several  muscular  structures  disappears  in  the  following  time  and  order : — 
The  left  ventricle  of  the  heart  first,  the  intestinal  canal  at  the  end  of  45 
or  55  minutes,  the  urinary  bladder  nearly  at  the  same  time,  the  right 
ventricle  after  the  lapse  of  an  hour  ;  the  oesophagus  at  the  expiration  of 
an  hour  and  a  half,  the  iris  a  quarter  of  an  hour  later ;  the  muscles  of 
animal  life  somewhat  later;  and  lastly,  the  auricles  of  the  heart,  especially 
the  right,  which  in  one  instance  contracted  imder  the  influence  of 
galvanism  16  J  hours  after  death.  It  will  be  presently  shown  that  the 
departure  of  the  irritability  is  essentially  dependent  upon  the  cessation  of 
the  circulation,  and  that  it  may  be  prevented  from  disappearing,  and  may 
even  be  recalled  after  it  has  ceased  to  manifest  itself,  by  transmitting  a 
current  of  arterial  blood  through  the  muscles. 

661.  Muscular  Irritability  is  deadened  by  many  substances,  and  especially 
by  those  which  have  a  narcotic  or  sedative  action  on  the  nervous  system. 
In  carbonic  acid  gas,  hydrogen,  carbonic  oxide,  or  sulphurous  acid  gas, 
muscles  contract  very  feebly,  or  not  at  all,  when  stimulated ;  whilst  in 
oxygen  they  retain  tieir  irritability  longer  than  usual.  Narcotic  sub- 
stauices,  such  as  a  watery  solution  of  opium,  when  applied  directly  to  the 
muscles,  have  an  immediate  and  powerful  effect  in  diminishing  or  even 
destroying  their  irritability  ;  this  effect  is  also  produced,  though  in  a  less 
powerful  degree,  by  injecting  these  substances  into  the  blood.  In  the 
same  manner  venous  blood  charged  with  carbonic  acid,  and  deficient  in 
oxygen,  has  the  effect  of  a  poison  upon  the  muscles,  diminishing  their 
irritability,  when  it  continues  to  circulate  through  them,  to  such  a  degree 
that  they  sometimes  lose  it  almost  as  soon  as  the  circulation  ceases,  as  is 
seen  in  those  who  have  died  from  gradual  and  therefore  prolonged 
asphyxia.  The  unfavoiu-able  influence  of  venous  blood  is  also  shown  in 
the  Morbus  Coeruleus,  patients  affected  with  which  are  incapable  of  any 
considerable  muscular  exertion.  Although  most  of  the  stimuli  which 
occasion  the  contraction  of  muscles,  when  directly  applied  to  their  fibres, 
operate  also  when  applied  to  tlieir  motor  nerves,  the  same  does  not  hold 
good  in  regard  to  those  agents  which  diminish  irritability.  It  is  a  fact  of 
some  importance  in  relation  to  the  disputed  question  of  the  connection  of 
muscular  irritability  with  the  nervous  system,  that  when,  by  the  application 
of  narcotic  substances  to  the  nerves,  their  vital  properties  are  destroyed,  the 
irritability  of  the  muscle  may  remain  for  some  time  longer,  showing  that  the 
latter  must  be  independent  of  the  former. — The  effects  produced  by  the 
Woorara  and  Upas  Antiar  poisons  in  this  respect  are  exceedingly 
curious,  and  have  been  carefully  studied  by  Bernard*  and  others.  Woorara 
(and,  according  to  Kolliker,  Conia  also)  appears  to  act  directly  upon  the 
motor  nerves,  whilst  Cyanide  of  Potassiiun  and  the  poison  of  the 
Upas  Antiar  abolish  the  irritability  of  the  muscular  tissue  itself  The 
evidence  given  by  Bernard  in  proof  of  these  statements  is  very  satisfactory, 
for  he  has  shown  that  the  cause  of  death  after  the  administration  of  a 
suflSicient  dose  of  Woorara  is  the  cessation  of  the  respiratory  movements 
owing  to  paralysis  of  the  motor  nerves ;  for  not  only  has  it  been  proved 
by  V.  Bezold  that  by  this  agent  the  rapidity  of  the  conduction  of  stimuli 

*  See  his  Lecture  in  "Med.  Times  and  Gazette,"  1860,  vol.  ii. ;  also  A.  v.  Bezold  in 
''*Moiiat8  Bericht  der  Berlin.  Akad.,"  1859 ;  and  Martin-Magron  andBoisson  in  '* Journal 
de  la  Fhysiologie,*'  1860. 
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tlirotigli  tbe  motor  nerves  is  greatlj  reduced  wnd  ultimately  abolisbecl^ 
but  it  is  certain  that  perfect  recovery  may  talie  place  if  jirtifiGial  rc^iim- 
tion  be  maintained  for  a  sufficient  length  of  time  to  enable  the  poison  to 
be  elimiuated  from  the  system  or  decomposed  within  it ;  whilst  in  foDtii^^s, 
and  during  the  earlier  stages  of  existence  of  fishes  and  other  animals  that 
are  not  directly  dependent  upon  muscular  movements  for  the  aeration 
of  their  bloofl,  this  being  accomphshed  by  the  umbilical  vesicle^  UttJo  or 
no  injurious  effect  is  experienced^  the  animals  continuing  to  swim  a^iotit 
in  a  watery  solution  of  the  poison  without  apparent  inconvenienee.  That 
the  sensory  nerves  arc  not  affected  seems  to  be  proved  by  the  experi- 
ments of  Kfilliker  and  FunkCj  who  observed  tlmt  reflex  actions  conld 
readily  be  excited  in  parts  kept  free  by  the  ligatiure  of  their  vessels  from 
the  circulation  of  poisoned  blood,  on  pricking  or  pinching  the  skin  of 
parts  poisoned  by  the  admission  of  blood  containing  Woorara,  The  influ- 
ence of  the  poison  seems  to  be  first  felt  by  the  peripheral  exbreraities  of 
the  nerves,  and  its  paralyzing  effect  gradually  extends  centripetally 
through  the  tninks  of  the  nerves.*- — An  additional  arg^imient  may  l>c  men- 
tioned in  favour  of  the  essential  independency  of  muscular  irritabilitj^  in 
the  circumstance  that,  although  BpontaQeouB  movements  occur  in  the 
muscles  of  erobryoB,  the  muscles  cannot,  in  tJie  earlier  pcri<xls  of  futaJ 
iifcj  be  incited  to  contract  by  stimuli  directly  applied  to  their  nerves, — 
Dr.  Ilarlessf  again  found  that  when  the  Nervous  system  had  Vieen  ren- 
dered, by  the  inhalation  of  ether,  utterly  incapable  of  conveying  a  galvanic 
stimulus  applied  either  to  the  nervons  Centres  or  to  the  nerve-tmnlJ^ 
the  same  stimulus  applied  directly  to  the  muscles  would  Lnimetliaf-/^iT 
throw  them  into  powerful  contraction.  Various  other  experitnentets  havt 
showm  that  when  the  nen^cs  supplying  the  muscles  of  a  limb  aro  dividi:^ 
and  the  aaimals  are  allowed  to  live,  excitants  applieil  to  the  nerves  beyonii 
the  point  of  division  fail  to  produce  muscular  contniction  lotsg  befuat 
they  cease  to  do  so  when  applied  to  the  muscles  themselves.  Henoe  it  b 
obvious  that  the  activity  of  the  Nervous  ^atem  is  not  essential  to  tli« 
manifestation  of  the  characteristic  endowment  of  the  Muscular. 

GG2.  We  fmd^  however,  that  sudden  and  severe  injuries  of  the  Nemntt 
centres  have  power  to  impair^  directly  and  instantaneously,  or  even  ft* 
fhstror/  the  contractility  of  the  whole  Muscular  system ;  so  that  d«t^ 
immediately  results,  and  no  irritability  subsequently  remains.  It  is  in 
this  manner  that  the  sudden^  destruction  of  Uio  brain  and  spinal  OflH 
esj>eeial]y  of  the  latter,  occasions  the  immediate  cessation  of  the  heart** 
action,  though  they  may  be  graduidhf  removed  without  any  eoDsidefy^ 
effect  upon  it.  Severe  concussion  has  the  same  effect ;  hence  the  Byncofi 
which  immcdiateh/  displays  itswif  It  is  sometimes  an  important  questM 
in  forensic  medicine,  whether  an  individual  who  has  died  from  llie  eficva 
of  a  blow  upon  die  head,  could  have  moved  from  the  place  where  thi 
blow  was  inflicted.  If  there  be  found,  as  is  frequently  tlie  case,  no  eenahir 
diiorganization  of  the  bmin,  the  death  must  be  attributetl  to  the  coo 
cusmon,  and  must  have  been  in  that  case  itmmdioH.     Vt\  on  th#  other 

*  la  FimkVa  **  Phjaiolojie''  (4th  edit.,  \mZ)  &  very  long  wctba  U  der^t^  to  m 
iMHtCFii  af  WcMjtftr^  whkb  he  coQcltiilea  by  oht^wmg  that  tlie  result*  dfexiitHinctttA  vilfc 
ihk  pcii^D  do  Dot  enable  tta  to  deeide  with  nbsulute  certaiDty  oa  U10  wtteftM  of  m 
indepaodcnt  ratiBcular  irritability.  Upon  the  whole,  hawevcr,  they  appear  in  bla 
to  faToar  thAt  tiaw. 

t  **MUJh*r'«  ArchiF;'  1847,  battd  H. 
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hand,  effusion  of  blood  has  taken  place  within  the  cranium  to  any  con- 
siderable extent,  it  is  probable  that  the  first  effects  of  the  blow  were  in 
some  degree  recovered-from,  and  that  the  circulation  was  re-established. 
It  is  not  essential,  however,  that  the  impression  should  be  primarily  made 
upon  the  Cerebro- Spinal  system.  The  well-known  fact  of  sudden  death 
not  unfrequently  resulting  from  a  blow  on  the  stomach,  especially  after  a 
full  meal,  without  any  perceptible  lesion  of  the  viscera,  clearly  indicates 
that  an  impression  upon  the  widely-spread  C83liac  plexus  of  Sympathetic 
nerves  (which  will  be  much  more  extensively  communicated  to  them  when 
the  stomach  is  full  than  when  it  is  empty)  may  cause  the  immediate 
cessation  of  the  heart's  action,  in  the  same  manner  as  a  violent  injury  of 
the  brain  or  spinal  cord.  In  all  these  cases  the  whole  vitality  of  the 
system  appears  to  be  destroyed  at  once ;  for  the  processes  which  would 
otherwise  succeed  to  the  injury,  and  which  afler  other  kinds  of  death  less 
sudden  in  their  character,  produce  evident  changes  in  the  part  of  the 
sur&ce  that  has  immediately  received  it,  are  here  entirely  prevented.  An 
instance  is  on  record  in  which  a  criminal  under  sentence  of  death  deter- 
mined to  anticipate  the  law  by  self-destruction.  Having  no  other  means 
of  accomplishing  his  purpose,  he  stooped  his  head  and  ran  violently  against 
the  wall  of  his  cell ;  he  immediately  fell  dead,  and  no  mark  of  contusion 
showed  itself  on  his  forehead.  The  same  absence  of  the  usual  results  is 
to  be  noticed  in  the  case  of  blows  on  the  stomach.  The  influence  of 
severe  impressions  on  the  nervous  system  in  diminishing,  when  it  does  not 
altogether  destroy,  muscular  irritability,  is  well  seen  in  the  operation  of 
severe  injuries  affecting  vital  organs,  or  extending  over  a  large  part  of  the 
Bur&ce,  in  depressing  the  heart's  action  ;  to  which  attention  has  already 
been  directed  (§  216). 

663.  From  a  general  consideration  of  the  phenomena  of  Irritability,  we 
can  scarcely  do  otherwise  than  acquiesce  fully  in  the  doctrine  of  Haller, 
which  involves  no  hypothesis,  and  which  is  perfectly  conformable  to  the 
analogy  of  other  depjutments  of  Physiology.  He  regarded  every  part  of 
the  body  which  is  endowed  with  irritability  as  possessing  that  property  in 
and  by  itself;  but  considered  that  the  property  is  subjected  to  excitement 
and  control  from  the  nervous  system,  the  agency  of  which  is  one  of  the 
stimuli  that  can  call  it  into  operation.  It  may  be  desirable  briefly  to 
sum  up  the  facts  by  which  this  doctrine  is  supported.  1.  The  exist- 
ence in  vegetables  of  irritable  tissues,  which  are  excited  to  contraction 
by  stimuli  directly  applied  to  themselves,  and  which  can  be  in  no  way 
dependent  upon  or  influenced  by  a  nervous  system.  2.  The  existence  in 
animals  of  a  form  of  muscular  tissue  which  is  especially  connected  with 
the  maintenance  of  the  organic  functions,  and  which  is  much  more  readily 
excited  to  action  by  direct  stimulation  than  it  is  by  nervous  agency. 
3.  The  fiict  that  by  the  agency  of  these  the  organic  functions  may  go  on 
(so  long  as  their  requisite  conditions  are  supplied)  afler  the  removal  of 
the  nervous  centres  (of  the  Cerebro- Spinal  system  at  least),  and  when  these 
were  never  present;  rendering  it  next  to  certain  that  their  ordinary 
operations  are  not  dependent  upon  any  stimuli  received  through  the  nerves, 
but  upon  those  directly  applied  to  themselves.  4.  The  persistence  of 
irritability  in  muscles,  for  some  time*  afler  the  nerves  have  ceased  to  be 
able  to  convey  to  them  the  effects  of  stimuli :  this  is  constantly  seen  in 
regard  to  the  Sympathetic  system  of  nerves,  and  the  muscles  of  organic 
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life  Upon  which  thej  operate ;  and  it  is  ihown,by  tlie  «getief  of 
to  Ive  tniG  hIbo  witli  respect  to  the  Cerebro-Spinal  system  Kud  tJie  mi 
of  AuinuiJ  life.  5.  The  continuance  of  irritAbility  in  the  muscles 
ihcir  complete  isolation  from  the  ner\'ous  centres,  ao  long  as  their  nutiitbn 
ia  nninipjiireil ;  and  the  effects  of  frequent  exercise  in  |ireTenting  the  tm- 
piirnieiit  of  t3je  nutrition  and  the  loss  of  irritability.  6.  The  recc 
of  tho  jrritjihilitv  of  muscles,  when  isolated  from  tlic  nei^oiia  c^itr^ 
it  \nm  been  exhjiusted  by  repeated  stimulation :  this  also  depends 
the  licaltliy  performance  of  t!ie  nutritive  actions.  7.  The  existence  of 
certniii  poiflons  which  appear  to  possess  a  directly  depregaing  effect  on  the 
(.*onducting  jiower  of  niotor  nerves,  without  exerting  any  intlnence  upon 
tho  irritability  of  muscles,  8.  The  existence  of  certain  tracts  of  muscular 
tiBHue,  au  those,  for  irvHtonce,  of  the  walla  of  the  imibilical  vi^sels,  whidi 
according  to  Virchow,  whilst  poBsessing  considerable  irritability,  show  no 
traco  of  nervous  tissue.  In  the  words  of  Dr*  Alison,  then,  **  the  only 
aacertained  final  cau^o  of  tdl  endowmenta  bestowed  on  nerves  in  relatioD 
to  niUHclea,  in  the  living  Iwdy,  apj>eara  to  be  not  to  make  mtii«cj«s 
irriUiblf?^  hut  to  subject  their  irritability  in  different  ways  to  the  doniiuioqo 
of  the  acts  and  feelings  of  the  mind/' — ^to  ita  volitions,  eniotions,  and 
iuMinetive  determinations.* 

iiCiL  Tlierc  can  be  no  question  that  the  condition  most  essentia  to  tlie 
niaintenmice  of  muscular  contractility  is  an  adequate  supply  of  aileria] 
lilrjod.  It  is  well  known  that  when  a  ligature  is  applied  to  a^larg^  arte- 
T\i\\  trunk  in  tlie  Human  subject,  there  is  not  only  a  deficiency  of 
sil^ility  in  tlie  surface,  but  also  a  partial  or  complete  suspend  on  of 
cular  ix>wer,  tmtil  tlie  collateral  circulation  is  established.  The 
result  has  been  constantly  attained  in  experimeiits  upon  the  lower 
animals;  the  contractility  of  the  muscle  being  impaired  or  altogeliicr 
extinguished  when  the  flow  of  blood  into  it  was  arrested,  and 
recovered  again  when  the  supply  of  blood  was  restored,— The 
ex|jerimeuta  of  M*  Brown- Sequard|  on  this  subject  are  still  inore 
factory T  as  showing  that  the  contractility  of  muscles,  whether  of  ^ 
atriated  or  nmooth  variety,  may  be  restored  by  the  transmission  of  fieraled 
blood  through  them,  after  it  has  entirely  ceased,  and  has  even  given 
place  to  cadaveiric  rigidity.  Thus  he  found  that  %vhen  he  coni^sdid 
the  aorta  and  vena  cava  of  tlie  ho<ly  of  a  rabbit  which  had  been  ecof 
time  dead,  and  in  which  tlie  cadaveric  rigidity  had  ah^eady  manifisted 
itself  for  between  ten  and  twenty  minutes,  with  the  corresponding  vemli 
of  a  living  rabbit,  so  iis  to  re-establish  the  circulation  in  the  low»  ex- 
tremittei,  the  rigidity  di appeared  in  frotu  six  to  ten  minutes^  and  in  tiro 
or  three  minutes  aJlerwards  the  muscles  contracted  on  l>eiug  stimuhited' 
He^fiubsequently  made  similar  experiments  upon  the  muscles  of  a  d«<»- 
pitiited  criminal ;  the  hand  being  selected  as  a  convenient  part  Ibr  fsht 
purpose.  It  was  not  tmtil  nearly  1 2 J  hours  after  death  that  nil  ncss 
of  irritability  h«d  left  the  musolefi,  and  the  injection  was  not  t^ommeneed 
tmtil  45  nnnutes  after  this,  cadaveric  rigidity  having  appeared  in  tbff 

*  For  tk  itood  raami!  of  the  urgumeuts  for  sod  agamst  Uie  Ibeorj  of  iad«ti^i4«st  ift** 
tnbility  in  rauacka,  see  &  pap^r  by  Dr.  IL  N.  Maclsurin  in  '' Edinb,  Med.  lawndT 
July,  1863. 

t  Bo6  '*  Qsiette  M*dic*le,"  1851,  Noi,  24  sod  2T ;  sod  "  JtmroMl  de  U  FbitfolMMb* 
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interyal.  About  half  a  pound  of  human  blood  which  had  been  defibri- 
nated  and  freely  exposed  to  the  air  so  as  to  acquire  the  arterial  tint,  was 
then  injected  at  intervals  for  about  thirty-five  minutes ;  ten  minutes  after 
the  last  injection  the  greater  number  of  the  muscles  were  foimd  to  be 
irritable,  and  these  remained  so  for  two  hours,  after  which  the  contracti- 
lity gradually  departed,  and  was  succeeded  by  cadaveric  rigidity.  The 
blood  which  had  been  injected  in  an  arterialized  condition,  issued  from 
the  vessels  quite  dark ;  and  as  this  occurred  over  and  over  again,  the 
change  of  hue  could  not  be  attributed  to  anything  else  than  the  reaction 
between  the  blood  and  the  tissues. — Similar  experiments  were  made 
twenty-seven  hours  after  death,  upon  the  muscles  of  the  foot  of  the  same 
criminal ;  but  with  an  entirely  negative  result,  save  that  the  blood  which 
was  injected  returned  of  a  considerably  darker  hue. — Still  more  recent 
experiments  have  shown  that  in  order  that,  the  muscles  should  retain 
their  elongated  condition,  it  is  necessary  that  they  should  be  supplied 
with  arterial  blood,  the  passage  of  venous  blood  through  their  capillaries 
immediately  inducing  contraction.  This  was  remarkably  exemplified  in 
an  experiment  made  by  M .  Brown- S(^quard  upon  a  pregnant  rabbit,  in 
which  the  injection  of  venous  blood  into  the  uterine  vessels  immediately 
excited  the  organ  to  contract,  and  caused  the  expulsion  of  two  or  three 
foetuses,  whilst  on  injecting  arterial  blood  all  signs  of  contraction  imme- 
diately passed  off.  It  is  doubtful  whether  the  stimulus  to  contraction  in 
these  cases  is  the  presence  of  carbonic  acid,  or  whether,  as  Dr.  Radcliffe* 
supposes,  it  is  not  rather  to  be  attributed  to  a  deficiency  of  oxygen, 
the  readmission  of  which  restores  the  vital  properties  of  the  muscle  and 
induces  its  elongation.  The  latter  view  is  certainly  supported  by  the 
violent  convulsions  which  occur  in  animals  that  are  bled  to  death  ;  and 
even  the  convulsions  which  are  witnessed  in  asphyxia,  when  the  con- 
tracted state  of  the  small  arteries  (§  299)  and  the  consequent  diminished 
transmission  of  blood  through  the  capillaries  are  borne  in  mind,  are  not 
im&vourable  to  it.  Dr.  Radcliffe  has  adduced  the  interesting  experi- 
ments of  Dr.  George  Harleyj*  upon  the  influence  of  the  addition  of 
strychnia  and  brucia  to  blood,  as  essentially  confirmatory  of  his  view ; 
since  these  poisons  prevent  the  blood  from  absorbing  oxygen,  and  their 
action  may  thus  be  said  to  be  equivalent  to  a  copious  loss  of  blood. 

665.  Whilst  the  Irritability  of  Muscles  is  gradually  departing  after 
death,  it  not  imfrequently  shows  itself  imder  a  peculiar  form ;  for,  instead 
of  producing  sudden  contractions,  speedily  followed  by  relaxation,  the 
application  of  Stimuli  then  occasions  slow  and  somewhat  prolonged  con- 
tractions, the  relaxation  after  which  is  tardy.  This  form  of  contraction 
is  seldom  seen  in  adult  Mammalia,  except  (as  will  be  presently  shown) 
when  death  has  taken  place  from  certain  diseases  that  have  a  special  in- 
fluence on  the  blood  and  muscular  system  ;  but  it  is  stated  by  M.  Brown- 
S^quardJ  to  present  itself  more  constantly  in  young  animals,  and  to  be 
(bo  to  speak)  an  exaggeration  of  the  ordinary  modus  operandi  of  their 
muscles,  which  diu*ing  life  are  much  more  slowly  thrown  into  contraction 
by  mechanical  stimuli  than  they  are  in  adults. — The  most  remarkable 

*  Iq  whose  work  "  On  Epileptic  and  Other  Convulsiye  Affections  of  the  Nervous 
Sjstem*'  (3rd  edit,  1861),  mnch  original  and  interesting  information  on  the  subject  of 
moscnlar  contractility  will  be  found. 

t  See  «  Lancet,"  1856.  %  **  Gazette  M6dicale,"  December  22,  1849. 
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manifeetfttlcms  of  it  ^ret  observed^  however,  ImvB  h&m  mmem&d  after  daati 
from  Choleraand  Yellow  Fever ;  fcria  tbeae  caem  the  muacmlar  contractions 
thougli  capable  of  being  excited  by  mccbanical  sUmulatioii  applied  to  flu 
musdea  themselves,  are  frequently  spontaneous,  and  sometimea  give  twbU 
tDovementB  atrongly  r^embling  the  ordinary  actio tis  of  the  liyiDg  ^:ate 
In  regard  to  the  occtirrenoe  of  tliis  phenomenon  after  death  from  yelloiF 
fever,  eeven&l  interesting  obaexratlona  have  been  recorded  by  Dr.  Benne 
Dowler  of  New  Orleans.*  In  one  case,  the  subject  of  which  was  m 
Irishman,  aged  twenty -eight,  the  following  series  of  movements  took  plao 
spontaneously  not  long  ailer  the  c^aation  of  the  respiration  ;  £rst  the  id 
hand  was  carried  by  a  regular  motion  to  the  throat,  and  then  to  the  crowi 
of  the  head  ;  the  right  arm  followed  the  same  route  on  the  right  ade 
the  lell  arm  was  then  carried  back  to  the  throat,  and  thencis  to  the  breml 
revenging  ail  its  original  motions,  and  6nally  ti^e  right  hand  and  arm  di< 
exactly  the  same.  IStmilar  phenomena  have  been  described  by  Mr,  N,  B 
Wardj  Mr.  Hel|>s,  and  Mr.  Barlowf  as  occnrrlng  in  tlxe  bodies  of  choler 
patients.  Matiy  circiunstancea  indicate  tliat  these  movcsnents  were  dtt> 
to  the  inherent  contractility  of  the  muscles,  and  were  not  in  imy  dcgra 
dependent  ujjon  the  openitiou  of  the  nervous  ^'stem ;  and  Dr.  Dowle 
proved  experimentidly,  by  completely  separating  limbs  which  exhibit<ei 
these  movements  from  the  trunk  of  the  body,  that  the  iufluence  ofjtM 
nervous  ^stem  was  not  in  any  degree  essential  to  their  production,  ^| 
666.  The  lUf^ornmriiB^OT  Cadaveric  rigidity  of  the  muscles,  begins  imme 
dlatiily  after  alt  indications  of  irritabiJity  have  deimrted,  but  before  any  putrc 
ikctive  change  has  commenced.  The  supervention  of  the  rigidity  u  dci 
usually  prolonged  much  beyond  seven  hours,  though  a  tetanic  st^te  at  fin 
&iglil  resembhiig  it  niay  occasionaDy  be  observed  to  occur  instantly  afte 
death  from  some  peculiar  conditions  of  the  nervous  and  muscular  systems  a 
the  moment.  In  other  instances  twenty  or  even  thirty  hours  imsiy  dapa 
before  it  shows  itself  Its  general  duration  is  from  twenty -four  to  tluity-iu 
hours,  but  it  may  pass  off  much  more  rapidly,  or  it  may  be  proloi^^  tt 
four  OT  six  days.  It  first  affects  the  neck  and  lower  jaw,  then  the  tmak 
then  the  upper  extremity,  and  finally,  the  muscles  of  the  lower  extremilMS 
In  its  depiuture,  which  is  immcdiatc^ly  followed  by  decompositios,  tJii 
same  order  is  followed.  It  is  remarkable  that  it  is  equally  inteuM  it 
muscles  which  Imve  been  panilyzed  by  Hemiplegia,  or  whose  iierv«  hm 
been  previously  severed,  provided  tliat  no  considerable  change  has  ^ikti 
place  in  tlieir  nutrition.  All  circumsUmcus  which  tend  to  oxlmust  ur  d^ 
press  the  irritability  of  the  muscles,  snch  as  death  by  slow  and  waittm 
disease,  violent  muscular  oxertion  immediately  before  denth,  or  pow«iiU 
electrical  shocks  passed  through  the  motor  nerves,  induce  tlie  early  ^ 
jiearance  and  speedy  depirture  of  this  state — putrefaction  snbseqtiaiUj 
appearing  and  progressing  rapidly.  On  tlie  otlier  himd,  when  tliegeooa 
energy  has  been  retained  up  to  a  short  period  before  death,  a^  in  pcfsoo 
who  die  from  an  accidental  cause,  or  in  animals  the  irritability  of  who* 
muscles  has  been  augmented  by  cold,  cadaveric  rigidity  seta  in  laD 
and  lasts  long,  and  putrefaction  almj  appears  late  and  progre^ea  elowi; 
Muflcles  deprived  of  blood  by  the  ligature  of  their  arteries^  €»r  by  ill 

•  "Experiiueutal  R^e^rcbes  on  the  PpHt-tDurteui  Contnn;lilitjr  of  the  Miias^rlcj^^"  1841 
+  Soa  Mr.  F*  iJnrLow'a  *  UbisorviilioKs   on    iLe  Musmliir  CootnLctiuiia  ^hix^  «■ 
MiotuUl;  occur  ufter  Death  from  Cholera,'  iu  '*  Med.  Qaxctte"  for  IM^-^Q. 
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injection  of  warm  water,  pass  into  a  state  closely  analogous  to,  if  not  iden- 
tical with  Rigor  mortis ;  and  within  certain  limits  their  powers  can  be 
restored  by  the  readmission  of  a  current  of  duly  oxygenated  or  arterial 
blood. — The  condition  of  the  muscles  in  post-mortem  rigidity  is  in  many 
respects  different  from  that  of  the  contraction  which  occurs  during  life. 
In  the  former  the  shortening  is  persistent  and  uniform,  the  elasticity  of 
the  tissue  is  increased,  it  feels  firm  and  hard,  and  there  are  no  signs  ot 
electrical  disturbance.  In  the  latter,  on  the  contrary,  there  is,  as  we  have 
seen,  a  diminution  in  the  amount  of  elasticity  and  of  firmness,  there  is 
evidence  of  a  change  in  the  state  of  electrical  tension  (negative  variation), 
and  the  contraction  is  intermittent. — Rigor  mortis  was  formerly  attributed 
to  the  coagulation  of  the  blood,  but  many  facts  are  opposed  to  this  view. 
There  is  some  evidence,  however,  in  fevour  of  the  opinion  of  Brlicke  that 
it  results  fi*om  the  coagulation  of  a  fibrinous  material  contained  in  the 
interfibriUar  juices  of  the  muscle ;  for  KUhne  has  shown  that  a  sponta- 
neously coagulable  substance  can  be  obtained  from  living  muscle  by  the 
injection  into  its  vessels  of  saline  or  saccharine  solutions,  which  evidently 
retard  the  coagulation  of  this  substance ;  and  moreover,  whilst  the  muscles 
from  which  this  spontaneously  coagulable  material  has  been  withdrawn,  are 
incapable  of  passing  into  the  state  of  Rigor  mortis,  those  which  have  already 
become  rigid  no  longer  yield  up  any  portion  of  it  to  the  injected  fluids.* 
667.  It  was  formerly  customary  to  divide  the  Muscles  into  two  groups, 
termed  the  "  volimtary"  and  "  involimtary,"  corresponding  to  the 
"striated"  and  "non-striated"  tissue  respectively,  but  there  are  various 
circumstances  which  show  that  this  system  of  classification  cannot  be 
consistently  maintained.  It  is  quite  true  that  all  the  Muscles  of  Organic 
Life  may  be  truly  styled  *  involuntary  ;'  for  although  they  are  capable  of 
being  influenced  by  emotional  and  ideational  states  of  mind,  yet  the 
Will  cannot  exert  any  direct  influence  upon  them,  only  affecting  them 
indirectly  by  its  power  of  determining  these  states.  But  over  those 
Muscles,  also  ministering  to  the  Organic  fimctions,  and  doing  so  in 
obedience  to  impulses  purely  automatic,  which  are  called  into  action  by 
the  Cranio-Spinal  nerves,  the  Will,  as  we  have  seen,  exerts  some  power  ; 
and  such,  therefore,  cannot  be  properly  regarded  as  involuntary,  since 
the  Will  can  influence  their  state ;  whilst  they  are  far  from  being  truly 
voluntary,  since  the  Will  cannot  control  their  tendency  to  automatic 
action  beyond  a  certain  limited  amount  (§  276).  On  the  other  hand, 
every  one  of  the  Muscles  usually  styled  voluntary,  because  ordinarily 
called  into  action  by  the  Will,  is  liable  to  be  thrown  into  action  involim- 
tarily ;  either  by  an  Excito-motor  stimulus,  as  in  tetanic  convulsions,  or 
by  Consensual  action,  as  in  tickling,  or  Emotionally,  as  in  laughter  or 
Kige,  or  simply  Ideationally,  as  in  somnambulism  and  analogous  states. 
Hence  although  there  are  certain  groups  of  muscles  which  are  more  fire- 
quently  acted-on  by  the  Will  than  by  any  other  impulse,  and  certain 
others  which  are  more  frequently  played-on  by  the  Emotions,  and  so-on, 
it  becomes  obvious  that  every  muscle  willed  into  contraction  by  the 
Cranio-Spinal  nervous  system,  is  capable  of  receiving  its  stimulus  to 

*  For  further  information  respecting  the  relations  between  rigor  mortis,  the  irritability 
of  the  muscle,  and  the  appearance  of  putrefaction,  see  the  Groonian  Lecture  for  1861, 
delivered  by  M.  Bruwu-Soquard  before  the  Royal  Society,  in  the  *'  Proceedings  of  the 
Royal  Society,"  vol.  xi.  p.  204. 
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niovonient  from  any  of  these  sources ;  tlie  nerve-fbrce  traiismitted 
tlie  motor- fibres,  being  issued  either  firom  tbe  Spiiyil   Card,   from  tlisii 
SenBOry  Ganglia,  or  from  t]ae  C<3rebrum,  as  tlie  case  ixoiy  be,  but  being 
in  its  nature  and  effects  the  same  in  every  inatiince. 

668,  The  grouping  or  combmation  of  ^loseukr  actiona,  wliicli  t^es 
JjkcG  in  almost  every  movement  of  one  part  of  Uio  body  «pou  another, 
must  be  attributed,  not  to  any  peculiar  sympathy  aunong  the  Musdes 
theruMilvea,  but  to  tlie  mode  in  wbidi  tJicy  are  actetUon  by  tlia  Nervous 
Centrea-  Thia  m  mi>st  obviously  tJie  case  with  regard  to  thoee  oi  the 
primarily -auto  ma  tic  class ;  but  it  can  scarcely  be  doubtful  as  to  tlioee 
of  the  secondarily -automatic  kind  (§534),  such  as  wmlkiug,  wblcb, 
though  at  first  directed  by  the  Will,  come  by  liabit  to  be  perfonoe'" 
under  conditions  esaeuti ally  the  same  with  the  preceding;  and  when  ' 
is  borne  in  miud  that  even  in  voluntary  movements  the  WiJl  grqj 
single-out  any  one  Tuiiscle  irom  the  group  with  which  it  usually 
ojierates,  so  as  to  throw  this  into  separate  contraciionH,  but  is  limited  to 
determining  the  result  (§  528),  it  seems  pretty  obvious  that  even  here 
the  grouping  is  eflect^^d  by  the  endowments  of  tlio«e  Automatic  centres 
from  which  all  the  motor  impulse  immediately  proceed  to  the  muadei, 
and  not  by  Cerebral  agency.  In  fact,  the  whole  prooeoB  by  wbifli  w© 
acfjuire  the  ]x)Wer  of  adapting  our  nm&ciiljir  actions  to  the  performance 
of  some  new  kind  of  movement, — as  in  tJie  ca^  of  an  infiint  learning  to 
walk,  a  child  learning  to  write,  an  artixan  learning  some  oeciipation 
whteli  rc^piirea  nice  manipulation,  a  musical  performer  learning  a  new 
instrumciir.,  and  so  on^ — is  found,  when  attentively  studied^  to  indieate 
that  the  Will  ia  far  from  having  that  direct  and  immediate  control  t>ver 
the  contriunions  of  the  Muscles^  which  it  is  compotily  reptlled 
possesH ;  and  that  the  of* ration  really  consists  in  the  gradual  estftblis 
ment  of  a  new  grou])ing  of  the  separate  actions,  in -virtue  of  wiiich,  t 
stimulus  of  a  Yolitionai  determination,  acting  imder  the  guidainre 
the  muscular  sensations  (§  524),  henceforth  calls  into  contraction  t 
group  of  muscles  whose  agenesis  competent  to  carry  tliat  delermini^^ 
tion  into  effect.  For  however  amenable  any  set  of  muscles  (as  tbot^e  erf" 
tlie  arm  and  hand)  may  have  become  to  the  direction  of  the  WilL  ia 
any  operations  which  they  have  been  previously  accustomed  to  perfonn, 
it  is  only  aJber  considerable  practice  that  they  can  be  trained  to  any 
method  of  combined  action  which  is  entirely  new  to  them  ;  and  erm 
if  we  attempt  to  bring  our  anatomical  knowledge  into  use  for  siich  « 
purpose,  by  mentally  fixing  upon  certain  muscles  whose  action  we  wiab 
to  intensify  and  to  associate  with  those  of  others,  we  find  that  such  it 
method  of  proceeding  affords  no  assistance  whatever,  but  ratber  teiida 
to  impede  our  progress,  by  drawing-off"  the  attention  from  the  ^  gulp 
sensations*  (visual,  muscular,  &c.),  wliich  are  the  only  regulaior»T[ 
can  be  depended-upcm  for  determining  the  due  perfonntuice  of 
volitional  mandate,^Hence  we  are  led  by  these  oonsideratiotis,  ai 
those  stated  in  tlie  preceding  jiaragraph,  to  the  conclusion,  that  die 
agency  which  directly  affects  tlie  nniscles  is  of  the  same  kind»  and 
that  it  operates  under  the  same  instrumental  conditions,  whatever  T 
the  primal  source  of  the  motor  power.  And  in  watching  the  gradn 
ac4^uirement  of  ttie  capacity  for  different  kinds  of  movement,  during  i 
periods  of  Infancy  and  Childhood  in  the  Himian  subject,  we  find  eve 
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thing  to  confirm  this  conclusion.  For  it  becomes  obvious  that  the 
acquirement  of  Volimtary  power  over  the  movements  of  the  limbSj  is 
just  as  gradual  as  it  is  over  the  direction  of  the  thoughts ;  all  the  activity 
of  the  bodf/y  as  well  as  of  the  mindy  being  in  the  first  instance  automatic; 
and  the  Will  progressively  extending  its  domination  over  the  former,  as 
over  the  latter,  until  it  brings  under  its  control  all  those  muscular  move- 
ments which  are  not  immediately  required  for  the  conservation  of  the  body, 
and  turns  them  to  its  own  uses.* 

2.  Of  the  Symmetry  and  Harmony  of  Muscular  Movements, 

669.  It  might  have  been  not  unreasonably  supposed,  a  priori^  that 
those  muscles  would  have  been  most  readily  put  into  simultaneous  con- 
traction which  correspond  to  each  other  on  the  two  sides  of  the  body ;  in 
other  words,  that  symmetrical  movements  would  be  those  most  readily 
performed.  Such,  however,  is  by  no  means  the  case  ;  for  in  many  of  our 
most  familiar  actions  we  consentaneously  exert  different  muscles  on  the 
two  sides  of  the  body.  This  is  nowhere  more  clearly  shown  than  in  the 
various  movements  that  are  required  for  the  performance  of  the  different 
acts  of  locomotion,  and  w^hich  may  here  be  briefly  noticed.  In  order  to 
maintain  the  body  in  the  erect  posture,  simple  as  the  effort  appears,  the 
concurrent  action  of  many  muscles  is  required,  as  is  clearly  diown  not 
only  by  the  numerous  and  fiitile  trials  made  by  children  before  the  power 
of  balancing  is  acquired,  but  by  the  impossibility  of  placing  a  dead  body 
in  this  position  without  support.  In  standing,  the  legs  are  more  or  less 
extended  ;  and  the  weight  of  the  trunk  is  transmitted  through  the  femora 
and  the  tibiae  and  fibulae  to  the  astragali.  These,  with  the  other  tarsal 
and  metatarsal  bones,  form  an  elastic  arch  on  either  side,  which,  whilst 
allowing  the  great  superincumbent  pressiu*e  to  be  borne  with  ease,  enables 
each  foot  to  accommodate  itself  to  irregularities  of  the  surface  of  the 
ground,  and  at  the  same  time  breaks  the  shock  or  jar  which  would  other- 
wise be  experienced  in  the  various  movements  of  walking,  running,  or 
leaping.  The  centre  of  gravity  of  the  whole  body  lies,  according  to 
Weber,  in  the  promontory  of  the  sacrum ;  but,  according  to  Meyer,  in  the 
canal  of  the  second  sacral  vertebra.  As  long  as  a  perpendicular  line 
drawn  from  this  point  to  the  earth  drops  within  the  basis  formed  by  the 
feet,  the  erect  posture  can  be  maintained  with  comparative  ease ;  if  it 
drop  outside  tliat  basis,  the  subject  must  inevitably  fall.      The  chief 

*  The  aptitude  which  is  acquired  by  practice,  for  the  performance  of  certain  actions 
that  were  at  first  accomplished  with  difficulty,  seems  to  result  as  much  from  a  structural 
change  which  the  continual  repetition  of  them  occasions  in  the  Muscle,  as  in  the  habit 
which  the  Nervous  system  acquires  of  e;Kciting  the  movement.  Thus  almost  every 
person  learning  to  play  on  a  musical  instrument,  finds  a  difficulty  in  causing  tlie  two 
shorter  fingers  to  move  independently  of  each  other  and  of  the  rest;  this  is  particularly 
the  case  in  regard  to  the  ring-finger.  Any  one  may  satisfy  himself  of  the  difficulty,  by 
laying  the  palm  of  the  hand  flat  on  a  table,  and  raising  one  finger  after  the  other,  when 
it  will  be  found  that  the  ring-finger  can  scarcely  be  lifted  without  disturbing  the  rest, — 
evidently  from  the  difficulty  of  detaching  the  action  of  the  portion  of  the  extensor  com- 
munis diffitorumy  by  which  the  movement  is  produced,  from  that  of  the  remainder  of 
the  muscle.  Yet  to  the  practised  musician,  the  command  of  the  Will  over  all  the  fingers 
becomes  nearly  alike  ;  and  it  can  scarcely  be  doubted  that  some  change  in  the  structure 
of  the  muscle,  or  a  new  development  of  its  nerve-fibres,  takes  place,  which  favours  the 
isolated  operation  of  its  several  divisions. 


1' 


698 


ON  TMl   STItUCTTCJItE  AHD   FCJKCTIOHS  OF   VCTSCUtJUl  TISSUE. 


mxisclea  cnlled  intc  piny  in  the  standing  position  am  those  which  ke^p  tlie 
bead  verttcal  on  the  spinal  column,  ba  the  recti,  obliqui,  Bt€;niomasloid% 
splenii,  complexns,  t^c,  the  extensors  of  the  spine,  aa  the  erectar^ea  ^ame 
and  theLr  prolongations,  and  the  extensors  of  the  thigh  and  leg ;  but  tlie 
oppoalte  muscles  are,  as  a  sailor  would  express  itj  *  taut'  and  readj  to  am- 
tract  instantaneously  and  iinconsciously  on  the  slightest  indicstioii  of  los 
of  equilibrium* 

670.  Walkt fig, — In  this  movement  the  body^  supported  in  a  nearly 
vertical  position,  alternately  rests  on  the  right  and  left  leg;  tlte  limb 
upon  which  it  does  not  rest  swinging  forward,  like  a  pendulum,  in  a 
remarkably  regular  mamier,  just  sufficiently  bent  to  avoid  contact  with 
tlie  ground.  The  inclination  of  the  trunk  of  the  body  ]from  the  per|)eii- 
dicular^  which  is  very  slight  in  slow  walking,  always  increases  with  the 
rapidity  of  the  step.  If  we  examine  the  successive  moTements  which 
occur  in  making  two  steps,  it  will  be  found  that  if  the  subject  be  Rtiuidhig 
firmly  with  the  left  leg  in  advance,  the  first  act  oonadats  in  raising  the  heel 
of  the  right  foot,  which  is  accomplished  by  the  gaptrocnemiud  iutd  sokus 
muscles ;  and  tite  weight  of  the  whole  body  thus  raised  ia  by  the  atmul- 
tancoua  contraction  of  the  psoas  and  ihacus  muscles  of  the  left  le^  thrown 
over  to  the  left  side,  resting  for  an  instant  upon  the  left  foot^  At  this 
period  all  the  extensors  of  the  left  1^,  the  glutfei,  the  quadricexis  extensor 
femorie,  the  tibialis  anticus,  &c.,  are  powerfully  contracted.  The  right 
leg,  the  toe  of  which  is  the  last  part  which  touches  the  ground,  now 
swings  forward,  the  knee  and  hip  joints  being  just  sufficiently  bent  to 
enable  tlie  foot  to  clear  accidental  irregulartties  of  t!ie  sui^ioe.  Lastly, 
the  right  heel  is  planted  oa  the  ground  in  front,  and  is  immediately  fol- 
lowed by  tlie  whole  sur&ee  of  the  foot ;  but  co incidentally  with  this  < 
tlje  elevation  of  the  left  heel  and  the  thromng  over  of  the  weight  of  ^ 
tnmk  to  the  right  side,  which  is  ibllowed  by  the  swinging  forward  i 
implantation  of  the  left  foot,  and  so  on  alternately-  The  weight  of  the  I  ^ 
in  the  act  of  swinging  forward  has  been  sliovm  by  Weber  to  be  materially 
diminished  by  the  pressmre  exerted  by  the  atmosphere  .in  retaining  tlui 
liead  of  the  femur  in  the  acetahulum.  Tiie  ordinary  rate  of  moreSBimi 
in  walking  for  each  person  is  to  an  imjxjrtant  extent  regulated  by  the  length 
of  the  leg,  and  the  consequent  duration  of  its  pendulum-like  oscillation. 
Vfu^ious  compensatory  movements  in  walking  occur  in  order  to  maintain 
the  equijX)ise  of  the  body ;  amongst  the  most  important  of  these  ftff 
movements  of  tlie  arms,  Ibr  whilst  the  right  leg  is  swinging  tbrwnrti*, 
twisting  of  the  tnmk  which  occiu's  at  this  period  would  britig  the  rig 
shoulder  forwards,  but  the  right  arm  at  this  moment  swings  backv 
nud  the  left  forwards,  and  by  thus  generating  a  force  in  the  on 
direction  neiitralizes  Uiia  tendency*  A  corresponding  eom% 
takes  place  when  the  left  leg  swings  forward,  and  tliis  ia  efiei 
good  walker  without  any  sensible  lateral  twisting  of  the  tnmk.*  At  1 
moment  that  the  foremost  foot  is  implanted  on  the  ground,  tlie  body  sinl( 
little,  but  rises  ngain  when  tlie  impulse  is  given  by  the  opposite  foot  leavl 
tlie  ground.  The  extent  of  this  uudiilatory  movement  is  very  small, 
exceeding  l\  inch.  The  niunber  of  ste])6  in  a  given  time,  or  tlie  jiaoo  < 
walking,  is  partly  dependent  uj^on  the  length  of  tlie  legs,  and  partly  he  ^ 
direct  mustiular  cflbj-t :  the  longer  the  leg,  tlie  &lowt?r  will  Ik;  UiL* - 
*  Soe  Bbliop  m  **  Cyclop,  of  AnaL  aad  Fbjs.,"  vok  iii.  p.  400. 
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lation ;  but  by  plantiDg  the  foot  on  the  ground  when  it  has  only  passed 
through  one-half  of  its  natural  oscillation,  the  succession  of  steps,  and 
consequently  the  rapidity  of  progress,  can  be  materially  increased,  without 
much  effort.  In  very  quick  walking  almost  every  muscle  in  the  body  is 
brought  into  play ;  the  trunk  is  considerably  inclined  forwards,  partly  for 
the  purpose  of  resisting  and  compensating  for  atmospheric  pressure,  but 
chiefly  to  enable  the  hip-joints  to  be  carried  low,  thus  increasing  the 
extent  of  groimd  which  can  be  covered  by  each  step,  whilst  at  the  same  time 
the  number  of  steps  is  greatly  increased  by  muscular  effort ;  the  period 
during  which  both  feet  are  resting  on  the  groimd  together  being  con- 
siderably shortened.  In  an  experiment  made  by  Mr.  Vasey,  the  length 
of  whose  leg  was  thirty-four  inches,  in  walking  at  the  rate  of  four  miles 
an  hour,  2000  steps  were  made  every  fifteen  minutes ;  the  length  of  each 
step  must  therefore  have  been  2*64  feet,  and  the  time  of  each  step  0*45 
second. — Quick  walking  passes  by  insensible  gradations  into  running^  the 
period  in  which  the  body  rests  upon  both  feet  becoming  shorter  and 
shorter,  imtil  at  length  there  is  a  period  between  successive  steps,  during 
which  the  body  moves  forward  imsupported  by  either  foot.  According 
to  Weber,  the  vertical  undulations  of  the  trunk  in  nmning  vary  fi-om 
3-4ths  to  4-5ths  of  an  inch,  the  duration  of  the  step  from  l-4th  to  l-5th 
of  a  second,  of  which  time  tiie  body  swings  unsupported  in  the  air  1-lOth 
of  a  second,  the  time  of  descent  being  1-1 5th  of  a  second. — In  leaping j 
the  extensor  muscles  are  brought  into  extremely  vigorous  action,  and  the 
act  may  be  accomplished  either  by  the  alternate  or  the  simultaneous  action 
of  the  legs,  as  seen  in  the  "  hop,  step,  and  jump  "  of  children.  The  essential 
difference  in  leaping  and  running  is,  that  in  leaping  the  body  is  raised  so 
high  from  the  ground,  and  for  so  long  a  period,  that  the  leg  or  legs  have 
time  to  complete  their  ftiU  arc  of  oscillation,  and  consequently  cover  the 
utmost  space  of  ground  possible.  The  extent  of  the  leap  is  of  course 
dependent  upon  the  muscular  energy  of  the  individual.* 

671.  Now  it  is  plain  that  the  grouping  of  the  muscular  movements  in 
these  different  instances  arises  out  of  its  felt  conformity  to  the  end  in 
view,  and  that  it  is  regulated  by  the  guiding  sensations  which  indicate  to 
us  the  progression  and  balance  of  the  body.  The  infant,  in  learning  to 
walk,  is  prompted  by  an  instinctive  tendency  to  put  one  foot  before  the 
other,  as  may  be  noticed  at  a  very  early  period,  when  it  is  first  held  so  as 
to  feel  the  ground  with  its  feet ;  and  in  attempting  to  balance  itself  when 
first  left  to  stand  alone,  it  moves  its  arms  with  a  like  intuitive  impulse,  not 
based  upon  experience.  AU  that  experience  does,  in  either  case,  is  to  give 
that  precise  adjustment  to  the  muscular  action,  which  makes  it  perfectly 
conformable  to  the  indications  afforded  by  the  muscular  sensations. 
Thus,  if  we  advance  each  arm  with  its  corresponding  leg,  we  feel  that  the 
balance  of  the  body  is  not  nearly  as  readily  maintained,  as  it  is  when  we 
advance  the  arm  with  the  leg  of  the  opposite  side;  and  thus,  without  any 
design  or  voluntary  determination  on  our  own  parts,  the  former  comes  to 
be  our  settled  habit  of  action.  This  kind  of  adjustment,  in  the  case 
before  us,  is  by  no  means  limited  to  the  muscles  of  the  limbs ;  for  there 

*  The  subject  of  the  locomotion  of  Man  has  been  particularly  inrestigated  by  the 
Frofrs. Weber,  whose  nt'ork  entitled '^Mechanikder  menschlich.  Gehwerkzeuge"(Gdttingen, 
1836)  has  been  translated  in  Jourdan^s  "  Encyclopcdie  Anatomique/'  torn.  ii.  See  also 
the  Art.  *  Motion'  by  Mr.  J.  Bishop»  in  **  Cyclop,  of  Anat.  and  PhysioL,"  vol.  iii. 
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h  scarcely  nny  muscle  of  tb«  tnmk  or  head,  that  is  not  exerted  witli  i 

degree  of  eonaetifeineoua  eiiergy,  howev*^r  iinconaciously  to  otjjselveftt  i 
the  act  of  walking.     Tlie   diificiUtry^   wbich  would  attend  the  voltmU 
hamionization  of  ail  these  aejiarate  a4.*tionsT  is  remarkably  evinced  hy 
fact,  tliat  no  mechanist,  lioweTer  ingenious,  has  evc^r  succe^^tled   in 
strucUng  an  automaton  tliat  should  walk  like  JIan ;   the  alternate  i 
of  the  centre  of  gravity  Iroin  one  Bide  to  the  other j  upon  bo  smiill  a  " 
fig  t!ie  huiaaii  foot  affords!,  Bimidtaaeously  ^rith  the  mQvement  hi  itdTatio 
COfiatituting  the  great  diiJjculty  of  biped  progreaaioti.     Bat  all  thia  i 
ment  h  eflected  in  our  own  orgHuifima  JtJt-  us^  rather  tlian  If  if  us  j 
of  harmonization,  when  once  fully  msistered^  being  att*^nde^l  witli  no| 
to  ouraelveaj  but  the  whole  series  of  complex  movements  being  per^armi 
in  obedience  to  the  simple  determination  to  u^ail-^  under  the  nut 
guidance  of  the  senses^   which  instantly  revea!  to  us  any  impedection 
the  performance.- — The  same  view  extends  itaeli'  reiidily  to  other  csombn 
tiona  of  disfliinilar  and  non-aynmietrical  movementsy  which  are  leas  naiur 
to  Man,  but  which  may  bo  readily  acquired  ariifiaatlt/  i£  they  ah 
monjze  in  a  common   piirpose,  and  are  under  the  guidance  of  the  i 
B0t  of  eenaatione.     Thus,  the  performer  on  the  Organ  uses  the  serep 
fingers  of  his  two  hands  to  execute  as  many  different  movements  (in  tc  _ 
different  positions,  it  may  be)  on  the  'manuid*  keys:  one  of  his  feet  ma^ 
be  on  the  'swell'  petkl,  and  the  other  may  he  engaged  in  playing  f»n  the 
*  petkl '  keys ;   but  all  these  diverse  actions  are  hfirnionized  by  their  r  '   ~ 
tion  to  the  same  aet  of  auditory  senBationa ;  and  if  the  result  be  not  ) 
which  the  performer  aiitieipaled,  an  immediate  correction  is  made. 

672,  It  would  be  easy  to  multiply  instances  of  the  same  kind,  aU  Uh 
trative  of  the  general  principle,  that  the  facility  with  which  we  vobmtaril 
combine  different  movements  is  chietiy  determined,  not  by  lljeir  »*/} 
metrical  character^  but  by  their  coftformabUness  to  a  cojumon  emi^  ajid  'i 
the  harmony  of  their  guidin(i  senmiions  w^ith  reference  to  that  end  ;*  \m 
it  will  be  desirable  to  dwell  [mrticularly  on  the  Mot^m^nts  of  the  £^ 
m  presenting  certain  points  of  peculiar  interest,  some  of  which  liave  ) 
important  bearing  on  Surgical  practice^ — It  will  be  recoUecteil  that  in 
Human  Orbit,  six  muscles  for  the  movements  of  the  eyeball  are  found  I 
the  four  Hecti,  and  the  two  Oblique  muscles.     The  preciBe  actions 
these  are  not  easily  established  by  experiment  on  the  lower  animids ;  fm 
in  all  those  which  ordinarily  maintain  the  horizontal  position,  there  is  j 
additional  muscle,  termed  the  retractor^  which  embraces  the  whole  poeteda 
portion  of  the  globe,  and  pa3ses-l>ack  wards  to  be  attached  to  the  lxjttoii_ 
of  the  orb  it.  f    If  the  origin  and  insertion  of  the  four  Recti  muscles  \m 

*  Two  dmplt^  exo^mplea,  howeTer,  m&j  be  cited,  Qf  the  diMctdt;  which  ft|i^iii|«  j 
fiimultADeouH  perform iiDce  of  moTtnoeDtii  ifaat  are  tficit  barmaDloua.  If  w«  miUmpk  \ 
ek^Ate  oDfl  {.yelid  nhLt^t  we  are  depreisaiig  the  other,  we  fijid  that  a,  cgnfliclenibla I  ^ 
is  required  to  accomptiBh  the  aotioa,  mlihoiigii  the  elevaticin  or  depresjsioQ  of  both  i 
iogetber  ia  perfornied  with  so  little  efloit  tfiit  we  are  ee&roelj  oohj&cjoiis  of  it  j 
dl&etilt;  U  iacreaaed  if  we  half  ah  13 1  both  ejei^  aod  then  trj  to  dose  otic  ftud  io 
the  other.  So  If  we  trj  to  move  our  two  hande  an  if  they  wen  ^muUttttrQUMf^  wmdUi|f 
oofd  in  oppontt  directioM  apcm  two  mil  ptocgd  in  frool  of  ub,  wc  E^hall  find  uQr»i«ht« 
niuible  to  do  so  withoat  a  ooii4t«at  tM.tmB6  of  the  atteptioa,  and  even  thru  b^t  slow  I; 
and  with  dUHoulty  ;  although  th«  verjr  ttme  moTements  ma.f  he  tep^irattl^  iKtititm^ 
or  both  haada  mnj  h«  made  thua  ta  move  in  the  §ap%e  direeii<mf  wiih  the  gtealagi 
faoilitj. 

f  This  muBcte  U  mest  developed  la  Eummatlag  aaJmaltt,  which|  during  their  vlwle 
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examined,  however,  no  doubt  can  remain  that  each  of  them,  acting  singly, 
is  capable  of  causing  the  globe  to  revolve  in  its  own  direction, — the  superior 
rectus  causing  the  pupil  to  turn  upwards, — the  internal  rectus  causing  it 
to  roll  towards  the  nose, — and  so  on.  A  very  easy  and  direct  application 
of  the  laws  of  mechanics  will  further  make  it  evident  to  us,  that  the  com- 
bined action  of  any  two  of  tlie  Recti  muscles  must  cause  the  pupil  to  turn 
in  a  direction  intermediate  between  the  lines  of  their  single  action ;  and  that 
any  intermediate  position  may  thus  be  given  to  the  eyeball  by  these 
muscles  alone.  This  fact,  which  has  not  received  the  attention  it  deserves, 
leads  us  to  perceive  that  the  Oblique  muscles  must  have  some  supplemen- 
tary function.  It  may  be  objected  that  this  is  a  theoretical  statement 
only ;  and  that  there  may  be  some  practical  obstacle  to  the  performance 
of  diagonal  movements  by  the  Recti  muscles,  which  renders  the  assist- 
ance of  the  Obliques  essential  for  this  purpose.  But  to  this  it  may  be 
replied,  that  no  single  muscle  can  direct  the  ball  either  downwards  and 
inwards,  or  upwards  and  outwards :  and  thtit,  as  we  have  good  reason  to 
believe  these  movements  to  be  effected  by  the  combination  of  the  Recti 
muscles,  there  is  no  reason  why  the  other  diagonal  movements  should  not 
also  be  due  to  them. — The  most  probable  accoimt  of  the  functions  of  the 
Oblique  muscles  of  the  eye,  seems  to  be  that  which  was  long  ago  suggested 
by  John  Himter,  and  which  has  received  confirmation  from  the  experi- 
ments of  Dr.  G.  Johnson.*  It  has  been  just  shown  that  the  action  of  the 
Recti  muscles  upon  the  pupil,  is  such  as  to  cause  it  to  revolve  in  any 
given  direction :  and  this  is  put  in  force,  not  merely  to  alter  the  range  of 
vision,  the  head  remaining  stationary ;  but  also  to  keep  the  range  of 
vision  the  same,  and  to  cause  the  images  of  the  objects  upon  which  our 
gaze  is  fixed,  still  to  fall  upon  the  same  parts  of  the  retina?,  by  maintaining 
the  position  of  the  eyes  when  the  head  is  moved  upwards,  downwards, 
from  side  to  side,  or  in  any  intermediate  direction  (§  529).  But  these 
muscles  are  not  able  to  rotate  the  eyeball  upon  its  antero-posterior  axis ; 
and  such  rotation  is  manifestly  necessary  to  preserve  the  fixed  position  of 
the  eyeball,  and  consequently  to  keep  the  image  of  the  object  under 
survey  upon  the  same  part  of  the  retina,  when  the  head  is  inclined  side- 
ways, or  is  bowed  towards  one  shoulder  and  then  towards  the  other.  It 
appears  from  the  experiments  of  Dr.  G.  Johnson,  that  the  action  of  the 
Oblique  muscles  is  exactly  adapted  to  produce  such  a  rotation :  the 
Inferior  Oblique,  in  its  contraction,  causing  the  eyeball  to  move  upon  its 
antero-posterior  axis,  in  such  a  manner  that  a  piece  of  paper,  placed  at 
the  outer  margin  of  the  cornea,  passes  downwards  and  then  inwards 
towards  the  nose  ;  and  the  Superior  Oblique  effecting  precisely  the  reverse 
action,  the  paper  at  the  outer  margin  of  the  cornea  passing  first  upwards 

time  of  feeding,  carry  their  heads  in  a  dependeut  position.  In  most  Carnivorous  animals, 
instead  of  the  complete  hollow  muscular  cone  (the  base  inclosiug  the  eyeball,  whilst  the 
apex  surrounds  the  optic  nerve),  which  we  find  in  the  Buminants,  there  are  four  distinct 
strips,  almost  resembling  a  second  set  of  recti  muscles,  but  deep-seated,  and  inserted  into 
the  posterior  instead  of  the  anterior  portion  of  the  globe.  It  is  obvious  that  the  actions 
of  these  must  greatly  affect  the  results  of  any  operations  which  we  may  perform  upon 
the  other  muscles  of  the  Orbit ;  and,  as  it  is  impossible  to  divide  the  former,  without 
completely  separating  the  eye  from  its  attachments,  we  have  no  means  of  correcting  such 
results,  but  by  reasoning  alone.  Experiments  upon  animals  of  the  order  Quadrumana, 
most  nearly  allied  to  Man,  would  be  more  satisfactory ;  as  in  them,  the  retractor  muscle 
is  almost  or  entirely  absent. 

*  *' Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iii.  p.  790. 
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Ip  bdoDg 
sod  on  «H 


and   then  inwardsu    There  was  not  the  sltglit^ct  appcsamnee,  in  ihe 
experimeDtB,  of  ekra^tioti^  depre^on,   abduction,   or  adduction,  of      _ 
csome%  aa  a  Tesoit  of  the  action  of  the  Oblique  moadea;  all  them  mofik 
menta  bei^g  attributable  to  the  Recti  aloue. 

07S.  On  studying  the  Voluntary  moTemeuta  of  die  Ejeballa^  ire  aart 
led  to  perceive  tbat  thej  are  not  ao  much  symmetrical  aa  harmo>Mia&$i 
that  IB  to  sflj,  the  corresponding  mtiacles  on  the  tiro  sideB  ai^  t%m\y  in 
action  at  once ;  whilst  such  a  harmony  or  comtnt  esdsta  hctweeti  the 
actions  of  the  muscles  of  the  two  orbita,  that  ihey  work  to  one  eotnmon 
purpose,  namely,  die  direction  of  boih  mym  towams  the  rec|uined  object 
'Fhef  may  be  arranged  under  two  groups;  the  firgt  comprising  tkow 
which  tu^  alike  harmonious  and  symmetric-al ;  the  aocond  including  thote 
which  are  harmonious  but  not  symmetrical.  To  Uie  ^firsi  group  bdoDg 
the  following  : — 1*  Both  eyeballs  are  devaUd^  by  tlie  contmction^ 
two  Superior  Recti — 2.  Both  eyeballs  are  dtpremed^  by  the 
action  of  the  Inferior  Recti  muscles. — 3.  Both  are  drawn  directly  im% 
or  inward »  and  dotvnttard&j  as  when  we  look  at  an  object  plaiaed 
near  the  nose ;  this  movement  is  effected  by  the  aetion  of  the 
Recti  of  tlie  two  sides,  with  or  without  the  Inferior  Reed.  It  is  evidontl)- 
nym metrical^  but  might  seem  at  firsl  sight  not  to  be  hfirmonious,  kecnuae 
the  eyes  do  not  move  together  towartls  one  side  or  the  other ;  it  is,  ho«* 
ever,  really  harmonious,  since  it  directs  their  axes  towiirds  the  suae 
point.*^ — Now  it  is  to  be  observed,  with  r^ard  to  these  movemeaita,  thai 
we  can  never  e^ect  them  in  antagonism  with  each  other,  or  with  thote 
of  other  mUBclea.  We  cannot,  for  example,  raise  one  eye  and  defircBa  tise 
other ;  nor  can  w-e  raise  or  depre^  one  oye^  when  we  adduct  or  abduci 
the  other.  The  explanation  of  this  will  bo  found  in  the  iact,  that  wm  i 
never,  by  so  doingt  direct  the  eyes  to  the  siimo  point,^ — The  harmc 
but  unsymmetrical  movements,  forming  the  nef:ond  elasa^  are  those 
which  tiie  Internal  and  External  Recti  of  the  two  sides  are  made  tai 
togetber,  either  alone^  or  in  conjimction  with  the  Superior  and  Infca 
Recti.  Tliey  arc  as  follows: — 4.  On^  eye  is  made  to  revolve  direet 
inwarrh^  by  the  action  of  its  Intornal  Rectus,  whilst  the  oth^^r  m  ttim« 
mtwardB  by  the  action  of  its  External  Rectus. — 5.  One  eye  is  made  _ 
revolve  ttpwanh  and  inward^f  by  the  conjoint  action  of  the  8u|ieTior  and 
Internal  Recti ;  the  olher^  ttpumrds  and  outuyanh^  by  the  coii joint  actio 
of  the  Superior  and  External  Recti. — G*  One  eye  is  made  to  revnli 
dowmvurfh  and  ttnvardB^  by  the  conjoint  action  of  the  Inferior 
Internal  Recti ;  the  other^  di^trnteard^  and  outwanh^  by  tlic  coujoi0 
action  of  the  Inferior  and  External  Recti. — In  these  movements  tH 
different  muscles,  the  External  and  Internal  Recti,  are  called  into  acti<] 
on  the  two  sides,  with  or  without  the  superior  and  inferior  Recti ;  bi 
they  are  so  employed  for  the  purpose  of  directing  the  axes  of  the  eyj 
towards  the  smm  point ;  and  altliowgh,  as  Just  noticed,  we  can  pnt  i " ' 

*  8crm«  pereoDH  eaa  effect  thm  Toltuitarily  to  n  greater  ert<?iit  ttum  other*  ;   but  < 
then,  the  J  can  onlj  aoocnnpliflb  it  by  flxiiig  the  gaze  upon  nine  ohject  9ituht«d  tictv 
the  eje« ;  ftad  canxiat  call  the  adductor  jnusales  inti^  cfoinljuied  action  in  pt^f^si  d$ 
or  if  the  li da  be  eloted.     Even  thow  vbo  have  the  leiut  power  of  effecting  tlals  i 
eonTergence  bj  mi  once  dlreetlng  the  ejes  towardt  a  Tery  ti^ir  object,  cad  a 
bj  looking  ftt  tm  object  placed  at  a  modemtc  distanee,  and  gr^D^ly  I 
nearer  to  tbe  nose,  keeping  the  eyes  st^ulily  tixed  upivn  H«     The  iinwQTit«d  dia 
Ihe  nioTement  ih  shown  in  thia^ — ibat  it  can  f^otj  be  mainiaiiiedj  even  f>r  a  «b 
by  a  strong  eflbrt,  producing  a  aerme  of  futigne. 
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two  Internal  Recti  in  action  together,  we  cannot  voluntarily  cause  the  two 
External  Recti  to  contract  together,  it  not  being  possible  that  any  object 
should  be  in  such  a  position  as  to  require  this  action  for  the  direction  of 
the  axes  of  the  eyes  towards  it. 

674.  The  greater  number  of  the  foregoing  movements  may  be  per- 
formed unconsciously  to  ourselves,  in  obedience  to  a  Voluntary  deter- 
mination to  keep  the  direction  of  the  eyes  fixed,  instead  of  to  give  motion 
to  the  eyeballs.  Thus,  if  we  gaze  steadily  at  an  object  in  front  of  us, 
and  then  depress  the  head  forwards  on  its  transverse  axis,  the  eyeballs 
roll  upwards  upon  their  transverse  axes  (1)  by  the  action  of  the  Superior 
Recti,  without  our  being  aware  of  it ;  so  if,  whilst  stUl  maintaining  the 
same  fixed  gaze,  we  raise  the  head  into  the  vertical  position  and  then 
depress  it  backwards,  the  eyeballs  are  rolled  downwards  (2)  by  the  action 
of  the  Inferior  Recti ;  if,  under  the  same  conditions,  the  h^  be  made  to 
rotate  on  its  vertical  axis  from  side  to  side,  the  eyeballs  wiU  be  made  to 
roll  on  their  vertical  axes  in  the  contrary  direction,  by  the  External  and 
Internal  Recti  (4)  of  the  two  sides  respectively ;  so,  by  causing  the  head 
to  move  obliquely  in  the  opposite  directions,  the  reverse  oblique  move- 
ments (5  and  6)  of  the  eyeballs  are  made  to  take-place  by  the  continued 
fiication  of  the  vision  upon  the  same  object.  To  these  we  have  to  add 
one  more  action,  which  cannot  be  called-forth  in  any  other  mode ; 
namely,  that  rotation  of  the  two  eyes  upon  their  antero-posterior  axes, 
which  takes-place  probably  by  the  instrumentality  of  the  Oblique  muscles, 
when  we  incline  tlie  head  to  one  side  or  the  other  by  rotating  it  upon 
its  antero-posterior  axis  (§  672).  In  all  these  movements,  as  in  the 
preceding,  the  Will  directs  the  result ;  and  there  is  no  other  difference 
between  them,  than  that  which  arises  out  of  our  consciousness  of  a 
change  in  the  one  case,  and  our  unconsciousness  in  the  other.  It  may 
here  be  remarked  that  Prof  Helmholtz*  has  recently  adopted  the  same 
view  as  that  just  expressed  in  regard  to  the  nature  of  the  volitional 
direction  and  the  influence  of  the  guiding  sensations ;  in  corroboration  of 
which  he  ftirther  mentions  the  important  fact  ascertained  by  Donders  and 
himself,  that  by  the  use  of  a  prism  before  one  eye,  both  eyes  may  be  made 
to  move  outwards,  or  one  up  and  the  other  down, — still  imder  the  same 
fundamental  law. — The  trrily  Involuntary  movements  of  the  eyeballs, 
however,  are  performed  under  very  different  conditions ;  there  being  here 
no  purposive  direction  or  fixation  of  the  gaze  ;  and  the  muscular  contrac- 
tions not  being  determined  by  visual  sensations,  but  being  called-forth 
by  nerve-force  excited  in  some  remote  part.  Of  this  we  have  an  example 
in  the  normal  revolution  of  both  eyes  upwards  and  inwards,  which  takes 
place  in  the  acts  of  coughing,  sneezing,  winking,  &c. ;  but  far  more 
remarkable  illustrations  are  presented  in  those  abnormal  movements  of 
the  eyeballs,  occurring  in  Convulsive  diseases,  in  which  thete  is  neither 
harmony  nor  symmetry. 

675.  It  has  been  stated  to  be  a  condition  of  single  and  distinct  vision, 
that  the  usual  axes  of  the  eyes  should  be  directed  towards  the  object,  in 
order  that  its  picture  should  be  thrown  upon  the  parts  of  the  two  retina) 
which  are  accustomed  to  act  together  (§  611)  ;  but  as  this  cannot  take- 
place  without  the  guidance  of  visual  sensations,  the  movements  of  the 
eyeballs  are  wanting  in  harmony  whenever  the  visual  power  has  been 
deficient  from  birth.     This    is    most  remarkably  the  case,  where  the 

♦  In  hts  Croonian  Lecture,  "Proceedings  of  the  Royal  Society,  **  April  14, 1864,  p.  193. 
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deficiency  lias  been  so  complete  that  not  even  light  can  he  dlstingliiilLed ; 
but  the  movements  lire  frequently  Tery  fer  from  being  harmonious,  in 
cases  of  congenital  cataract,  where  a  cousitlemble  amomit  of  ligbt  k 
evidently  admitted,  but  where  no  distinct  image  can  he  formed ;  and  in 
such  caseSj  the  movements  are  most  harmonions  where  the  object  is 
bright  or  iuminousT  and  more  vi^id  impressions  are  theretbi^  made  u|>oii 
the  retinae.  It  is  no  objection  to  this  doctrine  to  aay,  that  persona  who 
have  beeojfif  blind  may  still  move  their  eyes  in  a  hjirmonioua  manner ; 
eince,  the  habit  of  the  association  of  particular  Movements  haviiig  been 
once  acquired*  the  guidance  of  the  mnsclea  may  1>e  effected  by  Benaattom 
derived  from  themselves,  in  the  manner  in  which  it  takes- pi  ace  in  ihe 
larj^ngeal  movementa  of  the  deaf  and  dumb  (§  525)  ;  and,  as  a  matter  of 
fact,  a  want  of  consent  may  oflan  be  obsen^ed  where  the  blindnoss  ii 
total.  The  pecuhar  *  vacant'  appearance,  which  may  be  noticed  in  the 
countenances  of  persons  completely  deprived  of  sight  by  amanrotic  or 
other  affections*  which  do  not  alter  the  external  aspect  of  the  eyes,  se«?Tii^ 
to  result  from  tkia, — tJiat  their  axes  are  pant II el ^  as  if  the  individuHl 
were  looking  into  distant  spaoe^  instead  of  presenting  that  slight  cori- 
vergence  which  must  always  exist  between  them,  when  the  eyes  are 
fisetl  upon  a  definite  object.  This  convergencej  which  is  of  course  rej^i* 
hited  by  the  Internal  Recti ^  varies  in  degree  according  to  tlie  disUnce  of 
the  object ;  and  it  is  astonishing  how  minute  an  iilteration  in  tlic  axes  of 
the  eyes  becomes  perceptible  to  a  person  observing  them.  For  instance, 
A  sees  the  eyes  of  B  directed  towards  his  face,  but  he  perceives  that  B  is 
not  hokimj  at  him ;  he  knows  this  by  a  sort  of  intidtive  inter pretatioa 
of  the  fiict,  tliat  his  face  is  not  the  point  of  convergence  of  B's  ej^  But 
if  B,  who  might  have  been  previously  looking  at  something  nearer  or 
more  remote  than  A's  iace^  ^:s.  hia  gaze  upon  the  latler,  so  tlmt  the 
degree  of  the  convergence  of  the  axes  is  altered,  without  the  general 
direction  of  the  eyes  being  in  the  least  affected,  the  change  is  at  oncd 
perceived  by  the  person  so  regarded  ;  and  the  ej^ts  of  the  two  then  mttt 
— It  is  an  interesting  confirmation  of  the  f*rinciples  here  advocated,  thiit 
when  binocular  vision  cannot  be  obtained  by  directing  the  true  axes  d" 
the  eyes  towards  the  object,  as  happens  when  an  opnque  s|>ot  exists  upOQ 
the  centre  of  the  cornea,  or  an  artificial  pnpil  has  been  formed  at  the 
margin  of  the  iris,  there  is  an  automatic  tendency  to  the  neutmlization  of 
the  mischief,  by  such  an  action  of  the  muscles  as  shall  tiini  Uie  r^rVfiKi/ 
axis  of  the  affected  eye  (tliat  is,  the  axis  in  which  the  rays  most  directly 
enter  the  globe)  towarda  the  object,  thus  producing  Stribismua,  but  nit 
Double  Vision, 

67C.  The  physiological  principles  which  have  now  been  stated,  have 
an  important  application  in  the  treatment  of  ^tf^bismus  by  operation;  a 
practice  whose  frequent  want  of  success  is  due  in  great  part  to  tlie  inju- 
dicious selection  of  cases,  and  to  the  wrong  measures  pursuod,- — The 
degree  in  which  habit  accustoms  parts  of  the  retina?  that  did  not  orici- 
nally  correspond,  to  work -together  harmoniously,  is  remarkably  shown 
by  die  fact,  that  patients  who  have  been  long  affected  with  Convef^enl 
Btralusmua^  and  who  see  equally  well  with  both  eyes  (as  many  do),  nre 
not  troubled  with  double  vision.  On  the  other  hand,  when  a  jierson 
whose  eyes  look  straight  before  him,  is  the  subject  of  a  disorder  which 
renders  their  motions  in  any  degree  irregular,  he  is  at  once  affected  with 
double  vision.     The  same  has  been  frequently  Eoticed  as  an  Immedijtte 
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result  of  the  successfiil  operation  for  the  cure  of  Strabismus,  where  vision 
is  good  in  both  eyes ;  for  although  the  images  were  previously  formed 
on  parts  of  the  retinae  which  were  very  far  from  corresponding  with  each 
other,  yet  no  sooner  is  the  position  of  the  eyes  rectified  (so  that  the  rela- 
tion between  the  situation  of  the  images  is  the  same  as  it  would  be  in  a 
soimd  eye),  than  the  patient  sees  double.  Now  in  these  cases  the  diffi- 
culty very  speedily  diminishes,  and  the  patient  soon  learns  to  see  single. 
That  there  is  a  greater  tendency  to  consent  between  the  images,  however, 
when  they  are  formed  upon  the  parts  of  the  two  retinae  which  normally 
correspond,  may  be  freely  admitted  :  and  this  seems  to  be  a  principle  of 
some  importance  in  determining  the  re-adjustment  of  the  eyes,  after  the 
operation  for  Strabismus.  This  re-adjustment  is  not  always  imme- 
diate ;  for  aft«r  the  muscle  has  been  freely  divided,  the  eye  oft«n  remains 
somewhat  inverted  for  a  few  days,  gradually  acquiring  its  straight  posi- 
tion. The  Author  has  known  one  case,  in  which,  after  such  a  degree  of 
temporary  inversion  as  seemed  to  render  the  success  of  the  operation  very 
doubtful,  eversion  actually  took-place  for  a  short  time  to  a  considerable 
extent ;  after  which  the  axes  became  parallel,  and  have  remained  so  ever 
since. — ^Another  argument  derivable  from  the  results  of  this  operation,  in 
favour  of  the  consensual  movement  being  chiefly  regulated  by  the  corre- 
spondence in  the  seats  of  the  impressions  on  the  two  retinae,  is,  that  it  is 
much  more  successful  in  those  cases  in  which  the  sight  of  the  most  dis- 
placed eye  is  good,  than  in  those  in  which  (as  not  unfrequently  happens 
from  long  disuse)  it  is  much  impaired.  In  cases  of  the  latter  class,  the 
cure  is  seldom  complete.* 

*  In  reference  to  this  sabject,  the  Author  would  add  that  he  is  well  convinced,  from 
repeated  obsenration,  that  those  Surgeons  are  in  the  right,  who  have  maintained  that,  in 
a  large  proportion  of  cases,  Strabismus  is  caused  by  an  affection  of  both  sets  of  muscles 
or  nerves,  and  not  of  one  only ;  and  that  it  then  requires,  for  its  perfect  cure,  the  divi- 
■ion  of  the  corresponding  muscles  on  both  sides.  Cases  will  be  frequently  met-with,  in 
which  this  is  evident ;  ^e  two  eyes  being  employed  to  nearly  the  same  extent,  and  the 
patient  giving  to  both  a  slight  inward  direction,  when  desired  to  look  straight- forwards. 
In  general,  however,  one  eye  usually  looks  straight-forwards,  whilst  the  other  is  greatly 
inverted ;  and  the  sight  of  the  inverted  eye  is  frequently  affected  to  a  considerable  degree 
by  disuse;  so  that,  when  the  patient  voluntarily  rotates  it  upon  its  proper  axis,  his  vision 
with  it  is  far  from  being  distinct  Some  Surgeons  have  maintained,  that  the  inverted 
eye  is  usually  the  only  one  in  fault,  and  consider  that  the  division  of  the  tendon  of  its 
Internal  Rectus  is  sufficient  for  the  cure.  They  would  even  divide  its  other  tendons,  if 
the  parallelism  be  not  restored,  rather  than  touch  the  other  eye.  The  Author  is  him- 
self satisfied,  however,  that  the  restriction  of  the  abnormal  state  to  a  single  eye,  is  the 
exception,  and  not  the  rule,  in  all  but  very  slight  cases  of  Strabismus ;  and  to  this  opinion 
he  is  led,  both  by  the  consideration  of  the  mode  in  which  strabismus  first  takes-place, 
find  by  the  results  of  the  operations  which  have  come  under  his  notice.  If  the  eyes  of. 
an  infant  affected  with  cerebral  disease  be  watched,  there  will  frequently  be  observed  in 
them  very  irregular  movements ;  the  axes  of  the  two  being  sometimes  extremely  con- 
vergent, and  then  very  divergent.  This  irregularity  is  rarely  or  never  seen  to  be  confined 
to  one  eye.  Now,  in  a  large  proportion  of  cases  of  Strabismus,  the  malady  is  a  conse- 
quence of  some  cerebral  affection  during  infancy  or  childhood,  which  we  can  scarcely 
suppose  to  have  affected  one  eye  only.  Again,  in  other  instances  we  find  the  Strabismus 
to  have  resulted  from  the  constant  direction  of  the  eyes  to  very  near  objects,  as  in  short-, 
sighted  persons ;  and  here,  too,  the  cause  manifestly  affects  both. — Now  it  is  easy  to 
understand  why  one  eye  of  the  patient  should  appear  to  be  in  its  natural  position,  whilst 
the  other  is  greatly  inverted.  The  cause  of  Strabismus  usually  affects  the  two  eyes 
somewhat  unequally,  so  that  one  is  much  more  inverted  than  the  other.  We  will  call 
the  least  inverted  eye  A,  and  the  other  B.  In  the  ordinary  acts  of  vision,  the  patient 
will  make  most  use  of  the  least  inverted  eye,  A,  because  he  can  most  readily  look 
straight- forwards  or  outwards  with  it ;  but  to  bring  it  into  the  axis,  or  to  rotate  it  out- 
wards, necessitates  a  still  more  decided  inversion  of  B.     This  remains  the  position  of 
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3.  Emrg^f  and  Mapidit^  of  Muscuiar  Contraction. 

677*  The  energy  of  Muscular  contraction  is  of  course  to  be  most 
remarkably  observed,  in  those  instances  in  which  the  continual  e^cercbe 
of  parti  citlar  piirti  has  occasioned  an  increased  defcennination  of  blood 
towiLrcIs  them,  and  in  consequence  a  permaDeat  iucrease  of  tbeir  hoik 
(§  31C,  nu).  This  has  been  tihe  casCj  for  example,  with  persons  who  hare 
gained  their  livelihood  by  ejcJiibitiog  feats  of  ^rengl^.  Mucli  will^  of 
course^  depend  oo  the  mechanically -advantageous  applicatioii  of  muscukr 
power  \  and  in  this  manner  effects  may  be  produced,  even  by  persons  of 
ordinary  strength,  which  would  not  bave  been  tbongbt  credible.  In 
lining  a  heavy  weight  in  each  hand,  for  example^  a  person  who  keeps  \m 
back  perfectly  rigid,  so  as  to  tlirow  the  pressure  vertically  upon  the  pelvis, 
and  only  uses  the  powerful  extensors  of  the  thigh  and  calf,  by  str^ghtening 
the  knees  (previously  somewhat  flexed),  and  bringing  the  1^  to  a  right 
angle  with  the  foot^  will  have  a  great  advantage  over  one  who  uses  lua 
lumbar  muscles  for  the  purpose.  A  still  greater  advantnge  will  be  gained 
by  throwing  the  weight  more  directly  upon  the  loins^  by  means  of  a  sort 
of  girdle,  shaped  so  as  to  rest  upon  the  top  of  the  sacrum  and  the  ridg» 
of  the  ilia;  and  by  pressing  witli  the  hand  upon  a  &Bme,  so  arranged 
to  bring  the  muscles  of  the  arms  to  the  asaistmice  of  those  of  the  It^gss' 
this  manner,  a  single  Man  of  ordinary  strength  may  raise  a  weight 
2000  lbs*  \  whilst  f^m  who  are  imaccustomed  to  such  exertions,  cjui  Ufl 
more  than  300  lbs.  in  the  ordinary  mode.  A  man  of  great  natuiml 
strength,  liowever,  has  been  known  to  Mh  800  lbs.  with  bk  b»EEda ;  ind 
the  sama  individual  performed  several  other  ctuiotis  feats  of  strength, 
which  seem  deserving  of  being  here  noticed.  **  1.  By  the  strength  of  his 
fingers,  he  rolled-up  a  very  large  and  strong  pewter  dish.  2,  He  broke 
several  short  and  strong  pieces  of  tobacco-pipe  with  the  force  of  bis 
middle-finger,  having  laid  them  on  the  first  and  third  finger.  3,  Havhrg 
thrust- in  under  his  garter  the  bowl  of  a  strong  tobacoo-pi|j^,  his  li^ 
being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his  hams,  witlioiii 
altering  the  bending  of  the  knee,  4.  He  broke  such  another  howl 
between  his  iirst  and  second  fingers,  by  pressing  them  together  sidewmjs. 
5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred- wei^t 
banging  at  the  end  of  it,  witli  his  teeth,  and  held  it  in  tliat  portion  for 
ft  considerable  time.     It  is  true,  the  feet  of  the  table  rested  against  his 

thingi, — ibepfliient  oflii&llx  Wktng  itt«ight>rorw«nlB  with  A,  which  ia  the  ^e  cotLobialif 
cmiiloyed  for  iba  liurpoa^a  of  TiHiOD,->-ftnd  fFoqtiently  Almost  bulging  th^  oili«r  9ff%  B^ 
the  Ttiiork  iu  wliich  ls  of  rerj  little  use  %q  him,  undi^r  the  inoer  caothusL  Whj«^  tlkifir 
fore,  the  teodoa  of  th^  interna]  roctiis  of  B  ie  divided,  the  relatif-e  poaitiua  of  ih«  t«fk  ii 
not  eaiirelj^  rectified.  Sometimefl  it  apE>eara  to  be  so  for  a  time  ;  but  the  str^biAsv 
then  begins  to  retaro^  and  it  <^d  oilIj  be  checked  bj  diviuoa  of  the  tendon  of  the  otlbtf 
tje^  A  \  liter  which,  the  care  ia  generally  complete  and  fiermeLneut.  Th»t  it  has  Mft 
beoD  BO  in  roany  of  the  patient*  on  whom  operitiona  have  been  fierforoied,  the  AolbiT 
attribIlte^  wiilioul  the  alightest  doohi  in  hia  own  mind^  to  the  neglect  of  tlic  nc 
opcmtloa.     Aa  jait  now  at&ted,  the  aight  of  the  moat  ioTerted  «je  is  freqitiAtlj  ' 

hn perfect ',  indeod  it  ii  iometuuea  im pained  to  iuch  an  extent^  that  the  pstf '"" 

of  it  aa  entirely  naeleai-     That  thia  tiJipalmieiit  reMulta  in  part  from  diBuie  ■ 
Tery  evident,  from  the  great  Improvement  which  oft^n  aucceeda  thd  recti fl 
axes. -^  A  Taluable  memoir  by  Prot  Pauooiiat^  on  the  *  Operation  for  StmbiHiMUt^ 
on  the  reanlta  of  about  lOQO  caees^  will  be  found  m  the  ''  Fhiladalphi&  Hedleftl 
m trier,;'  vol,  Tii.»  und  an  abstract  of  it  in  the  *'lljrit»  aud  For,  Med.-Clijr,  B«f| 
July.  1852.  p*  202. 
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knees ;  but  as  the  length  of  the  table  was  much  greater  than  its  height, 
that  performance  required  a  great  strength  to  be  exerted  by  the  muscles 
of  his  loins,  neck,  and  jaws.  6.  He  took  an  iron  kitchen  poker,  about  a 
yard  long,  and  three  inches  in  circumference,  and  holding  it  in  his  right 
hand,  he  struck  it  on  his  bare  left  arm  between  the  elbow  and  the  wrist, 
till  he  bent  the  poker  nearly  to  a  right  angle.  7.  He  took  such  another 
poker,  and,  holding  the  ends  of  it  in  his  hands,  and  the  middle  of  it 
against  the  back  of  his  neck,  he  brought  both  ends  of  it  together  before 
him ;  and,  what  was  yet  more  difficult,  he  pulled  it  straight  again."* 
Haller  mentions  an  instance  of  a  man,  who  could  raise  a  weight  of 
300  lbs.,  by  the  action  of  the  elevator  muscles  of  his  jaw  :  and  that  of 
a  slender  girl,  affected  with  tetanic  spasm,  in  whom  the  extensor  muscles 
of  the  back,  in  the  state  of  tonic  contraction  or  opisthotonos,  resisted  a 
weight  of  800  lbs.  laid  on  the  abdomen  with  the  absurd  intention  of 
straightening  tlie  body.  In  a  recent  paper  by  Professor  Haughton,f  the 
conclusion  is  arrived  at,  that  1  lb.  weight  of  human  muscle  is  capable  of 
lifting  1*56  ton  through  1  foot  before  it  is  exhausted;  whilst  Mr,  H.  P. 
Baxter}  found  from  his  experiments  that  1  grain  of  frog's  muscle  is  on 
tiie  average  capable  of  raisLdg  a  weight  of  608  grains  through  a  space  of 
l-5drd  of  an  inch,  though  considerable  differences  exist  in  regard  to  sex 
(1  grain  of  the  muscle  of  male  frogs  raising  656  grains,  and  1  grain  of  the 
muscle  of  female  frogs  raising  579  grains),  age,  and  general  condition  of  the 
animal.  His  experiments  also  show  the  interesting  circumstance  that 
whilst  there  is  a  loss  of  weight  in  the  animal  during  muscular  contraction, 
there  is  an  increase  of  weight  in  tlie  individual  muscles  experimented-on. 
— It  is  to  be  recollected,  that  *  the  mechanical  application  of  the  power 
developed  by  muscular  contraction  to  the  movement  of  the  body,  is  very 
commonly  disadvantageous  as  regards  force  ;  being  dei^gned  to  cause  the 
part  moved  to  pass  over  a  much  greater  space  tlian  that  through  which 
the  muscle  contracts.  Thus  the  Temporal  muscle  is  attached  to  the 
lower  jaw,  at  about  one-third  of  tlie  distance  between  the  condyle  and 
the  incisors ;  so  that  a  shortening  of  the  muscle  to  the  amoimt  of  hali*  an 
inch,  will  draw-up  the  front  of  the  jaw  through  an  inch  and  a  half;  but 
a  power  of  900  lbs.  applied  by  the  muscle,  would  be  required  to  raise 
300  lbs.  bearing  on  the  incisors.  In  the  case  of  the  fore-arm  and  leg,  the 
disproportion  is  much  greater ;  the  points  of  attachment  of  tlie  muscles  by 
which  the  knee  and  elbow-joints  are  flexed  and  extended,  being  much 
closer  to  the  fulcrum,  in  comparison  with  the  distance  of  the  points  on 
which  tJie  resistance  bears. — The  mechanical  power  exerted  by  muscle 
in  contraction  may  be  calculated  as  in  any  mechanical  machine  l3y  multi- 
plying the  weight  lifted  by  the  height  to  which  it  is  raised.  Weber 
obtained  the  following  values  for  the  muscle  of  a  frog : — 


Weight  lifted  in 
Grammes. 

Height  in  Mm 

Mechanical  effect 

a    . 

.     .     .     5      ) 

f      27-6        ] 

138 

6     . 

c     , 

...  15 
...  25 

X  by         . 

25-1 
11-45 

= 

376 

286 

d    . 

...  85 

63 

220 

That  is  to  say,  that  138  grammillimetres  are  equal  to  5  grammes  raised 

•  Desaguliers*  *  *  Philosophy,"  vol.  ii. 

+  "  Outlines  of  a  New  Theory  of  Muscular  Action,"  Dublin,  1863. 
X  *  On  Muscular  Power,'  in  the  *'  Bdin.  New  Phil.  Journ.,"  vol.  xviii.  p.  194. 
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27  0  nun.  or  to  27 '6  granunai  imiaed  5  mm.  It  will  be  ieeti  from  tiie  1 
that  the  meolMuiic^  effect  increaaeB  to  a  oer&in  pomt  wnli  tbe  ^ 
and  then  gradually  dimmiahes :  it  wan  found  tlot  different  muaclei  bad 
their  nmximiun  at  diffi^^ent  wdghtiiigB^ — Hie  power  of  tbe  mofldes  ap- 
pears to  vaiy  m  different  luiimalf^  being  gretfteat  in  prnportion  feo  ihm  tize 
in  luaecte. 

078.  The  rapidity  of  the  change  of  pceitioD  of  tlie  compoDent  paitidefl 
of  muAcukr  ^bres,  may,  as  Dr,  AHson  jnstly  remark^*  be  eedmaitfd, 
though  it  can  hardJy  l>e  conceived,  from  TairooB  wdl^known  &ct8.  The 
pitlaations  of  the  heart  can  sometimes  he  distinctly  nimibeTed  in  cMldien, 
at  more  than  200  in  tbe  minute ;  and  aa  each  conmictiOD  of  the  Ten* 
trides  occupiee  only  half  the  time  of  the  whole  ptilsatioD^  it  must  be 
accomplished  in  1*400  th  of  a  minnte^,  or  3'20thj  of  a  ieoond.  Again, 
it  is  certain  that,  by  the  movementfi  of  the  ton^ie  and  oUier  organa  of 
speech,  1500  lettera  can  be  distinctly  pronounced  by  gome  peraCHis  in  a 
mi n lite :  every  one  of  these  must  require  a  separate  contraction  of  muft- 
cnlar  fibres;  and  the  production  and  cessation  of  each  of  the  soundit 
implies  that  each  separate  contraction  mnst  be  followed  by  a  relaxation 
of  ecpial  length ;  «^ich  contraction,  therefore,  must  have  been  effected  in 
1  -3'JOOth  part  of  a  minute,  or  tn  1  -50tli  of  a  second.  Ilaller  calculated  that, 
in  the  limbs  of  a  dog  at  full  «peed^  musctdar  contnictions  must  take  place 
in  le^  tlian  l-2t>4}tb  of  a  second,  for  many  minutes  at  least  in  8iiooe»> 
Bion.— All  these  instances,  however,  are  thrown  into  the  ^hade^  by  thoee 
which  may  be  drawn  from  the  class  of  Inaects.  Tlie  rapidity  of  the 
vibriitjoni!  of  the  wings  may  be  estimated  from  tlie  muiical  tone  wliich 
they  prcKliice  ;  it  being  easily  oacertained  by  experiments,  wbat  nmnber 
of  vihrfitions  are  required  to  produce  any  note  in  the  scAie  (§  €28), 
From  these  data,  it  appears  to  be  the  necessary  residt,  that  the  wings  of 
many  Insect'^  strike  the  air  mantf  humlrcd  or  even  mant/  thou$€tnd  timai 
in  every  seconrL — The  minute  precision  with  which  the  degree  of  i 
cular  contrartion  can  be  adiipte<l  to  the  designed  effect,  is  in  no  ins 
more  remarkable  than  in  the  Glottis,  The  musical  pitch  of  tLe 
produced  by  it,  b  regulated  by  the  degree  of  tension  of  the  chords  tt 
which  are  poseessed  of  a  very  considerable  degree  of  elasticity  (| 
Accord] fig  to  the  observations  of  Muller,f  the  average  length  of  the 
the  male,  in  a  state  of  repose,  is  about  73-100th3  of  an  inch;  whijstj^ 
the  state  of  gr^test  tension  it  is  about  93-lOOths;  the  difference 
therefore  20-lOOtliB,  or  one-Jiflh  of  an  inch:  in  the  female  glottis,  ^ 
average  dimensiona  are  about  al-lUOths  and  63-lOOths  respectively:  t3ii 
diff^ence  being  thus  about  oim-dghth  of  an  inch.  Now  the  natural 
compass  of  the  voice,  in  most  persons  who  have  cultivated  tbe  vocal  oigsmf 
may  be  stated  at  about  two  octaves,  or  24  semitones,  Within  «ach 
semitone,  a  singer  of  ordiniiry  capabihty  could  produce  at  l^st  ten  di»^ 
tinct  intcrvais  \  so  tliat  of  the  total  number,  240  is  a  very  inodenile 
estimate.  There  nuist,  therefore,  be  at  iaaet  240  (HfiTerent  states  of 
tension  of  the  Vocal  Cords,  every  one  of  which  is  producible  by  the  w^ill^ 
without  any  previous  trial ;  and  the  tvhale  variation  in  the  length  of  the 
cords  being  not  more  tJian  one-filUi  of  an  inch,  even  in  nmn,  tho  variation 
required  to  pass  from  one  interviil  to  another,  will  not  be  tiioi^  tlum 

•  "  Cfcloiwedift  of  Anfttomy  and  Pby Biology,"  Art.  *  Contraetailj/ 
t  **  Ekmenti  of  Physidogy,'^  Baly'a  trauBlntJon,  p*  101 S. 
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l-1200tb  of  an  inch.     And  yet  this  estimate  is  much  below  that  which 
might  be  truly  made  firom  the  performances  of  a  practised  vocalist.* 


CHAPTER  XIV. 

OF  THE    VOICE   AND    SPEECH. 

1.  Of  the  Larynx,  and  its  Actions. 

679.  The  sounds  produced  by  the  organ  of  Voice  constitute  the  most 
important  means  of  commimication  between  Man  and  his  fellows ;  and 
the  power  of  Speech  has,  therefore,  a  primary  influence,  as  well  on  his 


Median  Section  of  Mouth,  No*e,  PkarvnXt  and  Larynx i-^,  septum  of  note;  below  it, 
section  of  hard  palate :  6,  tongxio ;  c,  section  of  yelam  pendnlnm  palati ;  (2,  <f,  lips ;  u,  aviila ; 
r,  anterior  arch  or  pillar  of  fitoces ;  t,  posterior  arch ;  t,  tonsil ;  »,  pharynx ;  K  hyoid  bone ; 
k,  thyroid  cartilage;  n,  cricoid  cartilage;  «, epiglottis ;  v,  glottis;  1,  posterior  opening  of 
nares;  3,  isthmos  fiauciam;  ^  superior  opening  of  larynx;  6,  passage  into  cesopnagos;  % 
mouth  of  right  Eostachian  tube. 


*  It  ia  said  that  the  celebrated  Madame  Mara  was  able  to  sound  100  different  intervals 
between  each  tone.  The  compass  of  her  voice  being  at  least  three  octaves,  or  21  tones, 
the  total  number  of  intervals  was  2100,  all  comprised  within  an  extreme  variation 
of  one-eighth  of  an  inch  ;  so  that  it  might  be  said  that  she  was  able  to  determine  the 
contractions  of  her  vocal  muscles  to  nearly  the  seventeen-thouaandth  of  an  inch. 
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pliyaieal  condition,  aa  on  tbe  derelopment  of  hb  mental  fjicnlti^, 
necessary  t<i  hear  in  niind  tliat  Vocal  sounds,  and  ^>peech  or  anicukte 
Lan^imge^  are  two  things  entirely  di€erent ;  and  that  the  former  inay  he 
produced  in  great  perfection,  where  there  is  no  capability  for  tlio  latter* 
Hence  we  might  at  once  infer ,  that  tlie  inBtmment  for  the  production  of 
vocal  soimds  is  distinct  from  that  by  which  these  Bounds  are  modified 
into  articulate  sj^eech ;  and  tlaia  we  easily  discover  to  be  the  caae^  tlie 
voice  being  nnquestionably  produced  in  the  iajynx^  whilst  the  modifica* 
tions  of  it  by  which  language  is  ionned^  are  effected  for  the  most  part  in 
the  oral  cavittf. — The  structure  and  functions  of  the  former,  tben,  " 
claitn  our  attention. 

680-  It  will  be  remembered  that  the  Trachea  ia  surmount-ed  by  i 
cartilaginous  annulus,  termed  tlie  Cmotd  caililagie  (Figs.  145,  146, 


Fio.  145. 


Fia*  14e, 


|il)|i|lUH'  ' 


/ 


ttilfi 


/m: 


/L 


Eitcmal  mm\  awtiomi]  vttws  of  the  Larynx.— a  «  B.tJie  orlMld  CMiSto&t ;  v  c  0,tlie  thfnM  ' 
^ftrrilflffo  i  o^  lU  tipper  borni  c,  Mb  lower  liam,  mhtm  It  b  ftitjcalated  wiih  the  cricoid  ^  Klh* 
»r\teiu.id  cartibitv;  v  r,  the  *Dcal  liffatneui  j  a  H»  erioolbjroidwM  iDn*el(?  3  r  f  A.tbjra^rrtP^ 
Hd-Jcqj  inuiM^U^  1  p,  i.Tiei>W7teiiokleii(i  J^tenli*;  t,  traowrtrw  iMtioo  of  a]7teiKiid#q«  txaas- 

Fig.  147,  f*  u  X  tr);  which  ierves  um  a  foundation  for  the  Btipcojaoeit 
mechanism.  This  is  embraced  (as  it  were)  by  the  Thip-md  (Figa,  145,  14S, 
E  c  a.  Fig.  147,  o  E  h),  which  is  articulated  to  its  sides  by  tlie  lower  hon» 
(Figs,  l^b,  J4fi,  c),  round  the  extremities  of  which  it  may  be  coosidcrod 
to  tuni  as  on  a  pivot.  In  tliis  manner^  the  lower  front  border  of  lb? 
Thyroid  cartilage,  wluch  m  ordinarily  separated  by  a  small  ijitcrv  ~ 

145,  146,  ?/i  n)  from  the  upfier  margiJi  of  the  Cricoid,  may  b©  ^^m^ 
ai*proflch   it  or  to  recede  Irotn  it ;   as  any  one  may  easily  ascertaiu^ 
placing  liis  (iiiger  tigaiust  the  fittle  depression  which  may  be  readily  ' 
externally^  and  observing  its  cliangos  of  size,  whilst  a  range  of  diifeii 
tones  is  soiiitded;   for  it  will  tlien  be  noticed  that,  the  higher  t2ie  m 
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the  more  the  two  cartilages  are  made  to  approximate,  whilst  they  separate 
in  proportion  to  the  depth  of  the  tones.*  Upon  the  upper  sur&ce  of  the 
back  of  the  Cricoid,  are  seated  the  two  small  Arytenoid  cartilages  (Figs. 
145,  147,  F  f)  ;  these  are  fixed  in  one  direction  by  a  bundle  of  strong 
ligaments,  which  tie  them  to  the 
back  of  the  cricoid  ;  but  they  have 
some  power  of  moving  in  other  di- 
rections, upon  a  kind  of  articulating 
surfiu».  The  direction  of  the  sur- 
fece,  and  the  mode  in  which  these 
cartilages  are  otherwise  attached, 
cause  their  movement  to  be  a  sort 
of  rotation  in  a  plane  which  is 
nearly  horizontal  but  partly  down- 
wards ;  so  that  their  vertical  planes 
may  be  made  to  separate  from  each 
other,  and  at  the  same  time  to  as- 
sume a  slanting  position.  This 
change  of  place  will  be  better  un- 
derstood, when  the  action  of  the 
muscles  is  described.  To  the  sum- 
mit of  the  Arytenoid  cartilages  are 
attached  the  chordcB  vocales  or  Vocal 
Ligaments  (Fig.  145,  e  f,  Fig.  147, 
T  v),  which  stretch-across  to  the  front 
of  the  Thjrroid  cartilage ;  and  it  is 
upon  the  condition  and  relative 
situation  of  these  ligaments,  that 
their  action  depends.  It  is  evident 
that  they  may  be  rendered  more  or  less  tense,  by  the  movement  of  the  Thy- 
roid cartilage  just  described ;  being  tightened  by  the  depression  of  its  front 
upon  the  Cricoid  cartilage,  and  slackened  by  its  elevation.  On  the  other 
hand,  they  may  be  brought  into  more  or  less  close  apposition,  by  the 
movement  of  the  Arytenoid  cartilages;  being  made  to  approximate  nearly, 
or  to  recede  in  such  a  manner  as  to  cause  the  rima  glottidis  to  assume  the 
form  of  a  narrow  V,  by  the  revolution  of  these  cartilages. — We  shall  now 
inquire  into  the  actions  of  the  muscles  upon  the  several  parts  of  this 
apparatus ;  and  first  into  those  of  the  larynx  alone. 

681.  The  depression  of  the  front  of  the  Thyroid  cartilage,  and  the  con- 
sequent tension  of  the  Vocal  Ligaments,  is  occasioned  by  the  conjoint 
action  of  the  Crico-thyroidei  (Fig.  146,  a  k)  on  both  sides ;  and  the  chief 
antagonists  to  these  are  the  Thyro-arytenoidei  (Fig.  145,  f  m.  Fig.  147, 
V  k  /),  which  draw  the  front  of  the  thyroid  back  towards  the  arytenoid 
cartilages,  and  thus  relax  the  vocal  ligaments.  These  two  pairs  of  muscles 
may  be  regarded  as  the  princii)al  governors  of  the  pitch  of  the  notes, 
which,  as  we  shall  hereafter  see,  is  almost  entirely  regulated  by  the  tension 
of  the  ligaments ;  their  action  is  assisted,  however,  by  that  of  other 
muscles  presently  to  be  mentioned. f — The  arytenoid  cartilages  are  made 

*  la  making  this  observation,  it  is  necessary  to  put  out  of  view  the  general  movement 
of  the  Larynx  itself,  which  the  finger  must  be  made  to  follow  up  and  down. 

t  Dr.  P.  Blartyn  has  adduced  various  observations  to  show  that  the  Thyroid  body 


Bird't^je  view  of  Larynx  ttoxa  above : — G  ■  h, 
the  thTToid  cartilafre.  embracing  the  ring  of  the 
cricoid,  r  K  X  «,  and  turning  upon  the  W8,  x  e, 
which  pasnes  through  the  lower  noms,  o.  Fig.  146; 
K  V,  ir  F,  the  arytenoid  cartilages,  connected  by 
the  arytenoideus  transversas ;  t  v,  t  v.  the  vocal 
ligaments ;  ir  x,  the  right  crico-arytenoideus  late- 
n^is  (the  left  being  removed) ;  v  kf,  the  left 
thyro-arytenoideus  (the  right  being  removed) ; 
v\vlt  the  crico-ary tenoidei  pofltid ;  b,  b,  the 
crico-arytenoid  ligaments. 


712 


Ul    THE    VOICE   AXD   SFEEOfl. 


to  divefge  Irom  each  other*  by  meajis  of  the  Cnco-arj/tenoidei  postki 
(Fig.  li7»  H  /)  of  the  two  sidea^  which  proceed  from  their  outer  oomen^ 


Fio,  US, 


P\ 


Part  of  Fig.  1 17  enlarged,  lo  tbow  tho  Dirfeiiom  oftU  Ifimmlaf  M/fvM  wlikti  td  <m  lb* 
Afftesoid  cartiljLg«T— If  t  a,  the  li^Ht  Arrl^noid  rartllii^;  t  r,  itfl  VCm^  liiweest ;  b  &  ^ 
bundle  of  Ufftimenta  siiiitltiK  it  tn  Cricoid ;  of,  proJLvUofi  of  it#  flii*  of  utieulatimi ;  A#.4lne- 
^iOD  of  the  iuitimi  of  the  TUjTc>afrbeboid£tta  ;  x  x,  dlrectiao  of  Crioo-iV7t<moJilc'ui  lileetiii ; 
w  w,  dlrtQtXoD  of  Crlco-aryteooldeD*  porticuei  i*  ¥,  direction  of  Arrtciuitdciu  trumirrattk. 

and  turn  somewhat  roimd  the  edge  of  the  Cricoid,  to  be  attach Ktl  to  lh« 
lower  jmrt  of  its  back ;  their  action  is  to  draw  tlie  outer  coroeiiB  liock- 
wards  jmd  downwards,  ao  that  the  points  to  which  the  vocal  ligaiii<*tits  mit 
attached  are  aepajmted  from  one  another^  and  the  rima  glotddia  is  tluxiwii 
Qpen.     This  will  he  at  once  aeen  from  the  preceding  diagram,  in  whidi 
the  direction  of  traction  of  the  aevenil  muscles  is  laid-down. — The  actioo 
of  these  rawBcles  ia  jsartly  antagoniBed  by  that  of  the  Crica^aMytenoidm 
iaterakis  (Fig,  147,  N  x),  which  rnn  forwards  and  downwards  lirom  tlie 
outer  comers  of  the  Arytenoid  cartilages,  and  whose  contrEtcttoii  teiuls  to 
bring  their  anterior  points  into  the  same  straight  line,  depressing  them 
at  the  same  time,  so  as  thus  to  cIob£  the  glottis*     These   muscles  «f^ 
aviated  by  tlie  AnftenmdeuB  tratisversus  (Fig.  147),  which   eoonects  th* 
posterior  faces  of  the  Arytenoid  cartiJageBj  and  Tvhich^  by  its  contract ioOi 
draws  them  togetlier.     By  the  conjoint  action,  therefore,  of  the  Crico- 
arytenoidei  laterales  and  of  the  Arytenoideus  fransversiis,  tiie  whole  ot 
the  adjacent  fiicea  of  the  Arytenoid  cartilages  will  be  approxirt-  ^     '      nd 
the  points  to  which  tlie  toc^  hgamenta  are  attached  will  be  d' 
But  if  the  Aryteuoideufl  be  put  in  action  in  conjunct! tin  witli  tijo   i.iico- 
arytenoidei  postici,  the  tendency  of  tlie  latter  to  separate  tlie  Arytenoid 
cartilages  being  antjigonised  by  the  former,  its  backward  action  oniy  will 


exerts  an  important  Influence  on  the  pttch  of  the  notes,  hy  giving  ft  c«itaift 
nesBi  ligiditj,  and  tension  to  the  Jjirjux.  He  ftlfio  &\tgg,BSi»  lli&t  thii  bodj  mmj  me^  ^  H 
ioctdtr,  rendering  the  Tlbratlons  of  ilie  tcc^I  conh  Blovf^er  and  longer,  KDd  tht  t<me  la 
ootisequence  fuller^  looder,  tmd  deeper,  thus  compensating  for  tlie  smftlJ  dx«  of  tJk« 
Ufjni ;  fin^Hy  ho  belie?eA  that  it  aids,  bj  its  cbaagea  in  ahiipe.  hulk,  «Eut  dnmitj,  in 
prorltiisiug  the  wciuderftd  quaLitieif  of  modukticin  and  e^ipiiiEaioD  jieculW  to  Um  J^qois 
ifoitse.     See  **  Fiwieediii^a  of  the  Eoyal  Scnri^y,''  vol  viil  p.  SIT*. 
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be  exerted ;  and  thus  it  may  be  caused  to  aid  the  Crico-thyroidei  in 
rendering  tense  the  vocal  ligaments.  This  action  will  be  further  assisted 
by  the  Stemo-thyroidei,  which  tend  to  depress  the  Thyroid  cartilage  by 
pulling  from  a  fixed  point  below  ;♦  and  tiie  Thyro-hyoidei  will  be  the 
antagonists  of  these,  when  they  act  from  a  fixed  point  above,  the  Os 
Hyoides  being  secured  by  the  opposing  contraction  of  several  other 
muscles. — The  respective  actions  of  these  muscles  will  be  best  compre- 
hended by  the  following  Table. 

Govern  the  pitch  of  the  Notes. 

.  ,  ft        m  \  ( Impress  the  front  of  the  Thyroid  cartilage  on  the  Cri- 

I     Crico-Thtboidei      \  1     g^i^^  ^ J  ^^^  ^jjg  ^0^  ligaments ;  assisted  by 

I  J  Stkrho-Thyboidw    i  ^      ^1,^  Arytenoidens  and  Crico-arytenoidei  postici. 

t,  .           .                     ,  (  Elevate  the  front  of  the  Thyroid  cartikge,  and  draw 

5     ThS^Htoidw  """  }  1     '*  ^^""^  ^^  Arytenoids,  rdaxing  the  Tocal  liga- 

Govern  the  Aperture  of  the  Glottis. 
jB     Caioo-Abttihoidxi  P08TI0I (>pen  the  Glottis. 

S  I  Ceioo-Abttbhoidei  latbbalbs  )  I  Press  together  the  inner  edges  of  the  Ary- 

^  I  Abttehoidbus  tbakbybbsub       t  \     tenoid  cartilages,  and  close  the  Glottis. 

682.  The  muscles  which  stretch  or  relax  the  Vocal  ligaments,  are 
entirely  concerned  in  the  production  of  Voice :  those  which  govern  the 
aperture  of  the  Glottis  have  important  functions  in  connection  with  the 
Respiratory  actions  in  general,  and  stand  as  guards  (so  to  speak)  at  the 
entrance  to  the  limgs.  These  separate  actions  are  easily  made  evident. 
In  the  ordinary  condition  of  rest,  it  seems  probable  that  the  Arytenoid 
cartilages  are  considerably  separated  from  each  other ;  so  as  to  cause  a 
wide  opening  to  intervene  between  their  inner  faces  and  between  the 
vocal  ligaments,  through  which  the  air  freely  passes ;  and  the  vocal  liga- 
ments are  at  the  same  time  in  a  state  of  complete  relaxation. — We  can 
close  the  aperture  of  the  Glottis  by  an  exertion  of  the  will,  during  either 
inspiration  or  expiration;  and  its  closure  by  an  automatic  impulse 
forms  part  of  the  acts  of  Coughing  and  Sneezing  (§  280),  besides  giving- 
rise  to  those  more  prolonged  impediments  to  the  ingress  and  egress 
of  air,  which  have  been  already  noticed  as  resulting  from  disordered 
states  of  the  Nervous  system.  With  these  actions,  the  muscles  which 
regulate  the  tension  of  the  vocal  ligaments  have  nothing  to  do ;  and  we 
have  seen  that  they  are  performed  by  the  instnunentality  of  the  Pneumo- 
gastric  or  proper  Respiratory  nerve  (§§  277,  278). — The  appearances 
which  present  themselves  when  the  interior  of  the  Larynx  is  examined 
during  life  are,  according  to  Prof.  Czermak,  that  in  the  almost  semi- 
limar  space  bounded  by  the  posterior  wall  of  the  Pharynx  (Fig.  149)  and 
the  base  of  the  tongue,  the  upper  curved  free  edge  of  the  epiglottis  (e)  is 
seen,  its  lateral  portions  just  touching  the  posterior  pharyngeal  wall,  and 

*  These  are  not  nsnally  reckoned  among  the  principal  muscles  concerned  in  regulating 
the  voice  ;  but  that  they  are  so,  any  one  may  convince  himself  by  placing  his  finger  just 
above  the  sternum,  whilst  he  is  sounding  high  notes ;  a  strong  feeling  of  muscular  ten- 
sion is  then  at  once  perceived. 
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CcDdltioiD  of  Ihc  Xrrrfiu-  m  seen  by 
Lh«  IfUryngcitcripc  durini^  tranqail  rv- 

MiKmbmbc  boiuidin^  t)ic  qpcfjiner  of  th6 

f^lotH*  pcwtcriciih*  Bill]  «:xttDdk)jr  be- 
WMfl  tb«  tubemeft  of  thi;  cAitikKet  of 
SsulortDl. 


its  central  portion  arching  forwards,  bo  as  to  leave  an  interval  for  the 
pasKige  of  air  in  tlic  median  line.     Near  the  centre  of  the  cleft  l>etween 

the  upper  border  of  the  epiglottis  and  die 
walls  of  the  pharjTiXj  a  transverse  band  or 
cushion  (c)  is  abso  seen,  of  a  reddish 
colour*  and  forrnod  by  the  edge  of  the  fold 
of  mucous  memlitrane  ^istalned  between 
the  two  separated  arytenoid  cartilages  (ci,  c). 
The  anterior  outline  of  the  fold  h  concare 
in  Iroutj  and  tbrms  with  tbe  siiperior  border 
of  the  epiglottis,  which  is  concave  behind 
and  situated  a  little  higher,  a  narrow  trans- 
versely-elliptical fi^isnre.  K  the  vowel  a 
be  now  sounded  aa  in  ak  or  €hj  Uie 
semilunar  space  behind  the  base  of  the  toague  is  enkrged,  the  epi- 
glottis risea  and  separates  from  the  posterior  wall  of  the  pharynx,  the 
glottis  becomea  widely  of>ened,  and  a  considerable  portion  of  the  miterior 
wall  of  the  trachea  can  l>e  perceived,  A  small  ronnded  swelling  situated 
to  the  outer  aide  of  the  tubercles  of  Santorinij  which  was  pr^vioualy 
concealed  by  the  lateral  border  of  the  epiglottis,  now  also  comes  into 
view.  The  movementa  of  tlie  arytenoid  cartllagea  during  the  productiou 
of  vo<mI  sounds  can  be  very  distinctly  observed  by  tlie  laryngoscope,  and 
the  account  given  by  Prof.  Czermak  possesses  considerable  interest,  since 
it  fully  corroborates  the  views  derived  from  theory  and  experinietit  oo 
the  dead  subject,  which  had  been  expressed  before  the  introduction  of  the 

inetrnment.  Am  soon  as  we  wish  to 
utter  a  sound j  the  two  arytenoid  carti- 
lages raise  themselvea  in  tlie  fold  otf  mu- 
cous meanbrane  which  covers  them,  and 
approach  one  another  with  auxprUing 
mobility.  This  movement  effects  tibe 
approxmiation  of  tlie  vocal  oordB»  and 
consequently  the  constTJction  of  thd 
Glottis  (Fig,  1 50),  The  study  of  the  mode 
of  formation  of  the  gntvest  chest-sonndd 
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is   extremely   difficulty    on    account  €<f 
the  arytenoid  cartilages  becoming  ele- 
vated and  rapidly  approacliing  one  another  until  they  oome  almost  into 

complete  contact,  whilst  they  bend  under 
the  border  of  the  depressed  epiglottb  in 
such  a  manner  that  the  latter,  as  viewed 
by  the  laryngoscope,  entirely  conceala  the 
interior  of  the  Larynx.  During  the  emis- 
sion of  the  most  acute  sounds,  the  Glottii 
is  contracted  in  a  linear  form  (Fig.  151);  ou 
each  side  we  perceive  tiie  vocal  corO  -  ' 
tingnished  by  their  whitish -yellow  - 
and  a  little  to  the  outer  side  is  a  nja- 
row  groove  indicating  the  position  of 
the  ventricles  of  Morgagni,  FurthtT 
outwards  again   are   the   false  or  superior  vocal  cords.     These  p 


CimilHIOii  of  tbo  i^irynx  darlntf  thfl 
fp&ftatuu  of  bigb  OT  Amte  ttmutd ; — «, 
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with  the  erected  arytenoid  cartilages,  the  epiglottis  pulled  upwards 
and  forwards,  and  the  aryteno-epiglottidian  ligaments,  together  form 
a  short  and  stiff  tube  situated  above  the  Glottis ;  the  whole  appearing, 
firom  the  sensations  we  experience  during  the  experiment,  to  be  in  a 
state  of  very  great  tension.*  That  the  aperture  of  the  glottis  is  greatly 
narrowed  during  the  production  of  sounds,  is  easily  made  evident  to  one's- 
self,  by  comparing  the  time  occupied  by  an  ordinary  expiration,  with  that 
required  for  the  passage  of  the  same  quantity  of  air  during  the  sustenance 
of  a  vocal  tone.  Further,  the  size  of  the  aperture  is  made  to  vary  in 
accordance  with  the  note  which  is  being  produced ;  of  this,  too,  any  one 
may  convince  himself,  by  comparing  the  times  during  which  he  can  hold 
out  a  low  and  a  high  note ;  from  which  it  will  appear  that  the  aperture 
of  the  glottis  is  so  much  narrowed  in  producing  a  high  note,  as  to  permit 
a  &r  less  rapid  passage  of  air  than  is  allowed  when  a  low  one  is  sounded. 
According  to  Kempelen  no  sound  is  elicited  when  the  distance  between 
the  Chordae  Vocales  exceeds  1-lOth  to  l-12th  of  an  inch.  The  muscular 
movements  concerned  in  the  act  of  vocalization,  appear  to  be  called-forth 
by  the  instrumentality  of  the  motor  fibres,  partly  derived  from  the  Spinal 
Accessory  nerve,  which  are  contained  in  the  Pneumogastric  (§  481). 

683.  We  have  now  to  inquire  what  is  the  operation  of  the  Vocal 
Ligaments  in  the  production  of  sounds ;  and  in  order  to  comprehend  this, 
it  is  necessary  to  advert  to  the  conditions  under  which  tones  are  pro- 
duced by  instruments  of  various  descriptions  having  some  analogy  with 
the  Larynx.  These  are  chiefly  of  three  kinds ;  strings,  flute-pipes,  and 
reeds  or  tongues. — The  Vocal  Ligaments  were  long  ago  compared  by 
Ferrein  to  vibrating  strings ;  and  at  first  sight  there  might  seem  a  con- 
siderable analogy,  the  sounds  which  both  produce  being  elevated  by 
increased  tension.  This  resemblance  disappears,  how^ever,  on  more  accu- 
rate comparison ;  for  it  may  be  easily  ascertained  by  experiment,  that  no 
string  so  short  as  the  vocal  ligaments  could  give  a  clear  tone  at  all  to  be 
compared  in  depth  with  that  of  the  lowest  notes  of  the  human  voice ;  and 
also,  that  the  scale  of  changes  produced  by  increased  tension  is  fimda- 
mentally  different.  When  strings  of  the  same  length  but  of  different 
tensions  are  made  the  subject  of  comparison,  it  is  found  that  the  niunber 
of  vibrations  is  in  proportion  to  the  square-roots  of  the  extending  forces. 
Thus,  if  a  string  extended  by  a  given  weight  produce  a  certain  note,  a 
string  extended  by  four  times  that  weight  will  give  a  note  in  which  the 
vibrations  are  twice  as  rapid;  and  this  will  be  the  octave  of  the  other.  If 
nine  times  the  original  weight  be  employed,  the  vibrations  will  be  three 
times  as  rapid  as  those  of  the  fundamental  note,  producing  the  twelflh 
above  it.  Now  by  fixing  the  larynx  in  such  a  manner  that  the  vocal 
ligaments  can  be  extended  by  a  known  weight,  Muller  has  ascertained 
that  the  sounds  produced  by  a  variation  of  the  extending  force  do  not 
follow  the  same  ratio ;  and  therefore  the  condition  of  tjiese  ligaments 
cannot  be  simply  that  of  vibrating  cords.  Further,  although  a  cord  of  a 
certain  length,  which  is  adapted  to  give-out  a  clear  and  distinct  note 
equal  in  depth  to  the  lowest  of  the  human  voice,  may  be  made  by  in- 
creased tension  to  produce  all  the  siiperior  notes  (which,  in  stringed 
instruments,  are  ordinarily  obtained  by  shortening  the  strings),  it  does 

•  "On  the    Laryngoscope,"  Syd.  Soc.  Trans.,    1861,  pp.  37-8;   see  also  "The 
Laryngoscope,"  by  George  D.  Gibb,  M.D.,  Londoo,  1863. 
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not  follow  tliat  a  short  Btringi  which,  with  moderafce  tension,  nat^i^j 
produces  a  high  note,  ahoiiJd  he  able»  by  a  diminution  of  the  tenmon,  to 
give-oat  m  daep  one ;  for,  although  thij  might  be  theoreticallj  poa^bte, 
yet  it  caonot  h^  accomplished  in  practice  ;  since  the  ribratioBs  beoom© 
tiT^giilar  on  account  of  the  diminiahed  elasdeity.*  These  congideTations 
are  in  themselyefl  sufficient  tp  destroy  the  supposed  analogy;  and  to 
prove  that  the  Chordie  Vocalea  cannot  be  reduced  to  Uie  same  category 
with  vibratiiig  soringa. 

064.  The  ne^  kind  of  instrument  with  which  lome  analon  mi^ 
be  susfiectfid,  is  1^^  Jtnte-pipt^  in  which  the  eound  ia  prodnoem  \tf  tlit 
vibration  of  an  elasttc  column  of  air  contained  in  the  tube  \  and  tlie 
pitch  of  thie  note  is  determined  ahnoet  entirely  by  the  length  of  1^ 
column,  although  fiHghtly  modified  by  its  diuneter,  and  by  the  ni^tzre 
of  the  embouchure  or  month  £rom  wmch  it  isBues.  This  is  e^templified 
in  the  German  Flute,  and  In  the  Englieh  Mute  or  Flageolet ;  in  both  of 
which  instruments  ^  acting  length  of  tJie  pipe  ia  determiDed  by  the 
interval  between  the  embouchure  and  tbo  neareat  of  the  side-apertttns; 
by  opening  or  closing  which,  therefore,  a  modification  of  the  totie  m  pro- 
duced. In  the  Organ,  of  which  the  greater  number  of  pipea  are  oon- 
structed  upon  this  plan,  there  is  a  distinct  pipe  for  every  note ;  and  their 
length  incxeaaes  in  a  regul^  scale.  It  m^  in  fact,  with  fiiite-pipea  as  with 
strings,^ — that  a  diminution  in  length  causes  an  inerea^  in  Uie  nnml^er 
of  vibratlona,  in  a  aimply-ioverBe  proportion  ;  so  that  of  two  pipes,  one 
being  half  the  length  of  the  other,  the  shorter  will  give  a  tone  which  ia 
the  octave  above  the  other,  the  vibrationa  of  its  column  of  air  being  twice 
aa  rapid.  Now  there  ia  nothing  in  the  form  or  dimensioiia  of  the  ootuam 
of  air  between  the  laiynx  and  the  mouth,  which  can  be  conceived  to 
rend^  it  at  all  capable  of  such  vibrationa  as  are  required  to  p(roduioe  the 
tones  of  the  Human  voice ;  diough  there  is  some  doubt  whether  it  be  not 
the  agent  in  the  musical  tones  of  certain  Birds.  The  length  that  would 
be  required  in  an  open  pipe  to  give  the  lowest  G  of  the  ordinary  baai 
voice,  is  nearly  mx  feet ;  and  the  conditions  necessary  to  produce  I^M^^ 
higher  notes  from  it,  are  by  no  means  those  which  we  £aid  to  ejdat  in  tii^^H 
process  of  modulating  the  human  voice.  ^B 

685*  We  now  come  to  the  tliird  class  of  iuBtrnments,  in  which  aounit 
IB  produced  by  the  vibration  of  rt€d^  or  tongues ;  the^  may  either  pones 
ehiticity  in  themselves,  or  be  made  elastic  by  tension.  The  *  free*  reedi 
of  the  Accordion,  Concertina,  Seraphine,  Harmonium,  d'C,  are  examples 
of  instruments  of  this  character,  in  which  the  Iiimina  vibrates  in  a  sort 
of  Irame  that  allows  the  air  to  pa^»-out  on  all  Bides  of  it  throu^  a  QUtOV 
channel,  thus  increasing  the  streiigtii  oj'the  Ijlast :  whilst  in  thje  HlM^bOf^ 
Bassoon,  &c*,  and  in  the  Organ -pi  pea  of  similaf  csonstruction^  the  reeJ 
eovera  an  aperture  at  tlie  side  of  one  end  of  a  pipe.  In  Uie  former  kladli 
the  sound  is  produced  by  the  vibration  of  the  tongue  alone,  and  is  i^^a* 
lated  entirely  by  its  length  and  elasticity  ;  %vhilst  in  the  latter  ita  pitdl  h 
dependent  upon  this  conjointly  with  the  length  of  the  tube,  the  oolfllltt 
of  air  contained  in  which  is  thrown  into  simultaneous  vibmtioii,  SotM 
interesting  research^  on  the  €&ct  produced  on  the  pitch  of  a  sound 

*  TliDi  It  voald  be  impqeBilile  to  prodnoe  goo*!  lUw  tiolea  on  the  atriaei  lif  «  VWtta, 
by  flirDinbbtDg  their  Unvim  ;  the  kngifa  Kflarded  bj  tbe  Vbtonoeihi  or  DoubJe  BiM  k 
r«i|iiiiite. 
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given  by  a  reed  through  the  union  of  ifc  with  a  tube,  have  been  made  by 
M.  W.  Weber ;  and,  as  they  are  important  in  furnishing  data  by  which 
the  real  nature  of  the  vocal  organ  may  be  determined,  their  chief  results 
will  be  here  given. — i.  The  pitch  of  a  reed  may  be  lowered,  but  cannot 
be  raised,  by  joining  it  to  a  tube.  ii.  The  sinking  of  the  pitch  of  the 
reed  thus  produced  is  at  the  utmost  not  more  than  an  octave,  iii.  The 
fundamental  note  of  the  reed  thus  lowered  may  be  raised  again  to  its 
original  pitch  by  a  further  lengthening  of  the  tube,  whilst  by  a  further 
increase  it  is  again  lowered,  iv.  The  length  of  tube  necessary  to  lower 
the  pitch  of  the  instrument  to  any  given  point,  depends  on  the  relation 
which  exists  between  the  frequency  of  the  vibrations  of  the  tongue  of  the 
reed,  and  those  of  the  column  of  air  in  the  tube,  each  taken  separately. — 
From  these  data,  and  from  those  of  the  preceding  paragraph,  it  follows 
that,  if  a  wind-instrument  can,  by  the  prolongation  of  its  tube,  be  made 
to  yield  tones  of  any  depth  in  proportion  to  the  length  of  the  tube,  it 
must  be  regarded  as  a  flute-pipe ;  whilst  if  its  pitch  can  only  be  lowered 
au  octave  or  less  (the  embouchure  remaining  the  same)  by  lengthening 
the  tube,  we  may  be  certain  that  it  is  a  reed  instrimient.  The  latter 
proves  to  be  the  case  in  regard  to  the  Larynx. 

686.'  It  is  evident  from  the  foregoing  considerations,  that  the  action  of 
the  Larynx  has  more  analogy  to  that  of  reed  instruments,  than  it  has  to 
that  either  of  vibrating  strings,  or  of  flute-pipes ;  and  thoxigh  there  would 
seem,  at  first  sight,  to  be  a  marked  difference  in  character  between  the 
vocal  ligaments  and  the  tongue  of  any  reed  instrument,  this  difference  is 
really  by  no  means  considerable.  In  a  reed,  elasticity  is  a  property  of 
the  tongue  itself,  when  fixed  at  one  end,  the  other  vibrating  freely ;  but 
by  a  membranous  lamina,  fixed  in  the  same  manner,  no  tone  would  be 
{Adduced.  If  such  a  lamina,  however,  be  made  elastic  by  a  moderate 
degree  of  tension,  and  be  fixed  in  such  a  manner  as  to  be  advantageously 
acted-on  by  a  current  of  air,  it  will  give  a  distinct  tone.  It  is  observed 
by  Miiller,  tliat  membranous  tongues  made  elastic  by  tension  may  have 
either  of  three  different  forms  : — i.  That  of  a  band  extended  by  a  cord, 
and  included  between  two  firm  plates,  so  that  there  is  a  cleft  for  the 
passage  of  air  on  each  side  of  the  tongue,  ii.  The  elastic  membrane  may 
be  stretched  over  the  half  or  any  portion  of  the  end  of  a  short  tube,  the 
other  part  being  occupied  hy  a  solid  plate,  between  which  and  the  elastic 
membrane  a  narrow  fissure  is  left.  iii.  Two  elastic  membranes  may  be 
extended  across  the  mouth  of  a  short  tube,  each  covering  a  portion  of  the 
opening,  and  having  a  chink  left  open  between  them. — This  last  is  evi- 
dently the  form  most  allied  to  the  Human  Glottis ;  but  it  may  be  made 
to  approximate  still  more  closely,  by  prolonging  tlie  membranes  in  a 
direction  parallel  to  that  of  the  current  of  air,  so  that  not  merely  their 
edges,  but  their  whole  planes,  shall  be  thrown  into  vibration.  Upon  this 
principle,  a  kind  of  artificial  glottis  has  been  constructed  by  Mr.  Willis ; 
the  conditions  of  action  and  the  effects  of  which  are  so  nearly  allied  to 
that  of  the  real  instrument,  that  the  similar  character  of  the  two  can 
scarcely  be  doubted.  The  following  is  his  description  of  it.  "  Let  a 
wooden  pipe  be  prepared  of  the  form  of  Fig.  1 52  a,  having  a  foot,  c,  like 
that  of  an  organ-pipe,  and  an  upper  opening,  long  and  narrow,  as  at  B, 
with  a  point,  A,  rising  at  one  end  of  it.  If  a  piece  of  leather,  or  still 
better,  of  sheet  India-rubber,  be  doubled  round  this  point,  and  secured 
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Arttildal  Glotti*. 


by  being  bound  round  tlie  pipe  »t  D  with  strong  thread,  us  in  Fig.  152  S» 
it  wiU  give  m  an  iirtificial  glottia  witJi  its  upj>er  edges  g  h,  which  maj  b« 

made  to  vibrate  or  not,  at  pleaiJAire, 
FtQt  162»  by   incHniiig   tJie   planer   of    the 

edges.  A  couple  of  pieces  of  cork^ 
E  F,  roaj  be  glued  to  the  oomerii* 
to  make  tlietti  more  man^eable. 
From  thiB  machine  Torioua  notce 
mny  he  obtained,  bjr  stretching  ih« 
edges  in  the  direction  of  their 
lenj^rth  OS;  the  notes  rising  in 
pitch  with  the  increased  tension, 
although  the  length  of  tiie  vibrat- 
ing edge  ia  increased.  It  b  true 
that  a  scale  of  notes  equal  iti  ejctciit 
to  that  of  the  human  roioe  cannot 
be  obtained  from  (nJgefi  of  leather; 
but  tliia  scale  is  much  grefttertii 
India-rubber  dian  in  leather,  moi 
the  elasticity  of  thciu  both  is  m 
mucL  inlerior  to  that  of  the  vocal 
ligaments,  that  we  may  readily  infer  thiifc  the  greater  scale  of  the  latter  if  due 
to  its  greater  elastic  powers,"  By  other  exjierim enters,  the  tisGue  forming  the 
middle  coat  of  the  arteries  has  been  used  lor  this  purpose,  in  the  moist  state^ 
with  great  succe^ss;  with  tlus,  tJie  tissue  of  the  vocal  ligsiinent  ia  nearly 
identical.  It  is  worthy  of  remark  that,  in  all  such  experiments^  it  is  found 
that  the  two  nieiubranes  may  be  thrown  into  vihmtion*  when  iiichaed 
tottmnls  each  otlier  m  various  degreesj  or  even  when  tliey  are  in  pitriiiy 
planes^  and  their  edges  only  approxuuate  ;  but  that  tlie  least  incUnatioii 
Jr&m  each  other  (which  is  the  position  the  vocal  ligaments  have  duris^ 
the  ordinary  state  of  the  glottis^  §  GH2)f  completely  prevents  any  Bonoroo* 
vibrations  from  being  produced. 

687*  The  pitch  of  the  notes  produced  hy  membranous  touguos  may  b* 
affected  in  Bcveral  ways.  Thus,  an  iiicretise  in  the  strength  iif  tlie  blafit, 
which  has  little  influence  on  metiilhc  reeds,  raises  their  pitch  \erv  c«iii- 
siderably ;  and  in  this  manner  the  note  of  a  menibranoua  reed  may  b« 
raised  by  semitones^  to  as  much  as  a  hflh  above  the  hiudameutaL  The 
addition  of  a  pipe  has  nearly  the  same  eJfect  on  their  pitc^li,  as  on  that 
metallic  roed^ ;  but  it  cannot  easily  be  determined  with  the  same  pr 
ciaion.  Several  different  notes  may  be  produced  witli  a  pipe  of  the  i 
length;  but  there  is  a  c^rtidn  length  of  the  colutnn  of  air,  which  is  ih^ 
one  best  adapted  for  each  tone.  It  hna  been  recently  ascertaiiji  \ 
over,  that  the  length  of  the  pipe  prefixed  to  the  reed  ha^  a  ct 
influence  on  its  tone,  rendering  it  deeper  in  proportion  as  r  is  j!n.»- 
longed,  down  to  nearly  the  octave  of  the  ftindaniental  nof^  ;  bfjt  tK* 
pitch  then  suddenly  rises  again ^  as  in  the  case  of  the  tube  plac^ 
the  re^.      The  researches  of  M tiller,  however,  have  not  siu^  lal 

eatabliahing  any  veiy  definite  relation  between  the  lengths  of  ikm  two 
tubes^  in  regard  to  tlieir  inUuenee  on  the  pitch  of  the  reed  placed  l>etwecn 
them. 

688.  From  the  foregoing  etatements  it  appears,  that  the  true  theorr  c^ 
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the  Voice  may  now  be  considered  as  well  established,  in  regard  to  this 
essential  particular, — ^that  the  sound  is  the  result  of  the  vibrations  of  the 
vocal  ligaments,  which  take  place  according  to  the  same  laws  with  those 
of  metallic  or  other  elastic  tongues  :  and  that  the  pitch  of  the  notes  is 
chiefly  governed  by  the  tension  of  these  laminae.*  With  respect,  how- 
ever, to  the  mode  and  degree  in  which  these  tones  are  modified  by  the 
shape  of  the  air-passages  both  above  and  below  the  larynx,  by  the  forcer 
of  the  blast  and  by  other  concurrent  circumstances,  little  is  certainly 
known  ;  but  no  doubt  can  be  felt  that  these  modifications  are  of  great 
importance,  when  we  observe  the  great  amoimt  of  muscular  action  which 
takes  place  consentaneously  with  the  production  of  vocal  tones,  and 
which  seems  designed  to  alter  the  length  and  tension  of  the  various 
parts  of  the  vocal  tube,  so  that  they  may  vibrate  synchronously  with  the 
vocal  cords.  Thus,  during  the  ascent  of  the  voice  from  the  deeper  to  the 
higher  notes  of  the  scale,  we  find  the  whole  larynx  undergoing  an  eleva- 
tion towards  the  base  of  the  cranium,  the  thyroid  cartilage  being  drawn 
up  within  the  os-hyoides,  so  as  even  to  press  on  the  epiglottis ;  at  the 
same  time,  the  small  space  between  the  thyroid  and  cricoid  cartilages,  or 
crico-thyroid  chink,  is  closed  by  the  depression  of  the  front  of  the  former 
upon  the  latter  (§  680) ;  the  velum  palati  is  depressed  and  curved  for- 
wards ;  and  the  tonsils  approach  one  another.  The  reverse  of  all  these 
movements  takes  place  during  the  descent  of  the  voice. — A  very  impor- 
tant adjunct  to  the  production  of  the  higher  notes  has  been  pointed-out 
by  MiiUer,  as  being  afforded  by  the  modification  in  the  space  included 
between  the  two  sides  of  the  thyroid  cartilage,  which  is  effected  by  the 
thyro-arytenoidei.  He  had  experimentally  ascertained  that  the  intro- 
duction of  a  hollow  plug  into  the  upper  end  of  the  pipe  beneath  his 
artificial  larynx  (and  therefore  just  below  the  reed),  by  diminishing  its 
aperture,  produced  a  considerable  elevation  of  the  tone.  The  action  may 
be  imitated  in  the  human  larynx,  when  made  the  subject  of  experiment, 
by  compressing  the  thyroid  cartilage  laterally ;  and  in  this  manner,  the 
natural  voice  can  be  made  to  extend  through  a  range  that  could  otherr 
wise  be  only  reached  by  a  falsetto.  The  influence  of  the  prefixed  and 
superadded  tubes,  in  modifying  the  tones  produced  by  the  Human  larynx, 
has  been  found  by  Prof  MiiUer  not  to  be  at  all  comparable  to  that  which 
they  exercised  over  the  artificial  larynx ;  the  reason  of  which  difference 
does  not  seem  very  apparent.  It  appears,  however,  that  there  is  a  certain 
length  of  the  prefixed  tube — ^as  there  is  a  certain  distance  of  the  vibrating 
laminie,  and  a  certain  length  or  form  of  the  tube  above, — which  is  most 
favourable  to  the  production  of  each  note  ;  and  the  downward  movement 
of  the  whole  vocal  organ,  which  takes-place  when  we  are  sounding  deep 

*  It  is  considered,  however,  by  Mr.  Bishop  ("  Cyclop,  of  Anat.  and  Physiol ,"  vol.  iv. 
p.  1486),  that  the  vocal  apparatus  combines  the  properties  of  a  stretched  cord,  a  mem- 
branoas  pipe  with  a  column  of  air  vibrating  in  it,  and  a  reed  ;  and  is  the  perfect  type, 
of  which  these  instruments  are  only  imperfect  adaptations.  The  Author  is  unable, 
however,  to  deduce  from  Mr.  Bishop's  previous  statements  the  grounds  upon  which  he 
makes  this  assertion  ;  and  does  not  understand  how  any  instrument  can  combine  the 
actions  of  strings  and  of  tongues^  the  laws  of  whose  vibration  are  so  different.  That  the 
column  of  air  in  the  air-passages  is  thrown  into  vibration  consentaneously  with  the  pro- 
duction of  sound  by  the  vocal  cords,  and  intensifies  that  sound  by  reciprocation,  can 
scarcely  be  doubted  ;  but  the  reasons  previously  given  appear  to  the  Author  sufficient 
to  disprove  the  notion  that  this  vibration  is  at  all  more  essential  to  the  production  of 
the  vocal  tone,  than  it  is  in  the  reed-pipe  of  an  organ. 
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notes,  And  ita  rise  during  the  elevatioii  of  the  tones,  liave  tteeti  suppoa 
to  answer  the  purpose  of  making  thia  adjustment  in  the  length  of  the 
trachea ;  but  this  requires  the  supposition  tlmt  the  real  length  of  the 
tracJiea  m  Bhortcned  whlbi  it  appenre  extended, — for  whicli  there  seems 
no  foundation.  It  is  considered  by  Mr,  Wljeatstone,  that  tlie  columii  i 
air  in  the  trachea  inaj  divide  itsehT  into  *  harmonic  lengths/  and  mmf 
Jjroduce  a  r^ctproeatioti  of  the  tone  given  by  the  vocid  hgamenia  ('§  631  "| ; 
and  in  this  manner  he  con^ders  that  the  falsetto  notes  are  to  l>e  explained* 
It  may  be  added  that  the  partial  closing  of  the  epi  glottis  ^teenja  to  ttaaist 
in  the  production  of  deep  notes,  just  as  the  partial  covering  of  the  top  fvf 
a  short  pipe  fixed  to  a  reed  will  lower  its  tone ;  and  that  BOtnething  of 
this  kind  takes  place  during  natural  TocaHsation,  would  appear  from  ihe 
retraction  and  dex>resaion  of  tlie  tongue,  which  accompany  the  lower ing 
of  the  front  of  the  head  when  the  very  lowest  notes  are  being  soundcd- 
The  experiments  of  Savart  have  shown,  iJiata  f^vity  which  only  res|»ond5 
to  a  shrill  note,  when  its  walk  are  lirm  and  dry,  may  be  made  to  alibrd 
a  great  variety  of  lower  tones,  when  its  walls  are  moistened  and  rekxed 
in  various  degrees.  This  observation  may  probably  be  applied  aljo  to 
the  trachea. 

G80.  ThQfaiseiln  is  a  peculiar  modification  of  the  voice,  difFering  from 
the  *  cheat-voice/  not  merely  in  die  higher  pitch  of  its  note^,  but  also  in 
their  quality ;  its  tones  being  less  reedy,  and  more  like  the  *  harmonic 
notes'  of  stringed  and  wind  instniments*  In  some  individuals,  the 
chest-voice  passes  by  imperceptible  gradations  into  the  fidsetbo,  whilst  in 
others  the  transition  is  abrupt ;  and  some  persons  can  sound  the  same 
notes  in  the  two  different  registers,  these  notes  forming  tlie  upper  jjart  of 
tlie  scale  of  the  chest-voice,  and  the  lower  part  of  the  fiilsetto,* — With 
regard  to  the  tlieory  of  the  production  of  the  falsetto  voice,  there  has 
been  considerable  difference  of  opinion  amongst  Physiologists ;  and 
cannot  bo  regarded  as  fuUy  determined.  By  ftfagcndie  and  Mavo  it  wa 
maintained  that  these  tones  are  produced  by  the  vibration  of  tlie  vc 
cords  along  only  hali' their  length,  the  rima  glottidis  being  iMUtly  doaedj 
and  this  explanation  ia  consistent  with  tlie  fact,  tliat  a  far  smalle 
quantity  of  air  h  required  for  sustainliig  a  falsetto  note,  than  for  a  no 
of  the  ordinary  registeTj  even  though  they  should  be  of  the  same  pat 
By  Muller,  agjiin,  it  is  asserted  that  in  the  production  of  the 
notes,  merely  the  thin  border  of  the  glottis  vibrates,  so  that  the  fisBtzm 
remains  di^inctly  visible ;  whilst,  in  the  profluction  of  the  ordinary 
tone^,  the  whole  breadth  of  the  vocal  ligaments  la  thrown  inijo  at] 
vibnitions,  which  traverse  a  wider  space,  so  that  a  confused  motion 
seen  in  tlie  lipa  of  the  glottis,  rendering  ita  fissure  indefinite.  It  is  liot 
impossible  tliat  both  tJiese  doctrines  may  Ije  correct;  and  thau  m  the 
production  of  falsetto  notes,  the  vocal  ligaments  are  in  contact  witli  eoidi 
otJier  for  part  of  their  length,  their  tliin  edges  only  being  in  vibratkia  in 

*  Thufl  a  gBtLtlctnaD  of  tbe  Author^B  aci|U&ititiiiic«  hu  a  basg  vciicd  of  a  hmi^  i. 
cbara^^tcr,  ranging  from  %h^  D  Itelow  the  bus  doff  to  tbe  D  above  it  vi^o  oetftre«V ;  pi 
fiin  falsetto^  which  i&  renmrknblc  fur  ItH  d^rneii  »zid  iCKMiblies^  mngefi  from  Ui«  4  i 
the  Ijigheat  line  of  the  basa  eleff  totho  E  in  the  higheat  iipwse  &T  the  treble  elcff.      I3« 
there  me  fi^e  notei  comnjon  to  the  two  registersj  and  the  eptire  voiw  miigai  thr 
more  thnn  tliree  octavea  ;  but  from  want  of  ft  grmlo*!  posaage  from  one  to  tlto  <K„ 
thb  gebtlemctEk  can  otilj  mag  but  psuta  with  Mi  ohMtr- volet,  or  altEi  paj:th  with  lib  L 
vettfn,  the  tenof  acnW  e&teiidlftg  ftbova  tbt  imngs  of  ooe^  and  below  thtii  q{  the  (vth^.^ 
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the  remainder.  It  has  been  pointed-out  by  Mr.  Bishop  (loc.  cit.),  that 
at  the  moment  of  transition  from  the  *  chest-voice*  to  the  *  falsetto- voice/ 
the  crico-thyroid  chink,  which  was  closed  during  the  production  of  the 
highest  note  of  the  former,  suddenly  opens  on  the  production  of  the  lowest 
note  of  the  latter ;  thus  indicating  that  the  Vocal  CJords  are  relaxed  in 
the  passage  from  the  one  to  the  other,  as  must  be  the  case,  if,  for  the 
production  of  the  same  note,  they  be  only  put  in  vibration  along  a  part 
of  their  length  ;  so  that  it  would  not  seem  improbable  that  the  cause  of 
those  differences  in  the  mode  of  transition  which  have  been  already  no- 
ticed, lies  in  the  differences  in  the  proportional  amount  of  the  vocal  cords, 
which  is  thus  thrown-out  of  use  by  the  partial  approximation  of  the  two 
lips  of  the  rima  glottidis.  It  is  further  remarked  by  Mr.  Bishop,  that,  in 
the  passage  from  the  chest-  to  the  falsetto- voice,  the  larynx  descends 
from  its  previously-elevated  position,  and  gradually  rises  again  with  the 
ascending  scale  of  &lsetto  notes ;  and  he  mentions  a  case  of  double  falsettOj 
in  which  a  third  register  existed,  and  in  which  the  relaxation  of  the 
Vocal  cords  and  the  descent  of  the  larynx  were  observed  at  its  com- 
mencement, as  at  the  commencement  of  the  second  or  ordinary  falsetto 
register. — ^An  entirely  different  theory  of  the  falsetto  has  been  given, 
however,  by  MM.  P^trequin  and  Diday  ;♦  who  consider  that  the  felsetto 
notes  are  not  produced  by  the  '\'ibration  of  the  vocal  cords,  but  are  really 

*  flute-notes,'  formed  by  the  vibrations  of  the  column  of  air  to  which  the 
rima  glottidis  then  serves  as  the  embouchure.  This  view  harmonizes 
well  with  some  of  the  phenomena  of  the  falsetto-voice ;  but  it  is  open  to 
the  objections  already  stated  in  regard  to  the  flute-theory  generally. 
According  to  M.  Garcia,  again,f  in  tie  production  of  the  falsetto-register 
the  external  fibres  of  the  lateral  crico-arytenoid  muscle  remain  inactive, 
whilst  the  lips  of  the  glottis,  stretched  by  the  horizontal  bundle  of  the 
thjrro-arytenoid,  come  in  contact  by  their  edge  alone,  and  offer  little 
resistance  to  the  air.  In  the  chest-voice,  on  the  contrary,  the  contraction 
of  the  lateral  crico-arytenoids  gives  a  rotatory  movement  to  the  cartilages, 
and  increases  the  depth  of  the  surface  of  contact  of  tlie  two  ligaments,  and 
it  is  to  tliis  circumstance  that  the  peculiar  amplitude  of  tlie  notes  of  the  chest- 
raster  is  attributable.  It  maybe  added  that  some  have  attempted  to  show, 
that  the  felsetto  depends  upon  a  peculiar  action  of  the  parts  above  the  larynx ; 
but  for  this  doctrine  there  is  no  foundation  whatever. — The  pressure  of  the 
air  within  tlie  Trachea  during  the  production  of  voice  is  considerable. 
Cagniard  Latour  observed  in  a  man  with  a  tracheal  fistula,  that  the 
pressure  indicated  by  a  manometer  when  the  patient  called  out  at  the 
top  of  his  voice,  was  equal  to  a  column  of  water  38  inches  in  height ; 
when  he  spoke  at  his  usual  pitch,  to  one  of  5  inches ;  and  when  he  sang  a 
high  note,  to  one  of  about  8  inches.  The  deepest  notes  the  human 
Larynx  is  capable  of  producing  have  about  80  double  vibrations  in  the 
second,  the  highest  about  992 ;  the  former  occiuring  in  bass,  the  latter  in 
soprano  voices. 

690.  The  various  muscular  actions  which  are  employed  in  the  produc- 
tion and  regulation  of  the  Voice,  are  called-forth  by  an  impulse  which 
has  been  shown  (§§  525,  530)  to  be  really  automatic  in  its  operation, 
and  to  be  completely  under  the  influence  of  guiding  sensations,  although 
usually  originating  in  a  Volitional  determination,  or  giving  expression  to 

♦  "  Oaiotte  MWicale,"  1844.     f  •*  Proceedings  of  the  Royal  Society,"  vol.  vii.  p.  408. 
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Emottofis  or  aimply  to  Ideas.  This,  iKiwe^er,  Imis  been  firor^  to  be  i 
tnie  of  all  Volitional  moremefnts ;  bo  that  the  productioD  of  Tocal  i  _ 
constitutes  no  real  exception.  It  may  be  safely  affirmed,  that  the  simple 
utterance  of  doundfi  id  in  itself  an  Ins&ictiYe  action ;  ahhoiigli  the  eombi- 
nation  of  tlieaef  whether  into  music  or  into  articulate  language^  m  a  matier 
of  acquirement,  which  is  much  more  readily  made  by  some  individuals 
than  by  others*  No  definite  tone  can  be  produced  by  a  Voluntaiy  effoii, 
unles  that  tone  be  present  to  the  consciousness  during  an  interral — 
however  momentary, — either  as  immediately  pa^xiuced  by  an  act  of  8en- 
satiou^  recalled  by  an  act  of  Conception,  or  anticipated  by  an  effort  of 
the  Imagination.  When  thus  present^  the  Will  can  enable  tLe  muscles  to 
aflfiume  fixe  condition  requisite  to  produce  it ;  but  under  no  other  cireum- 
Btances  doea  this  happen^  ejtcept  through  tlie  particular  mode  of  diBcipltne 
hy  which  the  congenitally-d^f  may  be  trained  to  ^enk.  Such  persons 
are  debarred  from  learning  the  use  of  Voice  in  the  ordinary  manner ;  for 
the  necessary  guidance  cannot  be  alTorded,  either  through  sensations  of 
the  present  or  conceptions  of  the  past,  and  the  imsgination  is  entirely 
destitute  of  power  to  suggest  that  which  has  been  in  no  sliape  experienced. 
But  they  may  be  taught  to  acquire  an  imperfect  tipeech,  by  causing  them 
to  imitate  particular  muscular  movements,  which  they  may  be  made  to 
see ;  being  guided  in  the  imitation  of  those  movements,  in  the  first  place 
by  watching  their  own  performance  of  them  in  a  looking-glass,  and  after- 
wards hy  attending  to  the  muscular  sensations  which  accompany  them. 
Many  instancea,  in  deed »  are  on  record,  in  which  persons  entirely  deaf 
were  enabled  to  carry-on  a  conversation  in  the  regular  way  ;  judging  of 
what  was  said  by  the  movements  of  tlie  lips  and  tongue,  which  they  had 
learned  to  connect  with  particular  syllables ;  and  regulating  thdr  < 
voices  in  reply^  by  their  voluntary  power,  guided  in  its  exercise  by  I 
muscular  sensations,* 

2.  Of  Artictslafe  Smnd», 

691 .  The  larynx,  as  now  described,  is  capable  of  produdng  tliofle  i 
of  which  Voice  fun  elementally  consists,  and  the  sequ^ice  of  which  I 
Music  :  but  Speech  consists  in  the  modilication  of  the  laryngeal  lonea, '  _ 
other  organs  intervening  between  the  Glottis  and  the  Os  externum,  so  is 
to  produce  those  artumlatt  mmxis  of  which  language  is  (brmad.  it  can- 
not  be  questioned  that  IVfusic  has  its  language ;  and  that  it  is  snaceptibb 
of  expressing  EmotioniU  stfites  of  the  mind  (among  those,  at  least,  who 
have  been  accustomed  to  associate  these  with  its  varied  modes)  to  even  a» 
higher  degree  than  articulate  speech.  But  it  is  incapable  of  ad- 
drentxtg  tlio  Intellect,  by  convey bg  definite  ideas  of  objects,  properties^ 
actions,  &c.j  in  uny  other  way  than  by  a  kind  of  imitation,  which  may  be 
compared  to  the  signs  used  in  hierog1yj>hic  writing.  These  idea^  it  is  th« 
peculiar  province  of  Articulate  Language  to  convey  ;  and  we  find 
that  the  vocal  organ  is  adapted  to  form  a  large  number  of  simple  sounds^ 
which  may  be  readily  combined  into  groups,  forming  words.  The  num- 
ber of  combinations  which  can  be  thus  produced  is  so  inexhaustible^  that 
every  language  has  its  own  pecuhar  series ;  no  difficult  being  found  b 
forming  new  ones  to  express  new  ideas.  There  is  considerable  diversity 
in  different  languages,  even  with  regard  to  the  use  of  the  simplest  of  these 
combinations ;  some  of  them  are  more  easy  of  formation  than  others,  lad 
*  S«e  I^.  JobastoDe  **  On  S^biatiiib/*  p.  123. 
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these  accordingly  enter  into  the  composition  of  all  languages ;  whilst  of 
the  more  difficult  ones,  some  are  employed  in  one  language,  some  in 
another, — no  one  language  possessing  them  all.  Without  entering  into 
any  detailed  account  of  Qie  mechanism  required  to  produce  each  of  these 
simple  soimds,  a  few  general  considerations  will  be  offered  in  regard  to 
the  classification  of  them ;  and  the  peculiar  defect  of  articulation  termed 
Stammering  wiU  be  briefly  treated-of. 

692.  Vocal  sounds  are  divided  into  Vowels  and  Consonants ;  and  the 
distinctive  characters  of  these  are  usually  considered  to  be,  that  the 
Vowels  are  produced  by  the  Voice  alone,  whilst  the  soimd  of  the  Con- 
sonant is  formed  by  some  kind  of  interruption  to  the  voice,  so  that  they 
cannot  be  properly  expressed  imless  conjoined  with  a  vowel.  The  dis- 
tinction may  be  more  correctly  laid-down,  however,  in  this  manner : — 
the  Vowel-sounds  are  continuous  tones,  modified  by  the  form  of  the 
aperture  through  which  they  pass-out ;  whilst  in  soimding  Consonants, 
the  breath  suffers  a  more  or  less  complete  interruption  in  its  passage  through 
parts  anterior  to  the  larjmx.  Hence  the  really-simple  Vowel-sounds  are 
capable  of  prolongation  during  any  time  that  the  breath  can  sustain  them ; 
this  is  not  the  case,  however,  with  the  real  Diphthongal  sounds  (of  which 
it  will  presently  appear  that  the  English  i  is  one) ;  whilst  it  is  true  of  some 
Consonants.  It  seems  to  have  been  forgotten  by  many  of  those  who  have 
written  upon  this  subject,  that  the  laryngeal  voice  is  not  essential  to  the 
formation  of  either  vowels  or  consonants ;  for  all  may  be  sounded  in 
a  whisper.  It  is  very  evident,  therefore,  that  the  larynx  is  not  primarily 
concerned  in  their  production ;  and  this  has  been  fully  established  by  tlie 
fi^llowing  experiment.  A  flexible  tube  was  introduced  by  M.  Deleau 
through  his  nostril  into  the  pharjux,  and  air  was  impelled  by  it  into  the 
fiiuces ;  then,  closing  the  larynx,  he  threw  the  fauces  into  the  different 
positions  requisite  for  producing  articulate  sounds,  when  the  air  impelled 
through  the  tube  became  an  audible  whisper.  The  experiment  was  re- 
peated, with  this  variation, — that  the  laryngeal  sounds  were  allowed  to 
pass  into  the  fauces ;  and  each  articulated  letter  was  then  heard  double, 
in  a  proper  voice  and  in  a  whisper. 

693.  That  the  Vowels  are  produced  by  simple  modifications  in  the  form 
of  the  external  passages,  is  easily  proved  both  by  observation  and  by 
imitative  experiment.  When  the  mouth  is  opened  wide,  the  tongue  de- 
pressed, and  the  velum  palati  elevated,  so  as  to  give  the  freest  possible 
exit  to  the  voice,  the  vowel  a  in  its  broadest  form  (as  in  ah)  is  sounded.* 
On  the  other  hand,  if  the  oral  aperture  be  contracted,  the  tongue  being 
still  depressed,  the  sound  oo  (the  continental  u)  is  produced.  If  attention 
be  paid  to  the  state  of  the  buccal  cavity,  during  the  pronunciation  of  the 
different  vowel-sounds,  it  will  be  found  to  undergo  a  great  variety  of 
modifications,  arising  from  varieties  of  position  of  the  tongue,  the  cheeks, 
the  lips,  and  velum  palati.  The  position  of  the  tongue  is,  indeed,  one  of 
the  primary  conditions  of  the  variation  of  the  sound ;  for  it  may  be  easily 
ascertained  that,  by  peculiar  inflexions  of  this  organ,  a  great  diversity  of 
vowel-sounds  may  be  produced,  the  other  parts  remaining  the  same. 
Still  there  is  a  certain  position  of  all  the  parts,  which  is  most  ^vourable 

*  Thig  sound  of  the  vowel  a  is  scarcely  used  in  our  language,  though  very  common  in 
most  of  the  Ck>n1inental  tongnes ;  the  nearest  approach  to  it  in  English  is  the  a  in  far; 
bat  this  is  a  rery  perceptible  modification,  tending  towards  au. 

3  a2 
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to  tlie  fornmtlon  of  eacli  of  these  sotinds ;  hut  tliis  could  not  be  expressed 
withOTit  a  lengthened  description^  The  following  table,  sUghtlj  altered 
ftom  that  of  KempeleDf  expreasea  the  relatiye  dimen^ons  of  the  buccui 
cavitg  and  of  the  oral  &nfice  for  some  of  the  principal  of  these ;  the 
number  5  expressing  the  largest  size,  and  the  others  in  like  propor- 
tion : — 

ft  ...  u  in  name  .  .  *  4 i 

e  .    .    .  flfl  m  theme  .  .  .  3  « 1 

0  ,     .     ,  u  in  cM .  •  *  .  2  i.    .     .     .     .     .  4 

00  .    «    «  ftftmcool.  ,  .  4  1 5 


I 


TheN  are  tiie  sounds  of  the  five  vowels,  a^  «,  i,  o,  w,  in  most  Continental 
bnguAges ;  and  it  cannot  hut  be  admitted  tli^it  the  arrangement  is  a  much 
more  natural  one  than  that  of  our  own  vowel  series.  The  English  a  has 
three  distinct  sounds  capable  of  prolongadon;*— the  true  broad  a  of  aA, 
alightlj  modified  in  Jar  ■  the  a  of  /ate  j  correaponding  to  the  e  of  French; 
and  the  a  of /a  11^  which  should  be  really  represented  by  au.  This  last  13 
a  simple  sound,  though  commonly  reckoned  aa  a  diphthong.  In  Kem]"*elen's 
scale,  the  oral  orifice  required  to  produce  it  would  be  about  Sj  am!  the 
size  of  the  buccal  cavity  4.|  On  the  other  handj  the  sound  of  the  Eiigliiih 
t  cannot,  like  that  of  a  true  vowel,  be  prolonged  ad  libitum  ;  it  ia  in  &ct 
a  sort  of  diphthong,  resulting  from  the  transition  from  a  peculiar  iodeinite 
murmur  to  the  sound  of «,  which  takes  its  place  when  we  attempt  to  con- 
tinue  it.  The  sound  o^  or  01,  as  in  oiV,  ia  a  good  example  of  the  true 
diphthong ;  being  produced  by  the  transition  from  au  to  «,  In  the  same 
manner,  the  diphthong  ou^  which  is  the  same  with  ow  in  owl^  is  produced 
m  the  rapid  transition  from  the  broad  a  of  fl/i,  to  the  00  of  cool. — ^Much 
dilicuaaion  has  taken-place  as  to  the  true  character  of  y,  when  it  com- 
mences a  word^  as  in  yet,  yawl,  &c. ;  some  having  maintained  that  it  is  a 
oonaonant  (for  the  very  unsatisfactory  reason  that  we  are  in  the  habit  of 
employing  a  rather  than  un^  wheo  we  desire  to  prefix  the  indefinite  ar^e 
to  such  words),  whilst  others  regard  it  as  a  peculiar  vowel.  A  sl^htmttoi* 
tion  to  the  position  of  the  vocal  organs  during  its  pronujiciatiou,  oiiiicM 
it  very  clear  that  its  sound  in  such  words  really  corresponds  with  thai  of 
the  long  (English)  e ;  the  pronunciation  of  the  word  yawl  ]>ebig  the  same 
as  that  of  5aul,  when  the  first  soiuid  is  not  prolonged,  but  rapidly  timii»- 
formed  into  the  second*  The  sound  of  the  letter  u%  moreover,  ia  really  of 
the  vowel  character,  being  formed  in  the  rapid  transition  from  oa  to  the 
flucceeding  vowel  f  thus  wall  might  be  sj>elt  doal\  Many  similar  dilHcQltacB 
might  be  removedj  and  the  conformity  between  spoken  and  written  laa* 
guage  might  be  greatly  increitscd  (so  as  to  render  tar  more  eaay  the 
quirement  of  the  former  from  the  latter),  by  duo  attention  to  the  state  < 
the  vo<^l  organs  in  the  production  of  the  simple  sounds, 

6D4.  It  is  not  very  difiScult  to  produce  a  tolerably  good  artificial  imite- 

*  The  short  tovcI  stniad^  m  a  In  fst,  e  Id  met,  0  ia  p<^  &e.,  are  aot  cap^bl*  id  ft> 
longatiun. 

t  The  mode  of  making  a  detormmsitoa  of  tbis  kind  mvy  bere  be  g\^&,  for  the  take  t 
example.  If  the  brond  12  be  aoiindedt  the  tnoutb  i&tid  f&ac«a  bctag  opentd  wide,  and  1 
ooatnct  the  or&l  orifice  hj  degrees,  at  the  BAme  time  slifbtlj  etevmting  the  potnt  of  r 
tODfiie,  we  gnda&llj  f^me  to  the  eonnd  nf  ati  ;  hj  still  furiber  contractiti^  Uiit  orii 
And  a^nla  depre^nng  the  tongaei,  we  forni  00-  On  the  other  bzuid,  in  aomadlag  <W  I 
tongao  in  raided  n^wly  to  ike  roof  of  ik^  maatk  ;  if  it  be  depreiisd,  wtlhoat  tbc  Mvij 
of  the  lips  being  Alieied,  au  is  giveiL 
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tion  of  the  Vowel-sounds.  The  method  adopted  by  Hebnholtz  of  combining 
the  ftmdamental  note  with  various  harmonics  for  each  vowel  has  been 
already  referred  to  (§  629).  By  Kempelen  it  was  accomplished  by  means 
of  an  India-rubber  ball,  with  an  orifice  at  each  end,  of  which  the  lower 
one  was  attached  to  a  reed  :  by  modifying  the  form  of  the  ball,  the  dif- 
ferent vowels  could  be  sounded  during  the  action  of  the  reed.  He  also 
employed  a  short  funnel-like  tube,  and  obtained  the  different  sounds  by 
covering  its  wide  opening  to  a  greater  or  less  extent.  This  last  experi- 
ment has  been  repeated  by  Mr.  Willis ;  who  has  also  found  that  the  vowel 
sounds  might  be  imitated,  by  drawing-out  a  long  straight  tube  from  the 
reed.  In  5iis  experiment  he  arrived  at  a  curious  result : — ^with  a  tube  of 
a  certain  length,  the  series  of  vowels,  t,  e,  a,  o,  m,  was  obtained  by  gradu- 
ally drawing  it  out ;  but  if  the  length  was  increased  to  a  certain  point,  a 
further  gradual  increase  would  produce  the  same  sequence  in  an  inverted 
order,  u,  o,  a,  e,  i;  a  still  further  increase  would  produce  a  return  to  the 
first  scale,  and  so  on.  When  the  pitch  of  the  reed  was  high,  and  the  pipe 
short,  it  was  foimd  that  the  vowels  o  and  u  could  not  be  distinctly  formed, 
— the  proper  tone  being  injured  by  the  elongation  of  the  pipe  necessary  to 
produce  tiiem ;  and  this,  Mr.  Willis  remarks,  is  exactly  the  case  in  the 
Human  voice,  most  singers  being  unable  to  pronounce  u  and  o  upon  their 
highest  notes. 

695.  The  most  natural  primary  division  of  the  Consonants,  is  into  those 
which  require  a  total  stoppage  of  the  breath  at  the  moment  previous  to 
their  being  pronounced,  and  which,  therefore,  cannot  be  prolonged ;  and 
those  in  pronouncing  which  the  interruption  is  partial,  and  which  can,  like 
the  vowel-soimds,  be  prolonged  ad  libitum.  The  former  have  received 
the  designation  of  explosive  ;  and  the  latter  of  continuous. — ^In  pronoimcing 
the  explosive  consonants,  the  posterior  nares  are  completely  closed,  so 
that  the  exit  of  air  through  the  nose  is  altogether  prevented ;  and  the 
current  may  be  checked  in  the  mouth  in  three  ways, — ^by  the  approxima- 
tion of  the  lips, — by  the  approximation  of  the  point  of  the  tongue  to  the 
front  of  the  palate, — and  by  the  approximation  of  the  middle  of  3ie  tongue 
to  the  arch  of  the  palate.  In  the  first  of  these  modes,  we  pronounce  the 
letters  b  and  p  ;  in  the  second  d  and  t ;  in  the  third,  the  hard  g  and  k. 
The  difference  between  b,  dy  and  ^,  on  the  one  hand,  and/?,  ^,  and  ^,*  on 
the  other,  seems  to  depend  on  this; — that  in  the  former  group  the 
approximating  surfaces  are  larger,  and  die  breath  is  sent  through  them 
more  strongly  at  the  moment  of  opening,  than  in  the  latter.  The  con- 
tinuous consonants  may  be  again  subdivided,  according  to  the  degree  of 
freedom  with  which  the  air  is  allowed  to  make  its  exit,  and  the  compres- 
sion which  it  consequently  experiences,  i.  The  first  class  includes  those 
in  which  no  passage  of  air  takes-place  through  the  nose,  and  in  which  the 
parts  of  the  mouth  that  produce  the  sound  are  nearly  approximated 
together,  so  that  the  compression  is  considerable.  This  is  the  case  with 
V  and/,  which  are  produced  by  approximating  the  upper  incisors  to  the 
lower  lip,  and  which  stand  in  nearly  the  same  relation  to  each  other  as 
that  which  exists  between  d  and  t,  or  b  and  p.  The  sibilant  sounds,  z 
and  5,  also  stand  in  a  similar  relation  to  each  other;  they  are  produced 
by  the  passage  of  air  between  the  point  of  the  tongue  and  the  front  of  the 
palate,  the  teeth  being  at  the  same  time  nearly  closed.  The  simple  sound 
sh  is  formed,  by  narrowing  the  channel  between  the  dorsum  of  the  tongue 
*  For  the  sake  of  proper  coinpariaoa,  this  letter  should  be  sounded  not  as  hay  \mikey. 


726 


OF   THE    VOICE    AND   SPEJ£€H, 


and  the  palate;  tJie  former  being  devated  towardB  tlie  latter  througli  a 
considerable  part  of  ita  length.      If,  in  sonnding  s^  ivo  ralm  the  point  of 
tbe  tongue  a  verj  Liitle,  bo  as  to  touch  the  palate^  the  sound  of  i  is 
evolved ;  and  in  the  siime  manner  d  is  produced  from  i,     Thig  class  also 
includes  the  ih  ;  which^  being  a  perfectly  ^simple  sound,  ought  to  be  ex- 
pressed by  a  aingle  letter,  as  in  Greek^  instead  of  by  tvvo,  whose  com- 
bination does  not  really  produce  anything  like  it.       For  producing  this 
eoundj  the  point  of  the  tODgne  is  applied  to  Uie  back  of  the  incisors,  or 
to  tlie  front  of  the  palate,  as  in  sounding  t;^  but  whibt  there  is  complete 
contact  of  the  tip,  the  air  is  allowed  to  pass-out  around  it, — ^ii*  In  the 
second  class  of  continuous  consonants,  including  the  Jetters  m^  n^  l^  and  r, 
the  nostrils  are  not  closed ;  and  the  air  thus  undergoes  very  httle  com- 
presaion^  even  though  the  passage  of  air  through  the  oral  cavity  is  almoifr 
or  completely   checked.      In    pronouncing  m  and  tj,  the  breath   [msses 
through   the  noee  alone :  and  the  difference  of  the  sound  of  these  two 
letters  must  be  due  to  the  variation  in  the  form  of  the  cavity  of  the 
mouth,  which  acta  by  resonance.     The  letter  m  is  a  labial,  like  b ;  but  in 
the  former  the  naaal  passage  is  open,  the  mouth  remaiixing  closed,  whibt 
in  the  latter  the  nose  is  entirely  closed,  and  the  sound  is  formed  at  tiio 
mouietit  of  opening  the  moutli ;  hence   the  passage  from  m  to  &  is  n^ade 
with  great  facility.     The  same  correspondence  exists  between  n  and  f,  or  *  ' 
and  g  (the  particular  part  of  the  tongue  approximated  to  the  palate  not 
being  of  much  consequence  in  the  pronmiciation  of  «);  and  hence  it  id  ihaK 
the  transition  from  n  to  f ,  or  from  a  to  ^,  is  so  easy  that  the  combinationa.i 
7it  and  Jiff  are  found  abimdantly  in  most  languages.      The  sound  of  f  m) 
produced  by  bringing  the  tip  of  the  tongue  into  contact  with  the  palate,  i 
and  iillowing  the  air  to  eaca|>e  around  it,  at  tlio  same  time  that  a  vocal 4 
tone  is  generated  in  the  larynx;  it  differs  therefore  from  th  in  the  pofli*j 
tiou  at  which  the  obstruction  i^  intcrpoaed,  as  well  as  in  the  slight  degrool 
of  compression  of  the  air  which  it  involves.      The  sound  of  the  letter  r  J 
depends  on  a.n  absolute  vibration  of  the  |>oint  of  the  tongue,  in  a  narrow 
current  of  air  forced  between  the  tongue  itself  and  the  palate. ^ — HL  T]m 
sounds  of  the  third  ckiss  are  scarcely  to  be  termed  coneonantSy  since  they  j 
are  merely  aspirations  caused  by  an  increased  ibrce  of  breath.     These  i 
hj  and  the  gutteral  ch'f  of  most  foreign  languages  (the  Greek  )().      Tbol 
first  is  a  simple  aspiration;  the  second  an  aspiration  modified  by  the  ele-f] 
vation  of  the  tongue,  causing  a  slight  obstruction  to  the  parage  of  xur^i 
and  an  increased  resonance  in  the  back  of  the  mouth.     Thia  sound  woulj^l 
become  either  g  or  k,  if  the  tongue,  whilst  it  is  being  produced,  w 
carried -up  to  touch  the  palate.J 

GUG,  These  distinctions  come  to  be  of  much  importance,  wh^i 
apply  ourselves  to  the  trciitment  oi"  defeats  of  articulation^     Great  as 
the  number  of  muscles  employed  in   the  production   of  definite  to 
Bounds,  the  number  is  much  greater  for  those  of  articulate  htnguitge ; 
the  varieties  of  combination  which  we  are  continually  forming  uncQu- 

*  Henc^  it  is  vmj  to  oBderatoiid  Uie  ttubetlttttioa  of  <  c^  d,  ^r  the  E^glioli  iA^  j 
foreigners, 
t  Tb(j  Englisli  cA.  ia  merelj  »  coinliimtipa  of  I  witli  iA/  tJaas  cAimc  Dn^bt  be  cpelt 

Z  The  gDTicml  dw^i^cailon  T>i-o|>o«oa  by  Dt,  Uaitkall  HdJ  hm  baeit  bere  adoptodi  vHb 
ioBiA  modifigftilua  u  to  tho  dt'tAUe. 
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BdouBly  to  ourselYes,  would  not  be  suspected  without  a  minute  analysis 
of  the  separate  actions.  Thus,  when  we  utter  the  exploeive  sounds,  we 
check  the  passage  of  air  through  the  posterior  nares  in  the  very  act  of 
articulating  the  letter  ;  and  yet  this  important  movement  commonly 
passes  imobserved. — ^We  must  regard  the  power  of  forming  the  several 
articulate  sounds  which  have  been  adverted-to,  and  their  simple  com- 
binations, as  so  fiir  resulting  from  intuition,  that  it  can  in  general  be  more 
readily  acquired  by  early  practice  than  other  actions  of  the  same  com- 
plexity :  but  we  find  that  among  different  Races  of  Men,  there  exist  ten- 
dencies to  the  production  of  different  sounds,  which,  though  doubtless 
influenced  in  great  d^ree  by  early  habit  (since  we  find  that  children, 
when  first  learning  to  speak,  form  ^eir  habits  of  vocalization  in  great 
d^ree  in  accordance  with  the  examples  amidst  which  they  are  placed), 
are  certainly  also  dependent  in  part  upon  congenital  constitution ;  as  we 
often  see  in  the  case  of  children  among  ourselves,  who  grow-up  vdth 
certain  peculiarities  of  pronimciation,  not  thus  derived  from  imitation,  of 
which  tjiey  do  not  seem  able  to  divest  themselves. 

697.  It  is  in  the  want  of  power  to  combine  the  different  muscular 
actions  concerned  in  vocalization,  that  the  defect  termed  Stammering 
essentially  consists.  Many  theories  regarding  the  nature  of  this  impedi- 
ment have  been  proposed ;  and  there  can  be  little  doubt  that  it  may  be 
attributed  to  a  great  variety  of  exciting  causes.  A  disordered  action  of 
the  nervous  centres  must,  however,  be  regarded  as  the  proximate  cause ; 
though  this  may  be  (to  use  the  language  of  Dr.  M.  Hall)  either  of  centric 
or  of  excentric  origin, — ^that  is,  it  may  result  from  a  morbid  condition  of 
the  ganglionic  centre,  or  from  an  abnormal  impression  conveyed  through 
its  afferent  nerves.  When  of  centric  origin  (and  this  is  probably  the 
most  general  case),  the  phenomena  of  Stammering  and  Chorea  have  a 
close  analogy  to  each  other  ;  in  fact,  stammering  is  frequently  one  of 
the  modes  in  which  the  disordered  condition  of  the  nervous  system  in 
Chorea  manifests  itself. — It  is  in  the  pronimciation  of  the  Consonants  of 
the  explosive  class,  that  the  stammerer  experiences  the  greatest  difficulty. 
The  total  interruption  to  the  breath  which  they  occasion,  frequently 
becomes  quite  spasmodic  ;*  and  the  whole  frame  is  thrown  into  the  most 
distressing  semi-convulsive  movement,  imtil  relieved  by  expiration.  In 
the  pronunciation  of  the  continuous  Consonants  of  the  first  class,  the 
stammerer  usually  prolongs  them  by  a  spasmodic  continuance  of  the  same 
action ;  and  there  is,  in  consequence,  an  impeded,  but  not  a  suspended 
respiration.  The  same  is  the  case  with  the  I  and  r  in  the  second  class. 
In  pronoimcing  the  m  and  n,  on  the  other  hand,  as  well  as  the  aspirates 
and  vowels,  it  is  sometimes  observed  that  the  stammerer  prolongs  the 
sound  by  a  frill  and  exhausting  expiration.  In  all  these  cases,  t£en,  it 
seems  as  if  the  muscular  sense  resulting  from  each  particular  combination 
of  actions,  became  the  stimulus  to  the  involuntary  proloDgation  of  that 
state.  It  is  possible  that  the  defect  may  result,  in  some  instances,  from 
malformation  of  the  parts  about  the  fauces,  producing  an  abnormal 
stimulus  of  this  kind  in  some  particular  positions  of  the  organ;  and  such 
cases  may  be  really  benefited  by  an  operation  for  the  removal  of  these 

*  By  Dr.  Arnott  this  interruption  b  represented  as  taking  place  in  the  larynx ;  that 
such  is  not  usually  the  case,  the  Author  believes  that  a  little  attention  to  the  ordinary 
phenomena  of  voice  will  satisfactorily  prove. 
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parts.  But  tLe  effect  of  sucli  an  operation  ia  ecrtamly  exerted  in  most 
caaei  through  tlie  mind  of  the  patieut^  the  cxi^ectatioo  of  benefit  from  it 
tending  to  improve  his  oomiiiaiid  over  the  muscles  of  vocaliKation,  which 
Emotional  excitement  dwaja  impairB ;  and  the  improvement  is  usually 
proportional  to  the  confidence  wliich  he  has  been  led  to  feel  in  tlie  result. 
The  elighiest  distiirbanoe  of  the  feelings  is  suificiont  in  moat  Stammerera 
to  induce  a  complete  perturbation  of  the  vocal  fiowers ;  the  very  icar  tkit 
Etammeriog  will  occnr^  parti cidarly  nnder  circumatanceB  which  render  it 
peculiarly  annoying,  w  often  sufficient  to  bring  it  on  in  a  predispcned 
subject;  and  the  tendency  to  consensual  imitation  sometimes  oocftdons 
stammering,  in  individuals  (especially  children)  who  never  ahow  the 
slightest  tendency  to  it  except  when  they  witness  the  dlMoulty  in  othcfra, 
698*  The  me&od  proposed  by  Dr,  Amott  for  die  prevention  of  Stimi- 
mering,  consists  in  the  connection  of  aU  the  words  by  &  vocal  intosmfioo, 
in  such  a  manner  that  there  shall  never  be  an  entire  stoppage  of  the 
breath.  It  is  justly  remarked  by  MtiUer,  however,  that  although  this 
plan  may  afford  some  benefit,  it  cannot  do  everything  ^  since  the  main 
iuipedimeot  occurs  in  the  middle  of  words  themselves.  One  imporrjuit 
remedial  means^  ou  wliich  too  much  stress  cannot  be  laid,  is  to  study  ewe- 
fiilly  the  mechanism  of  the  articulation  of  the  difficult  letters,  and  to 
poractiae  their  pronunciation  repeatedly,  slowly,  and  analytically.  The 
patient  would  at  first  do  well  to  practise  seotences  irom  which  the  explo- 
sive consonants  are  omitted ;  his  chief  diffictilty.,  arimng  from  the 
spaamodie  auapeusioo  of  the  expiratory  movement,  being  thus  avoided. 
Having  mastered  these,  he  may  jiass-on  to  others^  in  which  the  diiEcuJi 
letters  are  si>aringly  introduced ;  and  may  finally  accustom  himself  lo 
the  use  of  ordinary  language.  One  of  the  chief  jK>inta  to  be  aimed-at^  b 
to  make  the  patient  feel  tliat  he  has  command  over  his  muscles  of 
articulation;  and  this  ia  Ijeat  done^  by  gradually  leading  him  from 
that  which  he  finds  he  can  do,  to  that  which  he  fears  he  cannift.  The 
itict  tliat  Btamraering  jjeople  are  able  to  sing  their  words  better  than  to 
speak  them,  has  been  usually  explained  on  the  supposition  that,  in  singing, 
the  glottis  is  kept  open,  so  that  there  is  less  liability  to  spasmodic  action ; 
if,  however,  as  here  maintainetl,  the  spaamodie  action  is  not  in  the  larynx, 
but  in  the  velum  palati  and  the  muscles  of  articulation,  the  ditferaict 
must  be  due  to  the  direction  of  the  attention  rather  to  tlie  muscles  of  tbe 
larynx  than  to  those  of  the  moutlu — ^One  of  the  most  important  objects 
to  be  aimed -at  in  tlie  treatment  of  stammering,  consists  in  the  preventaOn 
of  all  Emotional  disturbance  in  connection  with  the  act  of  Speech ;  sod 
this  requires  the  exercise  of  tlie  Voluntary  power  over  the  direetioB  d 
the  thoughts,  in  the  following  modes  : — 1 .  To  reduce  mental  eauotioit,  by 
a  dally  J  hourly,  habit  of  abatracting  the  mind  from  the  subject  of  stiyn- 
mering,  both  while  speaking,  and  at  other  times,  2.  To  avoid  tJPciiif^ 
mental  emotion  by  attempting  unnecessarily  to  read  or  speak ,  when  the 
individual  is  conscious  that  he  shall  not  be  able  to  perform  tJieae  actions 
without  great  distress.  3.  To  dude  mental  emotion,  by  taking  advantage 
of  any  little  artifice  to  escajie  from  stammerings  so  long  as  the  Ar^fire 
contitiues  to  be  a  successful  one, — Much  may  fretjueatly  be  donei,  ah*  . 
constitutional  treatment,  ad;ipted  to  improve  tlie  general  vigour  oi 
liervous  system.* 

*  Botoa  tilt  iiubject  &f  "Stammering  and  ita  Trealracnt/*  a  usefaJ  pAiii|ililet  amlcr 
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CHAPTER  XV. 

OF  THE    INFLUENCE   OF    THE    NERVOUS    SYSTEM    ON    THE 
ORGANIC    FUNCTIONS. 

699.  Of  the  modes  in  which  the  Nervous  System  influences  the  Organic 
Functions,  a  great  part  have  been  abready  considered ;  for  it  has  been 
shown  to  be  concerned  in  providing  the  mechanical  conditions,  either 
immediate  or  remote,  under  which  alone  these  functions  can  be  per- 
formed ;  so  that,  when  its  activity  ceases,  they  cannot  be  much  longer 
maintained.  But  the  influence  of  the  Nervous  System  is  not  alone 
exerted  upon  the  motor  or  contractile  tissues  of  tlie  body ;  for  there  is 
good  evidence  that  it  has  a  direct  operation  upon  the  molecular  changes 
which  constitute  the  functions  of  Nutrition,  Secretion,  &c. ;  and  this  view 
may  be  admitted  to  its  fullest  extent,  without  our  being  thereby  led  to 
r^^rd  the  processes  in  question  as  dependent  upon  Nervous  agency, — a 
doctrine  for  which  there  seems  no  valid  foundation.  Throughout  the 
Animal  body,  it  may  be  observed  that,  the  more  Vegetative  the  nature  of 
any  function,  the  less  is  it  under  the  influence  of  the  Nervous  System, 
save  where  that  influence  is  required  to  bring  it  into  harmony  with  other 
functions,  sometimes  by  exciting,  sometimes  by  checking,  and  some- 
times by  otherwise  modifying  them,  very  much  in  the  way  that  a 
rider  guides  and  controls  the  movements  of  his  horse. — It  is  evident  that 
this  influence  must  be  principally  exerted  through  the  Sympathetic  or 
Visceral  system  of  nerves,  since  a  large  proportion  of  the  organs  on  which 
it  operates  are  supplied  by  no  other :  and  hence  this  apparatus  has  been 
commonly  designated  the  *  Nervous  system  of  organic  life,'  as  distinguish- 
ing it  from  the  Cerebro-spinal  system,  which  is  the  *  Nervous  system  of 
animal  life.'  There  is,  however,  no  such  parallelism  between  them  as 
this  designation  would  imply  ;  for  whilst  the  operations  of  the  Cerebro- 
spinal system  essentially  constitute  the  Animal  life  of  the  individual, 
those  of  the  Sympathetic  cannot  be  fairly  said  to  do  more  than  control 
and  direct  those  of  Nutrition  and  Secretion. — ^We  shall  now  inquire 
into  the  structure  and  relations  of  the  Sympathetic  System ;  and  shall 
then  examine  the  nature  of  the  actions  which  there  seems  reason  to 
attribute  to  it. 

700.  Sympathetic  Nervous  System. — That  collection  of  scattered  but 
mutually-connected  ganglia  and  nerves,  of  which  tliis  apparatus  is  made 
up,  may  be  ranged  under  the  following  groups : — 1.  The  isolated  ganglia 
and  nerves  in  immediate  connection  with  the  Viscera,  which  seem  to  be 
the  chief  centres  of  the  system  ;  these  form  three  principal  plexuses,  the 
Cardiac  J  the  Solar^  and  the  Hypogastric,  2.  The  double  chain  of  Pre. 
vertebral  ganglia,  with  connecting  cords,  which  lies  in  front  of  the  Ver_ 
tebral  column,  and  which  commimicutes  on  the  one  hand  with  the  Spina  j 

this  title,  by  Bacc.  Med.  Oxon.,  1S50 ;  and  Mr.  Bishop's  treatise  "  On  Articalate  Soands, 
and  un  the  Cdoses  and  Cure  uf  I qj pediments  of  Speech." 


zao 


Olf&UeilCK  OF  THK  MEBfUCS  SfWrEM 


nerres,  and  on  the  other  with  the  before-named  plexnacB.  Under  thkl 
head  we  ahould  probabl  j  rank  the  miatiie  Cranial  g^ngli%  which  art  1 
aliased  in  the  neighbourhood  of  the  Oi^gzma  of  Senae^  and  in  iiimifidiBtel 
otnui^cdoQ  with  the  braDches  of  the  F^  pair  that  proceed  to  themjf 
these  are  the  ophthalmic^  otk^  sphtno^paiatme,  and  mibma^Hary  gangliikj 
3,  The  gangliu  on  the  poiterior  roots  of  the  Spinal  nerves  j  und^  whidij 
head  we  are  probably  to  rank  not  only  the  Gaj^erian  gan^on  of 
p'i^h  pair,  but  alao  the  ganglia  near  the  roots  of  the  PtaemnogaBtric  i 
GIoBSO-pliarjngeal  neires. — ^The  trunks  of  the  Sjmpathetic  are  made-ii 
of  difierent  orders  of  fibres;  some  of  theae  baying dieir  central  terminal  1 
tion  in  the  vesicular  matter  of  the  STinpathetic  ganglia  themaelves^  whilrtj 
others  are  derived  from  the  Cerebro-spinal  sj-slem.  The  firmer,  whickl 
are  all  of  the  *  gelatinoW  kind,*  are  most  abundant  in  the  great  Ytaosall 
plexuses ;  bnt  they  may  be  trsbced  from  the  prevertebral  ganglia  into  th«| 
Spinal  nerves>  part  of  them  proceeding  to  tli^  ganglia  on  ^eir  poatedo 
roots  (whence  fibres  are  given*off  tliat  mingle  with  their  apinal  £brea)i 
whilst  another  part  enter  the  anterior  roots  and  mingle  with  thtir  fibreAi| 
On  the  otiier  hand,  tlie  latter,  which  are  of  the  'tubular'  kind,  are  derive  * 
by  the  same  cords  of  communication  (these  being  commonly  termed  i  * 
*  roots'  of  the  Sympathetic,  but  being  really  conimiasural  banda  that  br 
the  two  syatenis  into  connection)  from  both  roots  of  the  Spinal  nerve 
and  pass  through  the  prevertebral  ganglia  into  the  Sympathetic  sys 
without  undergoing  any  ostensible  dmnge.  Thus  it  appe^ira  that 
Cerebro-epinal  and  Sympathetic  ^Btema  interpenetrate  on©  anoth^; 
having  its  own  series  of  ganglionic  centres,  and  of  trunks  connected  will 
tbem;  but  each  system  transmitting  its  fibres  into  the  trunks  of  T 
other,  eo  as  to  be  peripherally  distributed  with  their  ramificationa. 

701*  The  diBtrjbution  of  tJie  principal  trunks  and  branchea  of 
Sympathetic  eyetem  may  be  cxincisely  stated  aa  follows ; — L  Those 
the  Cardiac  plejtus  proceed  chiefly  to  the  Heart  and  great  blood-ve 
whence  they  are  continued,  with  reinfoTCements  derived -from  other  sub 
divisionSf  and  with  rtiuttitudes  of  minute  ganglia  in  thdr  course,  alon 
the  ram ilica tion B  of  the  Vascular  system  throughout  the  body,  embracing 
them  as  ivy  embraces  tlie  trunk  and  branches  of  a  tree.  Those  of  the 
Soiar  plexus  are  transmitted  in  part  to  the  mujcular  walk  of  the  Ali- 
mentary canal,  from  the  stomach  to  the  lower  end  of  the  colon ;  in  pari 
to  the  principal  arterial  branches  given-olF  from  the  aorta,  and  with  the 
to  the  liver,  pancreiis,  Bplecu,  and  kidneys,  as  also  to  the  testes  of 
male  and  the  ovaries  of  the  female.  Those  of  the  Hypogastric  plexua 
supply  the  muscular  walls  of  the  pelvic  viscera,  the  bladder,  nret" 
vagina  of  the  female,  and  rectum ;  besides  sending  branches  to  the  bk 
vessets  themselves. — 2.  The  branches  of  the  Frtvertebral  ganglia  of 
trunk  for  the  most  part  contribute  to  form  the  plexuses  just  descril 
Those  of  the  neck,  however,  fiimiji^  a  large  supply  to  the  carotid  \ 
round  which  they  form  a  plexus,  and  also  giire-off"  branchea  whic 
inoscnlafe  with  those  of  the  Pneumogastric  to  form  tlie  pharyngoil  aod 
laryngeal  jilexuaes ;  and  those  of  the  upper  part  of  the  thoi^yc  givte^off 
branches  which  inosculate  with  those  of  the  Pneumogaatzic  to  form  the 

*  It  must  be  carefully  borne  in  mind,  Uift^  ftltboagh  the  proper  SjiapftyMtie  &1si9 
M«  &tt  '  gtlitiDoiui,'  jrt^t  that  th9  Oenteo-Bkiioftl  i^ittixa  coutjiiaB  *  ecl&tiu^tta'  fibfii  d 
iu  owiij  which  ««  v«ry  abimdiuit  in  tone  p^ti^ 
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pnlmonaiy  plexus.  Of  the  ophthalmic  ganglion  (§  477),  the  branches  are 
distributed,  not  merely  to  the  iris,  whose  radiating  fibres  are  made  to 
contract  through  their  instrumentalitj,  as  already  explained  (§  608) ;  but 
also  to  the  vascular  apparatus  of  the  eyeball,  and  especially  to  the  ciliary 
processes,  which  seem  to  possess  a  sort  of  erectile  character.  The  otic 
ganglion,  which  communicates  with  the  third  division  of  the  Fiiih  pair 
and  with  the  Glosso-pharyngeal,  may  be  considered,  from  the  distribution 
of  most  of  its  branches  to  the  tensor  tympani  and  circiunflexus  palati 
muscles,  as  ministering  to  the  exercise  of  the  sense  of  Hearing,  in  some- 
what the  same  mode  tibat  the  ophthalmic  ganglion  seems  to  do  to  that  of 
vision  (§  632).  The  spheno-palatine  ganglion  (Fig.  129,  /),  whose  con- 
nections are  with  the  Fifth  and  the  Facial  nerves,  seems  in  like  manner 
to  minister,  by  the  distribution  of  its  branches  on  the  mucous  membrane 
of  the  nasal  cavity  and  the  palate,  to  the  senses  of  Smell  and  Taste.  Of 
the  submaxillary  ganglion,  which  also  is  chiefly  connected  with  the  Fifth 
and  the  Facial  nerves,  the  branches  proceed  almost  entirely  to  the  Sub- 
maxillary gland. — 3.  The  fibres  which  arise  firom  the  ganglia  on  the  pos- 
terior roots  of  the  Spinal  nerves  (if  really  belonging  to  tibe  Sympathetic 
system)  must  be  distributed  along  with  the  branches  proceeding  from  the 
trunks  which  they  help  to  form ;  as  must  also  a  part  of  those  fibres  which 
are  sent  from  the  proper  Sympathetic  ganglia  into  the  roots  of  the  same 
nerves,  a  large  part  of  them,  however,  being  distributed  upon  the  blood- 
vessels of  the  Spinal  Cord  itself. 

702.  If,  then,  it  be  inquired  what  inferences  we  are  entitled  to  draw 
respecting  the  ftmctions  of  the  Sympathetic  system  of  nerves,  firom  our 
knowledge  of  its  Anatomical  distribution,  we  are  at  once  justified  in 
replying,  that  a  large  proportion  of  the  Muscular  apparatus  which  directly 
ministers  to  the  Organic  ftmctions, — ^that,  namely,  which  surroimds  the 
alimentary  canal  from  the  stomach  downwards,  with  the  gland-ducts  which 
open  into  it, — ^that,  also,  which  forms  the  walls  of  the  bladder  and  uterus, 
of  the  ureters  and  Fallopian  tubes, — and  that,  too,  which  governs  the 
diameter  of  the  blood-vessels, — receives  no  other  nervous  supply;  and,  con- 
sequently, that  whatever  motor  influence  these  parts  may  receive  from 
Mental  states  or  from  excitation  not  applied  to  themselves,  this  system 
of  nerves  must  be  the  channel.  The  same  may  be  said,  too,  in  regard 
to  that  greater  portion  of  the  Glandular  apparatus,  which  is  exclusively 
supplied  by  the  Sympathetic  nerve,  and  chiefly  by  the  plexuses  that 
embrace  its  blood-vessels ;  since  any  such  alterations  in  its  rate  of  activity, 
or  in  the  character  of  its  products,  as  depend  upon  conditions  of  Mind, 
can  be  brought-about  through  no  other  instnmientality. — It  is  not  a 
little  remarkable,  however,  that  tliose  portions  of  the  Muscular  apparatus 
of  Organic  life,  which  most  obviously  exhibit  in  their  action  the  influence 
of  the  Nervous  system,  both  in  their  respondence  to  emotional  states  and 
in  their  *  sympathy*  with  disturbance  in  other  ftmctions, — ^namely,  the 
Heart  and  the  Stomach, — derive  a  considerable  part  of  their  nervous 
supply  directly  from  the  Cerebro-spinal  system.  And  it  is  still  more 
significant,  that  most  of  those  Glands  whose  function  is  occasional,  and 
whose  states  of  activity  are  most  obviously  influenced  by  affections  of  the 
Mind,  are  specially  supplied  by  Cerebro-spinal  nerves,  in  addition  to  the 
Sympathetic  plexuses  which  they  receive  on  the  walls  of  their  blood- 
vessels: thus,  the  Lachrymal  and  Salivary  glands  are  supplied   with 
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bimidies  of  tlie  Vlhh  and  Facial  nerves;  ^d  the  Maanranfy  gkiidsbj 

bmncliua  of  the  Intercogtals.  It  cannot  but  be  deemed  higMj  prohtblei 
theUt  from  t]ii»  circumstance  alone^  that  tba  inl^nence  of  mental  states 
upon  the  function  of  Secretion  msiy  be  exerted  through  the  oerrea  of  the 
C>rcbrcj-Bpinal  sjstonj,  hb  well  as  thxough  tbcwe  of  the  Sjmpatlictiie. 

liVS.  It  must  bo  In  virtue  of  tlio  cotmectioitB  of  the  Sjnipallijetic  iridi 
Uie  Cerobro'  spinul  By  stem  t  that  the  parts  which  are  solely  supplied  inik 
nerves  from  tJie  fonnerj  are  capable  of  transniitting  seiiaciiy  imppeascns 
to  tlie  Seiisoriunu  It  is  true  that^  luider  ordbary  circumstBncse^  tliae 
porta  iiro  insensible ;  that  is,  impresaiona  made  upon  them  do  not  tr«Tel 
onwards  through  the  Spinal  Cord  to  the  Encephalon  :  but  their  eetiaibility 
U  auutely  luanifeBted  in  morbid  slates,  in  which  the  impresdoiia  seem  to 
be  propagated  further  than  usual ^  in  virtue  of  their  greater  potency.  That 
it  is  the  olEc43  of  tlio  ganglia  on  die  roots  of  the  Spinul  nerves  to  "  cut-off 
Bensaiioii/^  that  is,  to  prevent  the  further  trausmiBsion  of  eenBory  imprea^ 
stans^  is  an  old  doctrine  \  and  there  eeems  much  reason  to  believe  that 
tliii*  may  Ixs  effected  by  tlie  free  communication  between  one  fibre  and 
Another f  winch  is  established  through  the  vesicular  substanoe  of  agu^lkn, 
80  that  the  whole  force  of  ordinary  impreaaions  on  the  nerve-£bm  k  loet 
In  diffuaion  among  the  rest  of  their  contente.  The  Kime  priaclple  aeeniA 
to  apply  to  tlie  motor  libres ;  for  there  are  caees  which  show  iJyit  when 
(ibrea  obviously  belonging  to  Cerebro-spinal  nerves  pass  through  Symp** 
Ihelic  ganglia,  they  do  not  so  rapidly  or  so  aurely  tzansnut  motor  impulaesy 
m  when  they  have  no  Buch  rektion  to  ganglia.* 

704.  Although  it  la  not  easy  to  obuin  definite  evidence  of  the  jqEh* 
©nee  of  the  Sym [pathetic  system  on  Mitscidar  Contraction^  aitiee  this 
influence  ia  extinguislRHj  within  a  sliort  time  oiler  death,  yet  it  has  been 
establialied  by  the  elaborate  reacorches  of  Prof  VaJenttn  and  otheral 
(§§  74,  210,  227),  that  contractiona  of  the  varioua  muacnlar  pouts  supplied 
by  the  three  great  Vii»ceral  plexuaes  may  be  excited  by  irritation  applied 
to  their  nerves  and  gjinglia.  But  Prof  V.  haa  further  shown,  that  the 
stnne  eftects  may  be  produced  by  irritating  either  tlie  Prevertebral  ganglia, 
or  the  cords  of  conmiunication  witli  the  Spinal  ner\'^ea  w^hicb  have  been 
florooiinics  called  the  *root8^  of  the  Sympatlietic,  or  the  roots  of  the  spinal 
nerves  ihitmsclvea.  It  results  from  his  inquiries,  that,  altliough  any  par- 
ticular divjBion  of  the  ^sympathetic  nerv^e  must  be  regarded  as  extremely 
complex  in  its  rclatioiis,  deriving  its  motor  fibres  from  many  different 
aotU't^s^  tlie  ultimate  distribution  of  these  fibres  is  aufttciently  simple,  «o 
that  ea^  organ  is  definitely  supplied  from  u  certain  |i<art  of  the  Cerehro- 
spina!  axia*  But  the  fibres  proceeding  from  the  roots  of  the  C€rc)>r.>- 
spinal  nerves  do  not  pass  into  the  neartM  orgmis,  being  transuji^'^  I 
through  three  or  more  of  the  prevertebral  ganglia  of  the  Sympatht^tit^ 
before  reaching  their  ultimate  destimition ;  thus  the  motor  6bres  of  tlia 
cardiac  plextis  are  principilly  derived  from  the  cerrical  portion  of  liie 
8pinal  Cord,  those  of  tlic  solar  plexus  from  the  thoraeie  region^  and  thoae 
of  the  h^>7K)gastnc  plexus  from  the  dorsal  region.  Bo,  again^  mm  hav« 
seen  that  tlie  dilatation  of  the  Pupil,  which  immediately  depends  on  tba 

•  ^m  McTvrs.  Klrkm  and  Puget^a  '*  HnudbODk  of  PhjiloloCT,*^  p*  120. 

f  Aa  by  Ludurig,  see  ^'^itiuopber.  d.  Wlea,  Ak«d.p"  IM7  [  Bidi,  see  Mi»mmt't 
"Jahrcftbirklit/'  1853  ;  Builifts,  '*  Uotereucfauugeii  UWr  cIha  Kcrvea  ^/stei**.**  hwad  I; 
Sehiff,  **a^iu|jt4a  Kijadus,"  IMOatid  18^2  ;  C.  Bernard,  **CwailJtc«  fioadu^**  UQ% 
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insfcmmentality  of  the  Sympathetic  nerve,  is  called- forth  also  by  irritation 
of  the  roots  of  the  Spinal  nerves  in  the  cervical  region  (§  639). 

705.  The  effects  of  section  and  of  galvanization  of  the  cut  extremities 
of  the  Sympathetic  nerve  in  the  neck,  have  been  carefully  investigated 
by  Bernard,  Waller,  Brown- S^quard*  and  others.  On  dividing  the  nerve, 
the  blood-vessels  of  that  side  of  the  head  dilate,  and  with  the  freer  cur- 
rent of  blood  which  is  there  established  through  the  capillaries,  an  increase 
of  the  vital  properties  of  all  the  tissues  on  the  same  side  of  the  head  is 
associated.  Thus  the  sensibility  of  the  retina  for  light  appears  to  be 
augmented,  whence  follow  contraction  of  the  pupil,  retraction  of  the  globe 
of  the  eye,  partial  closure  of  the  eyelid,  and  projection  of  the  membrana 
nictitans  (where  present)  with  increased  flow  of  tears.  The  temperature 
and  sensibility  of  the  skin,  and  the  cutaneous  secretions,  are  also 
much  increased, — the  temperature  in  some  of  Dr.  Waller's  experi- 
mentsf  rising  as  much  as  18°  Fahr.,  and  the  skin  in  some  of  M. 
Bernard's  being  bathed  with  perspiration.  The  colour  of  the  venous  blood 
assumes  a  brighter  hue,  and  its  coagulation  is  more  rapid.  The  muscles 
respond  more  readily  to  weak,  and  more  energetically  to  strong  stimuli, 
and  retain  their  irritability  longer ;  rigor  mortis  consequently  setting  in 
more  slowly  and  enduring  for  a  longer  period ;  whilst  it  further  appears 
from  Snellen's  researches}  that  even  the  inflammatory  and  reparative  pro- 
cesses, as  the  eflusion  of  serum,  the  formation  of  pus,  the  absorption  of 
efiused  blood,  and  the  cicatrization  of  wounds,  take  place  with  very  much 
greater  energy  and  rapidity.  On  the  contrary,  when  the  upper  cut  extre- 
mity of  the  nerve  is  galvanized,  all  these  phenomena  are  reversed ;  for 
now,  as  a  consequence  of  the  contraction  of  the  blood-vessels  and  the 
diminished  supply  of  blood  which  ensues,  the  vital  properties  of  the 
tissues  are  diminished,  the  pupil  dilates,  the  eyelid  is  widely  opened, 
the  temperature  and  sensibility  of  the  parts  decrease,  the  contractile  power 
of  the  muscles  is  less  strongly  marked,  their  normal  galvanic  current  is 
feeble,  and  cadaveric  rigidity  sets-in  quickly  and  soon  passes  ofE,  putre- 
&ction  immediately  supervening.  The  effects  produced  by  section  of 
the  Sympathetic  in  the  neck  are  much  more  strongly  marked  when  the 
cervical  ganglia  are  destroyed,  and  Bernard  §  states  that  closely  similar 
results  follow  section  of  the  Sympathetic  nerves  distributed  to  the  vessels 
of  the  extremities.  In  these  later  experiments  he  found  that  division  of 
the  roots  of  the  spinal  nerves  within  the  spinal  canal,  though  abolishing 
sensation  and  motion  in  the  limb  beyond,  yet  produced  no  effect  upon  its 
temperature ;  whilst  if  after  such  section  the  sciatic  or  brachial  nerves 
were  divided,  an  immediate  exaltation  of  temperature  ensued ;  clearly 
showing  that  the  nerve-fibres  devoted  to  the  conduction  of  sensory  and 
motor  impulses  issuing  from  the  spinal  cord  had  been  joined  by  a  third 
set  of  fibres,  either  proceeding  directly  from  the  sympathetic  ganglia,  or 
through  and  beyond  these  from  some  part  of  the  cerebro-spinal  system, 
the  office  of  which  is  to  preside  over  the  contraction  of  the  vessels  and 
calorification.  A  further  corroboration  of  this  view  was  obtained  by  expe- 
riments in  which  the  lumbar  ganglia  of  the  Sympathetic  were  destroyed, 

*  See  "  Lectures  on  the  Central  Nenrons  System/'  1860,  lectures  ix.  and  x. 
t  **  Comptes  Rendus,"  1863.        t  Henle  and  Meissner's  "Bericht,"  1857,  p.  373. 
§  See  *' Gazette  Hebdomad./'  AoClt,  1862  ;  '*  Comptes  Bendos,"  toI.  it  1862  ;  and 
'*  Joornal  de  la  Physiologie,*'  vol.  v. 
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when  the  vascular  cbangeB  and  the  increafle  of  temperature  m  the  lowerl 
limb  were  observed  without  the  occuirenco  of  any  paralysis.    Dr.  WaUer* 
has  ihown  that  some  of  the  results  of  irritntiou  of  the  cervical  portion  of 
the  sympathetic  may  be  uiado  apx>arent  during  life  by  pressure  of  the 
point  of  the  finger  behind  the  ramus  of  the  jaw,  though  tliey  are  associated! I 
with  other  phenomena  proceeding  froiu  irritatiou  of  the  pueumogaatricJ 
The  more  important  symptoms  observed  Tvere    dyBpuoea,  cardiac  an4l 
gastric  disturbance,  tiugling  and  heat  of  the  ear,  lasting  tor  upwards  oil 
half  an  hour,  and  in  one  instance  dilatation  followed  by  contraction  ot\ 
tiie  pupH.     Dr.  Wallerf  has  also  ingeniously  shown  the  effects  of  yjaralja* 
of  the  vasomotor  nerves  of  the  arm  in  the  livuig  body^  by  applying  a  ] 
fi^eaing  mixture  to  the  ulnar  nerve  at  the  elbow ;   the  effect  in  the  firafr J 
instance  being  to  produce  a  fall  of  temperature  equal  to  about  0*5"  C.  in  ' 
the  two  inner  fingers ;  but  as  the  vasomotor  nerves  became  paralysed,  the 
temperature  gradually  rose  till  it  attained  a  height  of  from  5°  to  G^  C 
above  that  of  the  outer  fingers:  the  difierenco  bctw^een  tlie  outer  and  inntr  \ 
fingers  appeared  to  be  partially  attributable  to  a  decrease  in  the  tempera-  ' 
ture  of  the  former  as  well  aa  to  an  increase  in  that  of  tlie  latter,  owing  to 
the  diversion  of  part  of  the  blood  of  the  radial  into  tlie  ulnar  artery, 

706,  It  is  a  point  of  great  difficulty  to  determine  whether  the  dilatation 
of  the  vessels  of  any  part  which  foHows  paralysis  or  section  of  the  Sympa- 
thetic nerves  is  m.mplj passive ;  or  whetlier  some  agency  works  here,  a&  in  ] 
the  so-called  inhibitory  influence  of  tlie  pneumogastric  nerves  upon  the 
heart,  and  of  the  splanchnic  nerves  upon  the  small  intestine,  to  produce 
relaxation  of  the  muscular  fibres,  and  a  consequent  active  dilatation  of  the 
vessels*  M*  Bernard,  who  supports  the  latter  opinion,  refers  to  the  espe-  \ 
riments  already  alluded-to  on  the  salivary  glands  and  tlieir  nerves  ( §  SO), 
as  showing  that;,  besides  the  influence  conducted  by  the  f^uipathetic  cords 
and  inducing  contraction  of  the  muscular  walls  of  the  vessels  distributed 
to  those  glands,  an  active  dilating  power  proceeding  from  eerebro-spinaJ 
centres  is  exerted  upon  them,  inducing  an  instantaneous  increase  in  the  flow 
of  blood  through  the  vessels ;  and  Schiff  observes  that  if  the  skin  of  the  ear 
of  a  rabbit  be  lightly  tickled,  a  local  dilatation  immediately  follows  in  tli© 
arterial  tnmks  supplying  that  part,  which  will  take  place  even  if  the 
suj>erior  cervical  sympathetic  ganghon  have  been  previously  excised,  or  tlie 
cord  of  the  sympathetic  divided  in  the  neck  j  though  it  ceases  to  occur, 
unl&ia  the  stimulus  applied  be  much  stronger,  when  the  cerebro-spinal 
nerves  distributed  to  the  auricle  are  divided.  Scluff^j  however,  whilsl  _ 
agreeing  witli  Bernard  as  to  the  occurrence  of  an  active  dilating  influe 
being  exerted  upon  the  muscular  coats  of  the  vessel s^  maintains,  in  oppo- 
edtion  to  the  results  of  the  experiments  above  related  (5  705),  that  all  the 
vasomotor  nerves  of  the  trunk  and  extremities  originate  in  the  Medidla 
Oblongata,  and,  descending  through  the  spinal  cord,  issue  with  tlie  anterior 
roots  of  tJjo  spinal  nerves ;  for  he  has  observed  a  marked  elevation  of 
temperature  in  the  foot  and  lower  part  of  the  leg  of  animals  in  which  he 
had  divided  the  anterior  roots  of  tJie  siicral  nerves,  and  in  the  tem|>erat\u-c 
of  the  upper  part  of  Uie  leg  after  section  of  the  anterior  roots  of  tlie  thn?e 
or  four  lower  dorsal  nerves.  In  the  face  of  these  discrepant  reaults, 
obtained  by  able  experimenters,  it  is  obvious  that  no  general  conclusiooi  , 


*  i« 


Proc«dlflga  of  the  Eojftl  Sooietj^,"  vol.  xi.  p. 
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can  be  drawn  as  yet  respecting  the  real  origin  of  the  sympathetic  vaso* 
motor  fibres. 

707.  It  can  only  be  through  the  Nervous  System  that  the  Muscular 
apparatus  of  Organic  life  is  acted-upon  by  states  of  Mind.  Although  no 
exertion  of  the  Will  can  produce  any  eflfect  upon  any  part  of  it,  yet  there 
are  various  organs  whose  muscular  walls  are  influenced  on  the  one  hand 
by  Emotional  states,  and  on  the  other  by  the  state  of  Expectant  Attention. 
The  Heart  sympathizes  so  much  with  the  emotions,  that  the  language  of ' 
almost  all  civilized  nations  refers  to  it  as  the  seat  of  the  *  feelings*  (§216); 
but  we  have  as  yet  no  certain  evidence  whether  this  influence  is  trans- 
mitted through  the  Sjrmpathetic  or  through  the  Pneumogastric  nerve. 
The  former  seems  the  more  probable  channel,  when  we  bear  in  mind 
that  it  can  be  through  the  Sjrmpathetic  alone  that  those  alterations  in  the 
diameter  of  the  blood-vessels  take-place  which  give-rise  to  the  blush  of 
modesty  or  shame,  or  to  the  pallor  which  alternates  with  this  in  many 
states  of  mental  agitation.*  So,  again,  the  influence  of  Emotional  statues 
is  strikingly  manifested  in  the  production  of  the  peculiar  turgescence  of 
the  Erectile  tissues  (§  255) ;  and  here  we  have  a  striking  example  of  the 
utter  powerlessness  of  the  WiU,  in  the  well-known  fact,  that  no  amount 
of  sexual  desire  wiU  produce  erection,  if  the  mind  be  possessed  with  any 
feeling  of  doubt  or  apprehension  as  to  the  existence  of  the  sexual  ability. 
The  muscular  walls  of  the  Alimentary  canal  seem  frequently  to  be 
excited  to  increased  action  by  agitating  emotions ;  but  it  may  be  doubted 
how  fer  this  is  a  primary  effect  of  the  mental  state,  or  how  far  it  is  con- 
sequent upon  the  influence  of  that  state  upon  the  Secretions  poured  into 
the  canal  (§  710). — The  influence  of  the  state  oi  expectant  attention,  as 
of  the  emotions,  is  strongly  manifested  in  the  case  of  the  Heart ;  the 
action  of  which,  as  Sir  H.  Holland  has  remarked,  "  is  oflen  quickened 
or  otherwise  disturbed  by  the  mere  centering  the  consciousness  upon  it, 
without  any  emotion  or  anxiety.  On  occasions  where  its  beats  are 
audible,  observation  will  give  proof  of  this,  or  the  physician  can  very 
oflen  infer  it  while  feeling  the  pulse ;  and  where  there  is  liability  to 
irr^ular  pulsation,  such  action  is  seemingly  brought-on,  or  increased, 
by  the  effort  of  attention,  even  though  no  obvious  emotion  be  present.*'f 
There  can  be  no  doubt  that  the  movements  of  the  lower  part  of  the 
Alimentary  Canal  are  capable  of  being  affected  in  a  similar  manner ; 
since  we  may  frequently  trace  the  rapid  descent  of  the  faecal  mass  into 
the  rectum,  when  we  expect  to  be  shortly  able  to  discharge  it ;  and  it  is  in 
great  part  in  this  mode,  that  habit  operates  in  producing  a  readiness  for 
defecation  at  particular  times,  and  that  bread-pills  and  other  supposititious 
purgatives  imload  the  bowels.^J 

*  The  pallor  of  extreme  fear  or  terror  is  probably  dne  rather  to  a  state  tending  to 
Syncope,  arising  from  a  partial  failure  of  the  Heart's  action. 

t  *' Chapters  on  Mental  Physiology,"  p.  16. 

X  The  Aathor  may  mention  the  two  following  cases,  which  have  fallen  within  hia  own 
knowledge,  as  cnrions  illustrations  of  the  inflnence  of  mental  states  apon  the  movements 
of  the  alimentary  canal. — The  first  of  these  occarred  in  the  person  of  a  literary  man,  of  a 
somewhat  hypochondriacal  temperament,  who  had  been  troubled  with  continued  costive- 
ness,  for  which  he  had  been  accustomed  to  take  an  aperient  pill  daily.  Finding  that 
this  ceased  to  have  its  usual  effect,  and  being  fearful  of  increasing  his  regular  dose,  he 
applied  for  advice  to  a  practitioner,  who,  having  had  former  experience  of  what  Mental 
agency  alone  would  do,  determined  to  try  its  effect  in  this  instance.    Seating  his  patient 
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708.  Eviiience  deriTed  irom  vaiioiu  lonrcea  has  be^  collected  hf- 
M.  Brown- Seqiuird^  tending  to  show  that  reflex  actions  m^j  tnke  pUm] 
not  only  tiirongh  the  Cerebro-spinal  nervei,  but  ako  tbrongb  the  coitU  ] 
and   ganglia   of  the   Synifnathetic   system;    and  be  has  addnced  man^.] 
infitancea  of  irritation  applied  to  parts  supplied  by  these  nerveEbdng. 
propagated  to  great  distances,  and  ultdmatelj  exerting  an  inffnenoe  either  i 
on    strmted  or  fwngtriated  muscular    tismCj    producing   spasmodic    oTi 
persistent  contraction,  or  atrophy ;  or  npon  nervouB  tts^fuej   producing* 
paralysia,  ansestheaia,   or  byperse-Sthesia ;  or  upon  glandttlar  structurt$^ 
cauBing  increased  or  altered  secretion ;  or,  lastly,  upon  the  anbstanc^  o/ 
the  iisstie  iis^l/j  effecting  a  modification  in  the  nutritive  fijnctionsj  m 
indicated  by  alterations  in  its  structure  and  changes  in  its  tampermtoTB 
and  vital  properties.     The  effects  of  irritation  of  the  peripheral  hiiuioli«A^ 
of  the  Sympathetic  nerves  upon  the  voluntary  muscles  are  often  witne 
in  the  Strabismus  and  epileptiform  seizures,  which  are  frequently 
aioned  by  the  presence  of  worms  in  the  intestinal  canal;  whilst  the  infill'-*! 
enee  exerted  upon  the  unstriped  form  of  muBcular  tissue  may  be  seen  in  ( 
the  irregular  contractions  of  the  intestines,  accompanied  by  colic  and 
diarrhosa,  which  are  produced  by  the  passage  of  unwholesome  substances 
through  the  digestive  tract.     The  inSuence  of  such  irritation  iti  pro-  ■ 
dncing  reflex  paralysis,  or  some  other  symptom  indicative  of  disorder  of  * 
the   nervouB   system,  may  be   proved  by  reference   to   m&nj  recorded 
cases  of  paraplegia   induced  by  disease  of  the  bladder,   proetate,    or 
kidney,    and   to   a    similar    effect  produced    in   childreji  by  irritation 
of  the  dental  nerves  or  of  the  bowels.      Examples  of  tlie  reflex  nctioii 
of  tlie  nervous  system  upon  glands  through   fibres  bdonging  to  the 
Ctrehro-spinal  eystem  have  been  already  njentioned  in  the  description 
of  the  hepatic  (g  381),  salivary  (§  80),  and  kchrymal  (§  710)  glands;  and 
there  are  various  instances  on  record  of  a  similar  effect  b^ng  prodaoedj 
through  the  agency  of  the  Stfmpathetk  system,  as  in  the  case  of  di^"  ' 
of  the  ceaophagus,  described  by  Dr,  Gairdnor,  in  which  a  quantity  i 
saliva,  amounting  to  from  foiu-  to  six  omices,  was  secreted,  during  th«l 
injection  of  a  meal  of  broth  into  the  stomach ;  and  in  the  instance  ob 
by  M.  Brown- S^quard  of  the  secretion  of  gastric  juice  following  inje 
of  warm  water  into  the  rectnm  of  a  dog  in  which  a  gastric  fintula  had 
been  formed.      Various  examples  of  disturbance  of  vasomotor  nerves, 
apparently  of  a  similarly*reflex  character,  supervening  in  the  course  of 

before  tim,  wjth  the  ftbdomeii  tiBeoYeted,  he  desired  him  to  fix  bU  mtt«nUon  %n%m^ 
upon  bis  ftbtlomlrtal  sensationi,  imd  aEHuret)  btm  thai  in  n  ehart  time  he  was  qaite  e 
thflt  he  wouIJ  b^gm  to  fee!  a  movement  in  his  bowela,  which  wodM  end  in  m 
eracuAtion.     He  himself  did  nothing  bnt  look  ateajlily  at  his  pjitient,  witlj  m 
great  determinailon  and  contidenoe,  tLud  point  hi&  finger  at  tbe  ahdomen,  njo^iDg  it  i 
the  tsah  of  the  cnlon,  and  (as  it  were)  in  the  course  of  the  convolntionm  of  the  iiml 
teetinee^  eo  oe  to  aid  the  patieat  in  fixing  hie  attention  upon  ihem.     In  a  abati  time  1 
earp«cied  maTementa   were  felt,  and  a  copions  evacnatioo  Koon  fuUowed  ;  and  ftn-  man 
time  afterwards,  the  bowels  contiauetl  to  act  freely  withoDt  medtclne.^In  the  olher  < 

a  Lecturer  at  a  public  lustiiutien  wa«  seised  with  a  strong  impube  to  defecation  do 

hia  lecture  ;  and  was  greatlj  inconvenionced  hj  the  effurt  neoenwx  to  re«liMa  if 
Before  every  Btibsetiuetit  lecture  in  the  same  plaee,  the  oame  imptilae  retamed  npon  fata 
notwithsUnding  that  be  might  have  prev^iondy  nnluaded  hii  htv^la  e|»ewfaere^     In  \h\ 
caas,  tbeire  wa«  obviously  a  state  of  appreheniiion  coin  hi  tied  with  the  iimpleanticipaikii*! 
but  the  iaflacncc  of  the  hitter  ie  aliown  by  the  fact,  ihat  iu  no  Other  pkce  did  thb  iojl- 
vidaal  expericute  the  impulse  in  question  under  the  Itkc  circumataucue. 
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chronic  diseases,  have  been  collected  by  M.  Leudet;*  who  especially 
refers  to  changes  in  the  sensibility,  motion,  and  temperature  of  different 
parts  of  the  body,f  as  for  instance,  flying  muscular  pains,  formication, 
numbness,  "  dying  out"  of  one  or  more  fingers,  and  paralysis  occurring  in 
phthisis,  scurvy,  and  Saturnine  poisoning. 

709.  The  influence  of  the  Nervous  System  upon  those  formative  pro- 
cesses which  constitute  the  function  of  Nutrition,  is  less  evident  than  it  is 
upon  the  Secretory  operations ;  and  the  nature  of  this  influence  is  rather 
to  be  inferred  from  the  results  of  its  withdrawal,  than  to  be  demonstrated 
in  any  more  direct  manner.  These  results  are  chiefly  to  be  seen  in  the 
altered  nutrition  of  parts  exposed  to  external  impressions,  as  the  integu- 
ments generally,  but  particularly  those  of  the  extremities ;  and  they  may 
be  generally  expressed  by  the  statement,  that  the  withdrawal  of  nervous 
influence  from  a  part  renders  it  less  able  to  withstand  the  destructive 
influence  of  physical  agencies.  It  has  been  clearly  shown,  however,  by 
the  careful  experiments  of  M.  Brown- S^quard,  that  a  great  part  of  the 
injurious  effects  which  may  be  observed  to  follow  injuries  of  the  nerves 
of  the  extremities,  experimentally  inflicted,  are  traceable  to  want  of  power 
on  the  part  of  the  animal  (consequent  upon  the  paralyzed  state  of  the 
limbs)  to  withdraw  them  from  irritating  impressions;  and  must  not  be 
attributed  to  any  deterioration  of  the  formative  operations,  directly 
resulting  from  the  withdrawal  of  nervous  agency.  The  following  case, 
however,  which  is  given  by  Mr.  PagetJ  on  the  authority  of  Mr.  Hilton, 
seems  more  unequivocally  to  establish  this  connection : — "  A  man  was  at 
Guy's  Hospital,  several  years  ago,  who,  in  consequence  of  a  fracture  at 
the  lower  end  of  the  radius,  repaired  by  an  excessive  quantity  of  new 
bone,  suffered  compression  of  the  median  nerve.  He  had  ulceration  of 
the  thumb,  and  of  the  fore  and  middle  fingers,  which  had  resisted  various 
treatment,  and  was  cured  only  by  so  binding  the  wrist,  that  the  parts  on  the 
palmar  aspect  being  relaxed,  the  pressure  on  the  nerve  was  removed.  So 
long  as  this  was  done,  the  ulcers  became  and  remained  well ;  but  as  soon  as 
the  man  was  allowed  to  use  his  hand,  the  pressure  on  the  nerves  was  removed, 
and  the  ulceration  in  the  parts  supplied  by  it  returned."  Mr.  Paget§  also 
mentions  the  following  curious  case : — "  A  lady  who  is  subject  to  attacks  of 
what  are  called  nervous  headaches,  always  finds  next  morning  that  some 
patohes  of  her  hair  are  white,  as  if  powdered  with  starch.  The  change  is 
effected  in  a  night ;  and  in  a  few  days  afler,  the  hairs  gradually  regain 
their  dark  brownish  colour." — That  such  effects  are  rather  to  be  attributed 
to  the  loss  or  perversion  of  the  influence  of  the  Sympathetic  system,  than 
to  that  of  the  Cerebro-spinal,  would  appear  from  the  fact  noticed  by 
Magendie  and  Longet,  that  destructive  inflammation  of  the  eye  ensues 
more  quickly  afler  division  of  the  Fiflh  pair  in  front  of  the  Gasserian 
ganglion,  than  when  the  division  is  made  through  the  roots  of  the  nerve, 
between  that  ganglion  and  the  brain ;  the  Sympathetic  filaments  which 
exist  largely  in  this  nerve,  being  interrupted  in  their  course  to  the  tissues 
in  the  former  case,  but  not  in  the  latter.  So  Dr.  Axmann  foimd,  that 
when  the  Spinal  nerves  of  Frogs  were  divided  in  front  of  their  Prever- 
tebral ganglia,  the  nutrition  of  the  parts  supplied  by  them  was  much 

♦  "Archives  G6n6rales  de  MMccine,"  1864,  vol.  i.  p.  150. 
t  See  also  Wakhe,  "  Treatise  on  Diseases  of  the  Lungs/'  1860,  p.  458. 
t  **  Lectures  on  Surgical  Pathology,"  vol  i.  p.  48.  §  Op.  cit.  p.  46. 
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more  injunousljr  alfected,  than  it  was  wlien  tlie  iection  waa  made  between 
these  ganglia  and  the  Spinal  Cord»     And  this  inference  is  ftxriher  sup- 
ported by  the  genend  restdt  of  obaetration^  that  atrophy  of  parts  supplied 
bj  the  Spinal  nerves  is  much  greater  when  the  sensory  (gaugliated)  as  weD 
aa  tiie  motor  roots  are  involvedj  than  when  the  latter  alone  are  paralyzed.* — 
In  considering  these  and  similar  caaesi  howeyer,  caution  is  requisite  to  avoid 
confounding  die  effects  of  imtation  producing  reflex  action  of  an  abnormd 
character,  with  those  of  absence  of  action  of  the  nervous  system  in  any  part, 
owing  to  disease  or  injury  of  the  nervous  trunks.  Simple  absence  of  aetioD 
umially  produces  but  little  effect.     Irritation,  on  the  contrary^  especially  in 
nerves  distributed  to  the  skin,  is  oHen  foUowed  by  cutaneous  emptiona^  as 
Herpes,  Pemphigus,  <S:c.f    An  interesting  case  of  the  results  of  abs^ice  of 
action  has  been  recorded  by  Mr,  Jon.  Hutchinson,^  where  a  deep  cut  of  the 
wrist  was  received,  which  was  followed  by  swelling  and  blisii^rLng  of  the 
fore-finger,  the  temperature  of  which  was  lowered  to  10**  Faiir.  below  that 
of  the  thumb  (76^  :  86**).    In  this  instance  there  was  complete  insensihility 
of  the  last  and  part  of  the  second  phalanx,  the  latter  symptoms  enduring 
for  two  years.    Again  in  the  inflammation  just  alluded- to  as  occurring  in 
the  eye  after  section  of  the  Fifth  nerv^e,  the  mere  act  of  division^  if  this 
be  accomplished  by  a  clean  cut^  appears  to  have  but  little  effect  when  tlie 
eye  is  carefulty  protected;  but  the  nutrition  of  the  part  is  m  far  altered,  that 
exposure  to  soiirces  of  irritation,  which  in  the  sound  eye  are  inoperative, 
are  now,  owing  to  diminished  power  of  resistance,  sufficient  to  occamon 
acute  inflammation ;  §  and  the  same  explanation  may  probably  be  offered  for 
the  changes  occurring  in  the  lungs  after  section  of  Pneumogastrics  {§  281), 
710,  The  influence  of  particular  conditions  of  tlie  Mind,  in  exciting, 
suspending,  or  modifying  various  Secretions,  i&  a  matter  of  daily  experience 
The  Lfichrifmitl  eecretion,  for  example,  which  la  continually  bei^g  fonned 
to  a  smull   extent  for  tlie  purpose  of  bathing  the  surface  of  the  eye,  i 
poured -out  in  great  abtmtlance  under  the  moder.ite  excitement  of 
emotions,  either  of  joy,  tenderness,  or  grief     It  is  checked,  however^  by 
violent  emotions ;  hence  in  intense  grief,  the  tears  do  not  flow ;  and  it  is 
a  well'-known  indication  of  moderated  sorrow  when  the  gush  takes  place^ 
this  very  act  affording  a  further  rehef     The  flow  of  Sofiva^  agsiln,  b 
stimulated  by  the  sight,  the  smell,  the  taste,  or  even  by  the  ihrnt^jhi  of 
food,  esq>ecia]ly  of  such  as  is  of  a  savoury  character.     On  tlie  odier  hand, 
violent  emotion  may  susfjend  the  s;ili%-ary  secretion  ;  as  is  »howti  by  the 
well-known  trat,  often  resorted-to  in  India,  for  the  discovery  of  m'tlikif 
amongst  the  servants  of  a  family, — that  of  compelling  all  the  parties  to 
hold  a  certain  quantity  of  rice  in  the  mouth  during  a  few  minutes,— the 
offender  being  generally  distinguished  by  the  comparative  dryness  of  his 
mouthM  at  &e  end  of  the  experiment.     There  is  much  reason  to  belicrrs 
that  the  secretion  of  Qaatric  fluid  is  aflected,  in  the  same  manner  ma  that 
of  the  saliva,  by  the  impressions  made  by  food    upon  tlie  senses ;  ^ 
it  has  been  ascertained  by  Bidder  and  8chmidt||  that   it  ia  copiously 

♦  P^gtjt,  Op.  cit.  p.  48* 

t  Se*  M,  Chftrcot'H  cases  iQ  "  Joamal  de  In  PbjTiiologie/*  1SG0,  toI*  iL  p,  108* 
i  "Hod.  Timea  md  Gna.,"  toI  il  1863,  p.  197. 

f  See  the  report  of  Snellen's  reftenrches  in  HenJc  and  Meiaflnei^a  "  Bericht"  for  liSTi 
p.  370  ;  untl  Bcittneir  in  "  Ze»t*chHft  L  Kat.  Medicin,"  band  xt,  p.  264. 
II  Op,  mi.  p.  S&. 


ON   THE   ORGANIC  FUNCTIONS.  739 

efiiifled  into  the  stomachs  of  dogs  that  have  been  kept  fasting,  when 
flesh  or  any  other  attractive  food  is  placed  before  them.  That  the 
secretion,  on  the  other  hand,  is  entirely  suspended  by  powerful  mental 
emotion,  seems  almost  certain,  firom  the  well-known  influence  which  this 
has  in  dissipating  the  appetite  for  food,  and  in  suspending  the  digestive 
process  when  in  active  operation.  As  a  cheerful  state  of  feeling,  on  the 
other  hand,  seems  to  be  decidedly  fevourable  to  the  performance  of  the 
digestive  function,  it  probably  exerts  a  beneficial  influence,  as  to  both 
quantity  and  quality,  on  the  secretion  of  gastric  fluid.  Of  the  influence 
of  mental  states  on  other  secretions  concerned  in  the  reduction  and  appro- 
priation of  the  food  (such  as  the  Biliary,  Pancreatic,  and  Intestinal  fluids), 
neither  observation  nor  experiment  has  as  yet  afforded  any  satisfectory 
information.  It  is  a  prevalent,  and  perhaps  not  an  ill-foimded  opinion, 
that  melancholy  and  jealousy  have  a  tendency  to  increase  the  quantity, 
and  to  vitiate  tiie  quality,  of  the  Biliary  fluid.  Perhaps  the  disorder  of 
the  organic  functions  is  more  commonly  the  source  of  the  former  emotion 
than  its  consequence ;  but  it  is  certain  that  the  indulgence  of  these  feel- 
ings produces  a  decidedly  morbific  effect  by  disordering  the  digestive 
processes,  and  thus  reacts  upon  the  nervous  system  by  impairing  its 
healthy  nutrition.  A  copious  secretion  of  fcetid  gas  not  unfrequently 
takes-place  in  the  intestinal  canal,  imder  the  influence  of  any  disturbing 
emotion ;  or  the  usual  fluid  secretions  from  its  walls  are  similarly  dis- 
ordered. The  tendency  to  Defecation  which  is  commonly  excited  imder 
such  circiunstances,  is  not,  therefore,  due  simply  to  the  relaxation  of  the 
sphincter  ani  (as  commonly  supposed) ;  but  is  partly  dependent  on  the 
imusually-stimulating  character  of  the  faeces  themselves.  The  same  may 
be  said  of  the  tendency  to  Micturition,  which  is  experienced  under 
similar  conditions ;  the  change  in  the  character  of  the  Urine  becoming 
perceptible  enough  among  many  animals,  in  which  it  acquires  a  power- 
iully-diBagreeable  odour  under  the  influence  of  fear,  and  thus  answers  the 
purpose  which  is  effected  in  others  by  a  peculiar  secretion.  The  halitus 
from  the  Lungs  is  sometimes  almost  instantaneously  affected  by  bad  news, 
so  as  to  produce  fcetid  breath.  The  odoriferous  secretion  of  the  Skin, 
which  is  much  more  powerful  in  some  individuals  than  others,  is  increased 
imder  the  influence  of  certain  mental  emotions  (as  fear  or  bashfulness), 
and  commonly  also  by  sexual  desire.  The  Sexual  secretions  themselves 
are  strongly  influenced  by  the  condition  of  the  mind.  When  it  is  fre- 
quently and  strongly  directed  towards  objects  of  passion,  these  secretions 
are  increased  in  amount,  to  a  degree  which  may  cause  them  to  be  a  very 
injurious  drain  on  the  powers  of  the  system.  On  the  other  hand,  the 
active  employment  of  the  mental  and  bodily  powers  on  other  objects,  has 
a  tendency  to  render  less  active,  or  even  to  check  altogether,  the  processes 
by  which  they  are  elaborated.* 

*  This  is  a  simple  Physiological  fact,  but  of  liigh  Moral  application.  The  Author 
'Would  say  to  those  of  his  yonnger  readers,  who  urge  the  wa^ts  of  Nature  as  an  excuse  for 
the  illicit  gratification  of  the  sexnal  passion,  "  Try  the  effects  of  close  mental  application 
to  some  of  those  ennobling  parsaits  to  which  your  profession  introduces  you,  in  combina- 
tion with  vigorout  bodily  exercise  (for  the  effects  of  which  see  §  643),  before  you  assert 
that  the  appetite  is  unrestrainable,  and  act  upon  that  assertion.'*  Nothing  tends  so 
much  to  increase  the  desire,  as  the  continual  direction  of  the  mind  towards  the  objects 
of  its  gratification,  especially  under  the  favouring  influence  of  sedentary  habits  ;  whilst 
nothing  so  effectually  represses  it,  as  the  determinate  exercise  of  the  mental  faculties 
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711.  No  Secretion  so  stroDgly  timnlfestB  the  influence  of  the  Xerrmn 
BjBtem,  and  ^peciuUj  of  Emotional  statet^  both  upon  iu  quantitj  and  its 
quality,  aa  that  of  the  Manmuxjy  glanda.  Although  the  production  of 
MiOct  T^'hea  once  established,  continually  goea-on  in  die  breasts  of  a 
nursing  female,  yet  it  ia  obviously  accelerated  in  the  fii«t  instance,  and 
augmented  alterwards,  by  the  Tnechanical  irritatiou  of  the  nipple  pro- 
duced  by  the  suction  of  the  infant;  and  thia  alone  (or  in  combination 
with  the  strong  dtjsirc  to  fiiruish  milk)  has  been  effectual  in  producing 
the  secretion  in  girla  and  old  women,  and  even  in  men.  Again,  in  ; 
the  nursing  fem^e  the  secretion  is  often  suddenly  augmented  by^  tha 
sight  of  the  infant,  or  even  by  the  thought  of  him  in  absence,  especiallj 
when  associated  with  the  idea  of  suckling ;  this  gives -ri^  to  the  sudden 
rush  of  blood  to  the  gland,  which  is  known  by  nurses  as  the  draught, 
and  which  may  probably  be  attributed  to  a  dilatation  of  the  Mammary 
arteries,  through  the  instrumentalitj'  of  their  Sympathetic  nerres,  analo- 
gous to  that  which  takes- place  in  tlic  act  of  blushing  (§  707). — AJthouglt 
we  are  continually  witn easing  indications  of  tlie  powerful  influence  of 
Emotional  states  upon  the  qualities  of  the  Mammary  secretion,  yet  it  ia 
probable  tliat  such  influence  is  not  at  all  peculiar  to  the  milk  ;  and  that 
we  only  recognize  it  more  readily  in  tJiis  case,  because  tlie  digestivo 
aystem  of  the  Infant  is  a  more  debcate  apparatus  for  testing  it  than 
any  which  tlie  Chemist  can  devise ;  affording  proof,  by  dlsordeT  of  tta 
function^  of  changes  in  tJie  character  of  the  secretion  which  no  examinatioQ 
of  its  phymcal  properties  could  detect.  The  following  remarks  on  ^tm 
subject  are  abridged  from  Sir  A,  Cooper's  valuable  work  on  the  Breast:— 
"  The  secretion  of  mUk  proceeds  l»est  in  a  trartqvU  slate  of  tnind^  and 
with  a  cheerful  temper  ;  then  die  milk  is  regularly  abimd&nt,  and  agreei 
well  with  the  child.  On  the  contrary,  ajretfitl  ternper  lessens  the  qnanti^ 
of  milk,  makes  it  thin  and  serous^  and  causes  it  to  diisturb  the  child'a 
bowels,  producing  intestinal  fever  and  much  griping.  Fits  of  anger  pro- 
duce a  very  irritating  milk,  followed  by  griping  in  the  iniant,  with  green 
stools.  GW^'has  a  great  influence  on  lactation,  and  consequently  upon 
the  child.  The  loss  of  a  near  and  dear  relation,  or  a  change  of  fortune^ 
will  often  so  much  diminish  the  secretion  of  milk,  as  to  render  adventi- 
tious aid  necessary  for  the  support  of  the  child.  Anxitt^  of  mind 
diminishes  the  quantity,  and  altera  the  tjualitj,  of  the  milk.  The  recep- 
tion of  a  letter  which  leaves  the  mind  in  anxious  suspense,  lessena  the 
draught,  and  the  breast  becomes  empty.  If  the  child  be  ill,  and  thft 
mother  is  anxious  respecting  it,  slie  complains  to  her  medical  attendant; 
that  she  has  little  milk,  and  that  her  infcmt  is  griped  and  ha3  frequent 
green  and  frothy  motions,     Fear  haa  a  powerftil  influence  on  the  secretion 

tipoD  oilier  objoetfi,  und  the  expenditure  of  nervoiiB  ener^  la  otbcr  cb&tiiie1«. — Tfaefarl 
seems  U^  be  flonjethiiig  in  the  proceaa  of  ti-ainiDg  joiitig   tneii  for  tlie  Medicftl   Fn^" 
feflaion^  wblch  encourages  in  them  a  lazitj  of  thought  «nd  eMpretBion  ott  these  nialt«% 
that  t£K>  frequeniljr  «nds  in  a  kxlty  of  principle  and  of  action.     U  might  bav«  beea 
expected  that  thoae  who  ar^go  contiimaUj  witne^ing  the  melitnehol^  c!oiuc<iaence> 
the  riolfttion  of  the  Divine  Ib'^  m  this  particular,  would  be  the  bit  to  br«*k  it  ibeiL 
selyee  ;  bnt  thii  is  uofortunftttlj  very  far  from  being  the  can.    The  iiuthorregT«ist«aii^ 
ohli^  furtber  to  remark^  that  some  worlis  which  have  issa«d  from  the  Medio*] 


Gontaju  much  that  ia  cakuiated  to  exci(«,  rather  ihim  to  repren,  thi  propeiaiity;  and 
that  the  advice  »omeijrae«  giyen  bjr  practitiouen  to  their  patientaj  la  immory  m  vtjt 
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of  milk.  I  am  informed  by  a  medical  man  who  practises  much  among 
the  poor,  that  the  apprehension  of  the  brutal  conduct  of  a  drunken 
husband  will  put  a  stop  for  a  time  to  the  secretion  of  milk.  When  this 
happens,  the  breast  feels  knotted  and  hard,  flaccid  from  the  absence  of 
milk,  and  that  which  is  secreted  is  highly  irritating;  and  some  time 
elapses  before  a  healthy  secretion  returns.  Terror,  which  is  sudden  and 
great  fear,  instantly  stops  this  secretion."  Of  this,  two  striking  instances, 
in  which  the  secretion,  although  previously  abundant,  was  completely 
arrested  by  this  emotion,  are  detailed  by  Sir  A.  Cooper.  "  Those  passions 
which  are  generally  sources  of  pleasure,  and  which,  when  moderately 
indulged,  are  conducive  to  health,  will,  when  carried  to  excess,  alter,  and 
even  entirely  check,  the  secretion  of  milk." 

712.  There  is  even  evidence  that  the  Mammary  secretion  may  acquire 
an  actually  poisonous  character,  under  the  influence  of  violent  mental 
excitement;  for  certain  phenomena  which  might  otherwise  be  regarded 
in  no  other  light  than  as  simple  coincidences,  appear  to  justify  this  in- 
ference,  when  interpreted  by  the  less  striking  but  equally  decisive  facts 
already  mentioned.  "  A  carpenter  fell  into  a  quarrel  with  a  soldier 
billeted  in  his  house,  and  was  set-upon  by  the  latter  with  his  drawn 
sword.  The  wife  of  the  carpenter  at  first  trembled  firom  fear  and  terror, 
and  then  suddenly  threw  herself  furiously  between  the  combatants, 
wrested  the  sword  from  the  soldier's  hand,  broke  it  in  pieces,  and  threw 
it  away.  During  the  tumult,  some  neighbours  came-in  and  separated  the 
men.  While  in  this  state  of  strong  excitement,  the  mother  took-up  her 
child  from  the  cradle,  where  it  lay  playing,  and  in  the  most  perfect 
health,  never  having  had  a  moment's  illness ;  she  gave  it  the  breast,  and 
in  so  doing  sealed  its  fate.  In  a  few  minutes  the  infant  lefl-off  sucking, 
became  restless,  panted,  and  sank  dead  upon  its  mother's  bosom.  The 
physician  who  was  instantly  caUed-in,  foimd  the  child  lying  in  the  cradle, 
as  if  asleep,  and  with  its  features  undisturbed ;  but  all  his  resources  were 
fruitless.  It  was  irrecoverably  gone."*  In  this  interesting  case,  the  milk 
must  have  undergone  a  change  which  gave  it  a  powerful  sedative  action 
upon  the  susceptible  nervous  system  of  the  infant. — The  following,  which 
occurred  within  the  Author's  own  knowledge,  is  perhaps  equally  valuable 
to  the  Physiologist,  as  an  example  of  the  similarly-fetal  influence  of 
imdue  emotion  of  a  different  character ;  and  both  should  serve  as  a  salu- 
tary warning  to  mothers,  not  to  indulge  either  in  the  exciting  or  in  the 
depressing  passions.  A  lady  having  several  children,  of  which  none  had 
manifested  any  particular  tendency  to  cerebral  disease,  and  of  which  the 
youngest  was  a  healthy  infant  a  few  months  old,  heard  of  the  death  (from 

*  Dr.  Yon  Ammon,  in  his  treatise  *'  Die  ersten  Mntterpflichten  und  die  ente  Eindes- 
pflege,"  qaoted  in  Dr.  A.  Combe's  excellent  little  work  on  '*The  Management  of  In- 
&ncy." — Similar  facta  are  recorded  by  other  writers.  Mr.  Wardrop  mentions  ("  Lancet," 
No.  616),  that  having  removed  a  small  tumour  from  behind  the  ear  of  a  mother,  all  went 
well,  until  she  fell  into  a  violent  passion  ;  and  the  child,  being  suckled  soon  afterwards^ 
died  in  convulsions.  He  was  sent-for  hastily  to  see  another  child  in  convulsions,  after 
taking  the  breast  of  a  nurse  who  had  just  been  severely  reprimanded  ;  and  he  was 
informed  by  Sir  Richard  Croft,  that  he  had  seen  many  similar  instances.  Three  others 
are  recorded  by  Burdach  ("  Physiologie,"  §  522)  ;  in  one  of  them,  the  infant  was  seixed 
with  convulsions  on  the  right  side  and  hemiplegia  on  the  left,  on  sucking  immediately 
after  its  mother  had  met  with  some  distressing  occurrence.  Another  case  was  that  of  a 
puppy,  which  was  seized  with  epileptic  convulsions,  on  sucking  its  mother  after  a  fit  of 
rage. 
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)tf^r»i  M4i  I  i\i\y  a  i*rntiinif<imu^  cftiiie,  of  which  ^h&m  u  no 

iit  fiiii  oiJii^r  rtuHtiif  U  t^ttij  puuirr^ily  tm  dottbtod  that  the  €.3£cit$mff  cmnmoii 

Iklnl  il>w»r(l*«r  U  Ut  ho  rairnnd  u>  tho  mothorV  ftnjdctjr,     Thk 

n  irnhmlrJH  mig^&illiiM,^  wliii'li,  iriflpot),  woukl  be  aflbrdcd  bj  odwr  < 

(liiriilltriiMr    *^}t*«('  "''  iHrunlf  iiTKlcir  wiich  ciremnstanoefl,  ilM^ild  not  bettu 

Uy  \U  iHollmf^  iiiil  l»y  jirKftlier  wouuto  of  plucid  tempctiaiaiti  wlio  he* 

nmniil  )i«'iillii^  chitUniri  ttflwr  rtwn, 

1[l\.  Ilinn^  U  iiliuitituiit  iiviVlortco  tliat  a  §n(htfH  and  viakni  { 
tit'  mtu*i  »1uhr*'i*«iri|jf  Ki»M«llMru  i'«[»neblly  Terror,  umy  produce  m  i 
iivith  n  UiUi)  iUMvivimhvn  of  ilio  Orgfinic  Amctloiia;  witli  geoefali^ 
(iiM  nuinluhi*    \mn  nuimrkH)   dfi  utmu^ly  reMOfiibling  tlioec    of) 
J'iiiikrihlri|{,  tin  iu  iiinkii  it  (liglily  proUuhJo  thut  ihiibiood  i&dirteil^  effected 
liy   (lift   HiDiitiimnl  hUiU\   tlirongli  Nerv'ouii   ngeiie)' ;  and^  m    J^ct,   tlm 
iiutotkMmt  iilii>NiU<»n  III'  viiiinui»  t^CK^ri^koim,  juAt  ulluded-to  (§§  710,712), 
iOimiPi  Hiiirli   luoru  prutkithly  jiUributjdilo  to  eomo  mich  afTciction  of  the 
blmxlf   lluiii   til    a    )*riiiutry   diiilurti»iu;u  of  the    iiaoretiiig    proc'^-es  itadl 
AlUioH^li  tlkni'tt  4'jii]  lid  iifi  iloul^t  thiit  till?  hatiitttal  Ktate  of  the  Emotiotial 
luiiiNiMlity  KiiJi  uu  iiH]MjrUirit  iitJIuoiR'L*  ujioii  Uus  i^eueraJ  activity  and  per- 
fiHitiuu  III  UiD  Ntitntivo  jirticL'iwoH, — m  h  sliown  by  the  w^l-nowi-i&lied 
njimkiirrijjrn  iiNiitilty  I'xliibtol  by  iUoho  who  iirtj  free  from  lu^ital  aiv\    *v 
Hit  Willi  jiw  fnijii  Lnbly  uiluuuit,  cojitriiiJiUjJ  with  tl»e  **  lean  end  bui 
ioqk**  iif  tlidw^  who  aro  a   |»niy  to  ctnitiuual  drnquit^tude, — ^yct  it.  ie  nv? 
olVeii  lUiit  wo  Jiuv<f  tlui  oi^iuirtinnty  of  obw^rving  tbf  [irtRluctioo  of  cbftlip 
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in  the  nutrition  of  any  specific  part,  by  strong  emotional  excitement.  In 
the  two  folloyring  cases,  the  correspondence  of  the  effects  to  their  alleged 
causes  may  have  been  only  casual ;  and  a  much  larger  collection  of  facta 
would  be  needed  to  establish  the  rationale  here  advanced  as  probable.  But 
so  many  analogous  though  less  strongly-marked  phenomena  are  presented 
in  the  records  of  medicjEd  experience,  and  the  influence  of  the  Emotions 
upon  the  products  of  Secretion  is  so  confirmatory,  that  there  does  not 
seem  any  reasonable  ground  for  hesitation,  in  admitting  that  the  same 
explanation  may  apply  here  also.  The  first  of  these  cases,  cited  by 
Guislain  (loc.  cit.)  from  Eidard,  is  that  of  a  woman  who,  afiier  seeing 
her  daughter  violently  beaten,  was  seized  with  greftt  terror,  and  suddenly 
became  affected  with  gangrenous  erysipelas  of  the  right  breast.  But  a 
still  more  remarkable  example  of  local  disorder  of  nutrition,  occasioned  by 
powerful  emotion,  and  determined  as  to  its  seat  by  the  intense  direction 
of  the  attentioil  to  a  particular  part  of  the  body,  is  narrated  by  Mr.  Carter.* 
"A  lady,  who  was  watching  her  little  child  at  play,  saw  a  heavy  window- 
sash  fall  upon  its  hand,  cutting  off  three  of  the  fingers ;  and  she  was  so 
much  overcome  by  fright  and  distress  as  to  be  unable  to  render  it  any 
assistance.  A  surgeon  was  speedily  obtained,  who,  having  dressed  the 
woimds,  turned  himself  to  the  motiier,  whom  he  found  seated,  moaning, 
and  complaining  of  pain  in  her  hand.  On  examination,  three  fingers, 
corresponding  to  those  injured  in  the  child,  were  discovered  to  be  swollen 
and  inflamed,  although  they  had  aUed  nothing  prior  to  the  accident. 
In  four-and-twenty  hours,  incisions  were  made  into  them,  and  pus  was 
evacuated ;  sloughs  were  aflerwards  discharged,  and  the  wounds  ultimately 
healed." 

714.  The  influence  of  the  state  of  expectant  attenttoHy  in  modifying 
the  processes  of  Nutrition  and  Secretion,  is  not  less  remarkable  than  we 
have  already  seen  it  to  be  in  the  production  or  modification  of  Mus- 
cular movements  (§  707).  It  seems  certain  that  the  simple  direction 
of  the  consciousness  to  a  part,  independently  of  emotional  excitement, 
but  with  the  expectation  that  some  change  will  take-place  in  its  organic 
activity,  is  often  sufficient  to  induce  such  an  alteration ;  and  would  pro- 
bably always  do  so,  if  the  concentration  of  the  attention  were  sufficient. 
The  most  satisfactory  exemplification  of  this  principle  has  been  given  by 
the  experiments  of  Mr.  Braid,  who  has  succeeded  in  producing  very 
decided  changes  in  the  secretions  of  particular  organs,  by  the  fixation  of 
the  attention  upon  them  in  the  *  hypnotic*  state  (§  576).  Thus  he 
brought-back  an  abundant  flow  of  milk  to  the  breast  of  a  female  who 
was  leaving-off  nursing  from  defect  of  milk,  and  repeated  the  operation 
upon  the  other  breast  a  few  days  subsequently,  afler  which  the  supply 
was  abundant  for  nine  months ;  and  in  another  instance  he  induced  the 
catamenial  flow  on  several  successive  occasions,  when  the  usual  time  of 
its  appearance  had. passed.  It  is  not  requisite,  however,  to  produce  the 
state  of  Somnambulism  for  this  purpose,  if  the  attention  can  be  sufficiently 
drawn  to  the  subject  in  any  other  mode ;  thus  Mr.  Braidf  has  repeatedly 
produced  the  last-named  result  on  a  female  who  possessed  considerable 

♦  "  On  the  Pathology  and  Treatment  of  Hysteria,"  p.  24. 

+  See  his  important  Memoir  on  *  Hypnotic  Therapeatics,'  in  "Bdinb.  Monthly 
Joomal/'  July,  1853. — Of  the  reality  of  this  last  result^  the  Author  has  had  an  oppor- 
tunity, through  Mr.  Braid's  kindness,  of  personally  satisfying  himself. 
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power  of  mental  concentratioti,  by  inducing  Ler  to  fix  her  thouglitB  upon 
it  for  ten  or  fitl^en  minutes,  so  iid  to  bring- on  a  state  of  Abi^acdoii. — 
Now  the  effects  which  are  producible  by  tliia  voluntary  or  ileterminiil^ 
direction  of  the  consciousneas  to  tlie  restilt,  are  doubtlesa  no  lem  pro- 
ducible by  that  involuntan/  fixation  of  the  attention  upon  it,  which  is 
consequent  upon  the  eager  expectation  of  l>enefit  &om  some  curative 
method  in  which  implicit  confidence  ia  placed.  It  id  to  such  a  state  that 
we  may  fkirly  attrilmte  most,  if  not  all,  the  cure^i  which  have  been 
worked  through  wlint  is  popiiJarJy  termed  the  *  ima|^inaiion/  The  cure# 
are  real  facts ^  however  they  may  be  explained ;  and  there  is  scarcely  a 
malady  in  which  amendment  has  not  been  produced,  not  merely  in  the 
eetimatioEL  of  the  patient,  but  in  the  more  tiiistworthy  opinioi\  of  medical 
obaerv'ers,  by  ^iractices  which  can  have  had  no  other  effect  than  to  fitrert 
the  atUntion  of  the  sufferer  to  tlie  partj  and  to  keep  abve  his  conjifltut 
€a:pectiithti  of  the  cure*  Tlie  *  charming-away '  of  warts  by  sfjiella  of  the 
most  vnlgar  kind,  the  imposition  of  royal  hands  for  the  cure  of  the  *  evil^*  i 
the  pawinga  and  strokings  of  Valentine  Greatrakes,  tJie  maniptJadontf ' 
practised  with  the  *  metaUic  tractors,'*  the  invocations  of  Prince  Hohen- 
lohe,  et  hoc  fjenus  omne, — not  omitting  tlie  globulistic  admin istrationi  of 
the  Intinitesimal  doctors,  and  the  mauipuJationa  of  the  Mesmerist^  < 
our  own  times, — have  all  worked  to  the  same  end,  and  have  all  been 
alike  Buccesslul.  It  is  unquestionable  that,  iu  all  euch  cases,  the  benefit 
derived  is  in  direct  proportion  to  the  faith  of  the  sufierer  in  the  means  i 
employed;  and  thus  we  see  that  a  couple  of  bread  pills  will  product j 
copious  purgation,  and  a  dose  of  red  poppy  syrup  will  serve  aa  a  power* 
ful  narcotic,  if  the  patient  have  entertained  a  sufficiently-confident  ^leo*  i 
tation  of  such  results. f 

715.  This  state  of  confident  expectation^  however,  may  opertite  for 
evil,  no  lees  than  for  good.     A  fixed  belief  that  a   mortal  disease  had 
seized  upon  the  frame,  or  that  a  particular  operation  or  system  of  treat- 
ment would  prove  unsuccesaful,  has  been  in  numerous  instances  (thert  j 
is  no  reason  to  doubt)  the  direct  cause  of  a  lata!  result.     Thus  M.  Ridai^  ] 
relates  the  case  of  a  man,  thirty   years  of  age,  who  was  affected  witli 
stone  in  the  bladder,  and  who  saw  a  patient  die   by  his  aide,  after  being 
operated- upon  for  the  same  complaint     The  man's  unagination  became  J 
excited  \  his  thoughts  were  constantiy  fixed  upon  the  operation  whidi 
he  himself  expected  to  undergo^  and  upon  the  probable  death  that  would 
follow ;  and,  in  fact,  mthout  any  operation  at  all,  he  died  at  the  end  of 
a  monthj  aifected  with  gangrene  both  of  penis  and  scrotum.     Hence  ^lad  j 
it  ia,  that  the  morbid  feeiinga  of  the  Hypochondriac,  who  is  constantly  ] 
directing  his  attention  to  hia  own  fancied  ailments,  tend  to  induce  r^l 
disorder  in  the  action  of  the  orguns  which  are  suppoaed  to  be  afieoted.— «J 
In  the  sanjo  category,  too,  may  be  placed  those  instances  (to  whidi  ala 
any  value  is  to  be  attached),  wherein  a  strong  and  p^rststeni  impressiml 

•  Dr.  IlFiygftrth  of  Batli  (la  conjunctiozi  witb  Mr.  Eichard  Smith  of  Bristol)  tinted  1 
v^lvie  of  'Peirklo^'fi  tuetallk  tn^ctoTB,'  by  subs  tit  u  ting  two  pii-<>eft  of  wood  painted 
imiLation  of  them,  or  even  a  pair  of  teupeuoy  naih  dUguieid   with   «aling-w»x^  «r^ 
couple  of  Blate-peueili  ;  vhlck  the;  fotmd  to  posaeu  idl  the  rirtu«s  ihm.%  wet^  clniiQed 
for  tba  renl  ins^trumcotB, 

t  A  remarkubje  and  thorcmgblj  wt*11-2ittest«d  caae  of  tlie  €ttri  uf  &  £flti)1ft  lachj^o 

i¥hicb  hftd  arkaoced  so  fur  as  to  iovolve  diBcaee  of  the  bouea  of  the  uqb%  it  t«c«>^«i 
the  **  llistoiy  of  tfae  Fortmynlist^. '* 
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upon  the  mind  of  a  Mother,  has  appeared  to  produce  a  correspond- 
ing effect  upon  the  development  of  the  foetus  in  utero.  In  this  case, 
the  effect  (if  admitted  to  be  really  exerted)  must  be  produced  upon  the 
maternal  bloody  and  transmitted  through  it  to  the  foetus ;  since  there  is 
no  nerrous  communication  between  the  parent  and  the  offspring.  There 
is  no  difficulty,  however,  in  imderstanding  how  this  may  occur,  after 
what  has  been  already  stated  (§  199)  of  the  influence  of  minute  altera- 
tions in  the  Blood  in  determining  local  alterations  of  nutrition. 


CHAPTER    XVI. 

OF   GENERATION. 

1.  General  Character  of  the  Function, 

716.  Haying  now  passed  in  review  the  various  operations  which  are 
concerned  in  maintaining  the  life  of  the  individual^  we  have  next  to  pro- 
ceed to  those  which  are  destined  to  the  perpetuation  of  the  race,  by  the 
production  of  successive  generations  of  similar  beings.  Among  Plants, 
and  the  lower  tribes  of  Animals,  a  multiplication  of  independent  beings 
takes-place  without  any  sexual  process  whatever,  by  a  process  of  gem- 
mation or  *  budding'  from  the  parent-stock;  these  *  buds,*  at  first  en- 
tirely nourished  by  it,  gradually  become  less  and  less  dependent  upon  it, 
and  at  last  detach  themselves  and  maintain  a  separate  existence.  Now 
this  process  may  be  regarded  as  essentially  the  same  with  that  of  the 
midtiplication  of  cells  by  subdivision,  which  is  one  of  the  most  ordinary 
operations  of  growth  and  development ;  and  it  is  peculiar  in  nothing  else 
than  this, — ^that  the  newly-formed  structure,  instead  of  remaining  as  a 
constituent  and  dependent  part  of  the  parental  fabric,  is  capable  of  living 
independently  of  it,  and  of  thus  existing  as  a  distinct  individual  when 
spontaneously  or  artificially  detached.  Among  the  higher  tribes  of 
Animals,  as  in  Man,  this  mode  of  reproduction,  which  is  merely  a  multi- 
plication of  the  individual,  and  not  a  real  Generative  process,  does  not 
present  itself,  at  least  in  the  adult  state ;  for  in  no  instance  do  we  find 
that  a  part  of  the  body  separated  from  the  rest  can  develope  the  organs 
which  are  necessary  for  the  sustenance  of  its  existence ;  and  the  power 
which  the  organism  possesses,  of  regenerating  parts  which  it  has  lost  by 
disease  or  accident,  is  restrained  within  very  narrow  limits  (§  343). 
But  there  is  good  ground  to  believe,  that  such  a  multiplication  by  sub- 
division mai/  take  place  at  that  earliest  period  of  embryonic  life,  at  which 
the  germ  is  nothing  else  than  a  mass  of  cells,  wherein  no  distinction  of 
parts  has  as  yet  manifested  itself;  and  that  the  production  of  two  com- 
plete individuals,  held-together  only  by  a  connecting  band,  may  arise 
from  some  cause  which  determines  the  subdivision  of  the  germinal  mass, 
at  the  period  when  its  grade  of  development  corresponds  with  that  of  the 
Hydra  or  Planaria  (§  340).  And  this  view  of  the  case  is  confirmed  by 
the  fiicts  already  stated  (§  343)  in  regard  to  the  higher  d^ee  of  the 
regenerating  power  during  embryonic  life,  in&ncy,  and  childhood,  as 
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compared  with  that  which  romains  a^^er  the  deYelopment  of  tlie 
liiis  been  completed. 

717*  The  proper  act  of  Generatioo  in  Man,  as  in  tJie  Animal  aii4  Ve 
table   Kingdoms  generally   (see   Pnnsa   of   Comp-   Phts.j   Chap.   XL) 
uniform]  J  involves  the  union  of  the  contents  of  two  pci^uliitr  cells,  wluc 
may  be  designated  as  the  *  sperm-cell/  and  the  *  germ -cell ;'  and*  as 
all  higher  Aiiimala,  the  'sperm -cell/  developes  in  its  interior  a 
moving  i^pemutluzoott ;  whilst  the  *  germ-cell'  (germimd  ve^cle)  whe 
contents  are  tertili^ed  by  the  Bpermalozoon^  ia  imbedded  iji  u  mass  < 
If  oik  destiiied  for  the  early  nutrition  of  the  embryo  thence  originating  |l 
BO  that  this  embryo^  if  supphed  with  the  requisite  warmth,  as  well 
drawing  into  itseh"  the  aliment  stored-up  for  it,  gradually  evolves  its 
into  the  hkeness  of  its  pajent.     There  ia  a  great  dlfleErence,  however^  1 
among  the  different  tribes  of  AnimaLs,  as  to  the  d^ree  of  agsistaiice  tliaa 
i^orded  to  the  embryo ;  Uie  general  rizle  being,  that  the  higher  the  tbrm 
which  the  embryo  is  ultimately  to  attain,  the  longer  is  it  supported  by 
ita  parent.     Hence  we  find  the  embiy'^os  of  most  Invertebiated  mumak 
coming-forth  from  the  egg  in  a  condition  very  unlike  their  perfiset  type^ 
and  only  acquiring  this  after  a  long  succeBsion  of  subsequent  alteration 
which  Jrequently  involve  a  conjplete  cliange  of  form,  or  metamorpikOMik 
In  Fishes,  liowever,  the  embryo,  though  far  from  having  completed 
entbrj'onic  development  at  the  time  oi  its  emersion  from  tJje  e  _ 
not  differ  bo  widely  from  the  adult  type.     In  Birds,  there  is  a  proviMo 
for  a  much  more  advanced  development ;  the  store  of  nuU'itiotm  mati 
or  '  yolk/  being  so  large  as  to  allow  the  whole  series  of  changes  rer|ulsit 
for  the  formation  of  tiie  complete  dtick  to  take-plaee  before  it  leaves  \ 
egg.     In  the  Mammalia,  on  ^le  contrary,  the  quantity  of  yolk  containo 
in  the  ovum  is  very  small,  but  the  embryo  is  only  dependent  upon  it  fm^ 
the  materials  of  its  increase  during  the  sliest  stages  of  ita  evolution  ; 
for  it  speedily  forms  a  special  connection  with  the  parent-structure,  hf\ 
means  of  which  it  is  enabled  to  receive  a  conthiuiJ  supply  of  newly 
preparetl  aliment,  so  as  to  be  supported  at  the  expense  of  this  UQlil  1 
advanced  in  its  development.     Some  approaches  to  this  arrang^meni  \ 
met- with   among  certain   of  the  lower  animals^  but  it  is  onJy    in 
higher  3ilammalia  that   it  is  completely  carried-out ;  and  it  i*  onlv  ill 
this  classj  too,  that  we  find  a  3Up]>lemental  provision  for  the  m 
the  offspring  after  it  has  come  forth  into  the  world.     A  considr: 
ference  in  the  ova  of  different  animals  furtlier   exists,  as  was  fir»L  ttho^^u 
by  Reicherti  in  the  circimistance  that  in  some  the  whole  yolk  \b  applied 
directly  to  the  formation  of  the  embiyo  ;   wliilst  in  others^  only  a  }:>cjnit.>n 
is  so  employed,  the  remainder  being  as  it  were  a  store  of  food  which  ia 
gradually  taken -up  in  the  process  of  development.     The  fornier  kind  of 
^gg  consists,  therefore,  altogether  of  germ -yolk;  the  latter  of  a  sinaH 
germ-yolk,  and  a  large  food-yolk^     The  former  has  been  called  '  holo* 
blas^c/  the  latter   ^  meroblasdc/     The  former  is   found  id    Man  and 
MammalSf  Batrachtana,  Cyclostome  Fishes,  the  lower  Crustacea,  An«chnida 
and  MoOusca,  Annelids,  Worms  and  Hadiate  animals ;  the  latter  in  Birdi^ 
Amphibia^  Fishes^  C^ephalopods,  and  tlie  higher  groupe  of  Cnjataoaii  asid 
Amcimida.      In  muny  of  the  lower  tribes  of  animals,  the  fertilizataQ 
of  the  ova  is  accompOshed  without  any  sexual  congre^ ;   the  spcnxia 
Huid  effused  by  the  male,  coming  into  direct  contact  with  the  ova  pre- 
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vioiualj  deposited  by  the  female ;  but  in  all  the  higher  tribes,  as  in  Man, 
the  spermatic  fluid  is  conveyed  into  the  oviducts  of  the  female,  so  as  to 
impregnate  the  ovum  shortly  afler  it  has  quitted  the  ovarium,  or  even 
beA>re  its  final  escape  from  it. 


2.  Action  of  the  Male. 

718.  The  Spermatic  fluid  of  the  Male  is  secreted  by  glandular  organs, 
known  as  Testes.  Each  of  these  consists  of  several  lobules,  which  are 
separated  from  each  other  by  processes  of  the  Tunica  Albuginea  that  pass 
down  between  them,  and  also  by  an  extremely  delicate  membrane 
(described  by  Sir  A.  Cooper  under  the  name  of  Tunica  Vasculosa)  con- 
siBting  of  minute  ramifications  of  the  spermatic  blood-vessels  united  by 
areoliur  tissue.  Each  lo- 
bule (Fig.  158,  a  a)  is  Fw.  153. 
composed  of  a  mass  of 
convoluted  tubuli  semini- 
feri^  throughout  which 
blood-vessels  are  mi- 
nutely distributed.  The 
lobules  differ  greatly  in 
size,  some  containing  one, 
and  others  many  of  the 
tubuli ;  the  total  niunber 
of  the  lobules  is  esti- 
mated at  about  450  in 
each  testis,  and  that  of 
the  tubuli  at  840.  The 
walls  of  the  tubuli  are 
firmer  than  those  of  simi- 
lar gland-canaJs  else- 
where; for  outside  the 
basement-membrane  on 
which  the  epithelium 
rests,  they  have  a  toler- 
ably-firm but  extensible 
envelope,  composed  of  an 
indistinctly-fibrous  con- 
nective tissue  with  longi- 
tudinal nuclei.  Their 
convolutions  are  so  arranged  that  each  lobule  forms  a  sort  of  cone,  the  apex 
of  which  is  directed  towards  the  rete  testis  {b);  and  when  they  have  reached 
to  within  a  line  or  two  of  this,  they  cease  to  be  convoluted,  several  unite 
together  into  tubes  of  larger  diameter,  and  these  enter  the  rete  testis 
imder  the  name  of  tubuli  recti.  The  mode  in  which  the  tubuli  terminate 
at  the  large  end  of  the  lobule  has  not  been  clearly  made-out,  owing 
partly  to  the  number  of  their  anastomoses ;  it  is  probably  either  by  csecal 
endings,  or  by  loops.  The  diameter  of  the  tubuli  is  for  the  most  part 
very  imiform ;  in  the  natural  condition  they  seem  to  vary  from  about  the 
1-1 95th  to  the  1-1 70th  of  an  inch;  but  when  injected  with  mercury, 
they  are  distended  to  a  size  nearly  double  the  smaller  of  these  dimensions. 


Human  TeatU,  iiOected  with  mercury  M  oompletelj  m  pos- 
sible : — a,  a,  lobules  formed  of  seminiferoas  tubes :  b,  rete  testis ; 
e,  Tasa  efferentia;  </,  flexures  of  the  efferent  Tessels  passing  into 
the  head,  e,  e,  of  the  epididvmis ;  f,  body  of  tlie  epididymu ;  g, 
appendix;  k,  cauda;  i,  vas  deferens. 
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— ^The  reU  U$iis  {h)  oonsiste  of  ham  seren  tci  thirteen  Teasel^  wiiidi  nm 
m  a  w&yiog  ooxnw^  anagtomoee  wiUi  ead^  oth^^  mud  agaia  dlvidev  being 

all   connected  together. 
^'*»^  1^'  The  ta^a  efftrmHu  (c), 

which  pass  to  the  head 

of  the  epHidjniiSjareat 

first   straight,  but  soon 

i^      becoise  convoluted  {d\ 

each  fomung  a  lort  of 

f'vv)        Tv    ^  ■^'^'^^vvw    jH/lfT     '^  ^^  ^       cone,  of  which  the  ap 

^  ^^^>vJ!ii;S>!,Aruw  i/'^^       *^  directed  towards  th« 

'"^'''^^'^'''^^^'*'^^^^^^^^  J         i^ete  testis,  the  liase  to 

^^^l^j^'^^L^  ^  *w^  ^^  ^^  of  the  epididy- 

^^^^P^^^\Jjy  jjgW^  niiB  (f).      The  number 

V        rT^^^^^'^^^'^'^T'^  t-fv^^/      /*jjti^v^  ^^  these  is  stated  to  vary 

'^^^^^lu        S^^  j^  ^  jl5^^^  from  nine  to  thirty  ;  an^i 

iJvTjSs^/^^^pf^  ^  jS^^^  tlieir  length  to  be  about 

eight  inches-  The  tpidi^ 

"^y  ^^  iiifmiB  itself  {/)  consist* J 

of   a   rery    oonvolut 

'  i  canal,  the  length  of  which 

is  abont  twentj^-one  leet. 

^  Into  its  lower  extremity, 

Plan  of  Ihe  itroctare  of  itip  T*HU  and  EpitlidfmiM  :^^  in,      that   is,  the  aHirle  whlch 
cemlniff'miin  tuYm^i  4i\ a%  tb-tlr niuutomoiet ;  the otbernfer*      -.   ^^^  ^^  .^t       ^ •*  * 

cDiMa  u  Id  the  lut  Agun^,  "  Enases  Where  It  termi- 

nates m  the  raa  d^fcreos^ 
is  poured  the  secretion  of  the  vasathm  aberrans  or  appendbc  (</) ;  whidk,  j 
Heems  like  a  testis  in  miniature,  closely  resembling  a  single  bbnle  in  itai 
structure.     Its  special  function  is  unknown- 

719-  The  fluid  secreted  by  the  Testis  is  mingled,  diu^ing  or  previooalj  , 
to  iti  emiraion,  with  fluid  secreted  by  the  Yesieulae  Seminatas,  the  Pro«j 
state,  Gowper^s  glands,  &c, ;  and  it  cannot,  therefore,  be  obtained  puri^ 
but  by  drawing  It  from  tlie  testicle  itself^     No  accurate  analysis  baa  hem 
made  of  it  in  the  Human  subject^  but  Kolliker*  has  made  the  foUotwiDg 
analyses  of  it  in  the  Bull  and  Stallion  : — 

Dull.  dt&nuM. 

Water 820'60    .     ,     .     .     8ig--IO 

Solid  restdue 179*40    ...     ,     130  ^fiO 

SpermatiD  and  EEtractlva    .     .     .     153'0      .     .     .     .     164*49 

Fat ai-e     ....      — 

Salte      .,....•.,      26-aT    .     .     ,     .       16^1 
ant)  Frerichs^t  on  examining  the  contents  of  the  Test^  of  a  Kabbit,  « 
Cock,  and  a  Carp,  found  pure  Kemen  to  be  a  milky  fluid  of  a  mueotm 
conastence,  and  neutral  or  slightly-alkaliae  reaction.     The  imperfectly- 
developed  Spermatozoa  are  composed  of  an  albuminous  subs^ce^  thsij 
quantity  of  which  diminishes  with  their  progress  towards  maturation ; 
that  the  iperiectly-developecl   semen  contains  no  albuminous  oomi] 
On  the  other  hand,  the  principal  component  siibstance  of  the 
Spermatozoa  is  the  siime  widi  that  which  is  the  chief  constituent  of 

*  T.  GurupBeWMie*.  18G3,  "  Phya.  Cbem./'  p.  424. 

+  Art.  'Semen/  iu  "  Cyclop,  of  Aii*t.  wid  Pliytool.,**  imt  ir.  p.  50<J, 
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EpitheliA  and  of  the  Homy  tissaes  generally,  namely,  the  *  binoxide  of 
protein*  of  Mulder.  Besides  this,  the  spermatozoa  contain  about  4  per 
cent  of  a  butter-like  &t,  with  some  phosphorus  in  an  unoxidized  state 
(probably  combined  with  the  fat,  as  in  the  phosphorized  &ts  of  the  blood- 
corpuscles  and  of  nervous  matter),  and  about  5  per  cent  of  phosphate  of 
lime.  The  spermatozoa  evince  little  tendency  to  decomposition,  and 
ofier  considerable  resistance  to  tlie  action  of  sulphuric,  nitric,  hydro- 
chloric, and  acetic  acids,  and  to  the  caustic  alkalies  in  the  cold.  The 
fluid  portion  of  the  secretion  is  a  tliin  solution  of  mucus,  which,  in 
addition  to  the  animal  matter,  contains  chloride  of  sodium,  and  small 
quantities  of  alkaline  sulphates  and  phosphates.  When  allowed  to 
evaporate  spontaneously,  crystals  of  ammoniaco-magnesian  phosphate 
are  generally  formed  in  abundance.  The  peculiar  odour  which  the 
Semen  possesses,  does  not  appear  to  belong  to  the  proper  spermatic  fluid ; 
but  is  probably  derived  from  one  or  other  of  tlie  secretions  with  which  it 
is  mingled. — The  product  of  the  secretion  of  each  Testis  is  conveyed 
away  by  a  single  vaa  deferens  (f),  which  is  a  cylindrical  canal,  having, 
vrithin  its  fibrous  wall,  a  layer  of  non-striated  muscular  fibre,  and  being 
lined  by  a  proper  mucous  membrane.  The  vas  deferens,  ascending  into 
ihe  abdominal  cavity  as  a  part  of  the  spermatic  cord,  reaches  the  fimdus 
of  the  bladder ;  and  there  it  comes  into  proximity  with  the  Vesicula 
Seminalia  of  its  own  side,  with  whose  duct  it  unites  to  form  the  ejacula- 
tory  duct  which  terminates  on  the  verumontanum  of  the  urethra.  It  has 
been  commonly  supposed  that  the  vestculee  semiuales  stand  to  tlie  x^asa 
deferentia  in  the  same  light  that  the  gall-bladder  stands  to  the  hepatic 
duct ;  namely,  as  a  receptacle  into  which  the  seminal  fluid  may  regurgi- 
tate, and  within  which  it  may  accumulate;  but  (as  Himter  was  tlie 
first  to  maintain)  this  is  not  the  case,  since  the  fluid  that  is  found 
in  them  is  not  semen,  and  but  rarely  contains  even  a  small  admixtiure 
of  seminal  fluid.*  Moreover,  tliese  organs  are  not  simple  vesicles, 
but  have  a  sacculated  glandular  character;  and  their  secretion  seems 
to  be  of  a  mucous  nature.  Into  the  same  part  of  the  lu-ethra  is  dis- 
charged the  secretion  of  the  Prostate  Gland,  which  is  poured-forth 
by  a  number  (15-20)  of  separate  ducts  into  a  depressed  fossa  on  either 
side ;  of  the  nature  of  this  secretion  scarcely  anything  is  known ;  and  it 
can  be  only  surmised  that  its  use,  like  that  of  the  fluid  of  the  vesiculte 
seminales,  is  to  dilute  the  seminal  fluid,  and  to  give  it  such  an  increase  of 
bulk  that  it  may  be  more  eflectually  conveyed  within  the  female  passages. 
It  seems  probable,  indeed,  that  a  certain  dilution  of  tlic  fluid  secreted  by 
the  testes  may  be  a  condition  of  its  power  of  fecundation ;  since  it  has 
been  ascertained  by  Mr.  Newport,  that  too  copious  an  application  of 
spermatozoa  to  an  ovum  is  absolutely  unfavourable  to  their  action. — That 
in  some  way  or  other  both  these  glandular  bodies  serve  as  accessory 
organs  of  generation,  may  be  inferred  from  the  fact,  that  in  animals  which 
have  only  a  periodical  aptitude  for  procreation,  they  undergo  an  alternate 
increase  and  decrease,  corresponding  with  the  periodical  enlargement  and 
diminution  of  the  testes  themselves. 

720.  The  essential  peculiarity  of  the  Spermatic  fluid,  however,  consists 
in  the  presence  of  a  large  number  of  very  minute  bodies,  the  spermatozoa^ 
which,  firom  their  usually  remaining  in  active  motion  for  some  time  afler 

•  See  Art,  'VesicaUo  Seminales,*  in  "Cyclop,  of  Anat.  and  Physiol.,"  vol.  It.  p.  1481. 
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thej  have  qiiitted  the  living  organism,  have  been  erroneoiifily  coBsidered 
as  proper  Animalcules,  The  Human  Spermatozoon  (of  which  reprepeuta- 
tions  are  given  in  Pkte  L,  Fig.  1)  consists  of  a  little  oval  HAttened  'bodj' 
between  the  1 -600th  and  the  1 -800th  of  a  line  in  length,  irom  whidi 
pTOOeeda  a  long  fjliform  *  taiP  gradually  tapering  to  tlie  finest  point,  of 
i-50th  or  at  most  l-40th  of  a  line  in  length-  The  whole  is  perfectly 
transparent;  and  notliing  that  can  be  termed  *  amictnre'  can  be  aatislk:tOTiJj 
distinguished  within  it.  Its  movements  are  principally  executed  by  tlie 
tail,  which  ba3  a  kind  of  vibratile  undulating  motion ;  they  may  oonttnue 
for  many  hours  after  the  emission  of  the  fluid  ;  and  they  are  not  checked 
by  its  admixture  with  other  secretions,  such  m  the  urine  and  the  prostatic 
fluid.  Thusj  in  cases  of  nocturnal  eniieaion,  the  SpennAtcusoa  may  not 
unfreqiiently  be  found  actively  moving  through  tlie  urine  in  the  morning} 
and  Uioae  contained  in  the  seminal  Hiiid  collected  from  ^mal^  that  have 
just  copulated,  are  frequently  found  to  live  many  days.  Their  presence 
may  be  readily  detected  by  an  obflerrer  familiar  with  their  appearaiicei 
and  furnished  with  a  Microscope  of  sufficient  power,  even  when  they  have 
long  ceased  to  move,  and  are  broken  into  fragments ;  and  the  Fhyaician 
and  the  Medical  Jurist  will  frequently  derive  much  asaifitance  from  an 
examination  of  this  kind.  Thus,  ca^es  are  of  no  imcommon  occurrence, 
especially  among  those  who  have  been  too  much  addicted  to  sexual 
indulgence,  in  which  Bemiual  emissions  take-place  imconsciously  and 
frequently,  and  produce  great  general  derangement  of  the  health;  and  the 
true  nature  of  the  complaint  is  obscure,  until  the  fact  has  been  det^ted 
by  ocular  examination.  Again,  in  charges  of  rape,  in  which  evidence  of 
actual  emission  is  r6t|nired,  a  microacopic  examination  of  the  stiflened 
gpots  left  on  die  linen  wiD  seldom  iail  in  obtaining  proof  if  the  act  have 
been  completed :  in  such  cases,  however^  wo  must  not  expect  to  meet 
with  more  than  fragments  of  Spermatozoa;  but  these  are  so  unlike  anj- 
iliiiig  else  tliat  little  doubt  need  be  entertained  regarding  thenL  k  haa 
been  proposed  to  employ  the  same  test  in  juridical  inquiries  respecting 
doubttul  cases  of  death  by  suspension,  seminal  emissions  being  not  un* 
frequent  resnlte  of  this  kind  of  violence ;  but  there  are  many  obvio 
objections  iv^hich  should  prevent  much  confidence  being  placed  in  it.* 

721.  The  mode  of  evolution  of  the  Spermatozoa,  first  discovered  by 
Wagner,  and  more  perfectly  elucidated  by  KoUiker,  is  such  b&  to  im^CAUi. 
that  tliese  l>odies  are  trxie  products  of  the  fonnative  action  of  tlie  or^ 
in  wliich  they  are  found,  and  cannot  be  ranked  in  the  same  category  wWi? 
Animalcules.  They  are  developed  in  the  interior  of  cells,  or  'vmclea  of 
evolution,'  such  as  are  visible  in  the  seminal  fluid  in  varions  stages  of 
production  (Plate  I.,  Fig,  2,  A,  B,  c),  and  have  been  known  under  the 
name  of  *  seminal  granules/  These  apj>ear  to  have  been  them^lTes 
formetl  within  parent- eel  Is,  which  are  probably  to  be  regarded  aa  the 
€pitheljjil  celk  of  the  tubuli  seniiniferi ;  containing,  like  tlie  analogoua 
©ella  of  other  glands,  tlie  essential  elements  of  the  spermatic  apparatna* 
These  parent- cells  are  soTnetimea  observed  to  contain  but  a  j^ingle  *  vesicle 
of  evolution,*  aa  shown  at  D  ;  but  more  commonly  from  three  to  seven  ar^ 
to  he  seen  within  them  (k).  AVhen  taken  from  a  body  recently  dead, 
and  examined  without  being  treated  with  water  or  any  other  agent,  they 

*  See  the  Authot^a  Article  '  Aflphjxa,'  in  the  "LibmiT  of  Pnwtit^  Mtsdicioe,*'  md 
tlie  i^utbontlet  tbere  raffirrad-to. 
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are  quite  pellucid,  and  exhibit  a  delicate  contour  with  perfectly  homo- 
geneous contents;  very  speedily,  however,  a  sort  of  coagulation  takes-place 
within  them,  by  which  ^eir  contents  are  rendered  granular.  Each  of 
these  *  vesicles  of  evolution '  gives  origin  to  a  spermatozoon,  and  to  one 
only ;  the  earliest  stages  of  its  development  have  not  yet  been  fully  made 
out,  since  it  does  not  at  first  exhibit  those  sharp  distinct  contours,  depen- 
dent on  its  great  refractive  power,  which  afterwards  distinguish  it ;  but  it 
is  seen  lying  in  the  interior  of  the  cell  as  a  slight  linear  shadow,  at  first 
partly  hidden  by  the  surrounding  granules  (Fig.  3,  b),  but  afterwards 
without  any  such  obscuration.  When  the  vesicle  is  completely  matured,  it 
bursts  and  gives  exit  to  the  contained  spermatozoon ;  but  it  is  common 
for  the  parent-cells  to  retain  the  vesicles  of  evolution  during  the  develop- 
ment of  the  spermatozoa  within  the  latter;  so  that  the  spermatozoa  set-free 
by  the  rupture  of  these  are  still  enveloped  by  the  parent-cell.  In  this 
condition  they  have  a  tendency  to  aggregation  in  bundles;  and  these 
bundles  are  finally  liberated  by  the  rupture  of  the  parent-cell,  after  which 
the  individual  spermatozoa  separate  one  from  another.  The  spermatozoa 
are  not  normally  found  free  in  the  tubuli  seminiferi ;  although  they  may 
be  there  so  fer  advanced  in  development,  that  the  addition  of  water  libe- 
rates them  by  occasioning  the  rupture  of  their  envelopes.  In  the  rete 
testis  and  vasa  efferentia,  the  spermatozoa  are  very  commonly  foimd  lying 
in  bundles  within  the  parent-cells,  the  vesicles  of  evolution  having  disap- 
peared ;  and  they  are  usually  set-free  completely  by  the  time  that  they 
reach  the  epididymis,  though  still  frequently  associated  in  bimdles.  The 
earlier  phases  are  occasionally  met- with,  however,  even  in  the  vas  deferens.* 

722.  That  the  Spermatozoa  are  the  essential  elements  of  the  spermatic 
fluid,  may  be  reasonably  inferred  from  several  considerations.  There  are 
some  cases  in  which  the  '  liquor  seminis '  is  altogether  absent,  so  that  they 
constitute  the  sole  element  of  the  semen ;  whilst,  on  the  other  hand,  they 
are  never  wanting  in  the  semen  of  animals  capable  of  procreation ;  but 
are  absent,  or  imperfectly  developed,  in  the  semen  of  hybrids,  which  are 
nearly  or  entirely  sterile.  Moreover,  it  may  be  considered  as  certain 
that  the  absolute  contact  of  the  spermatozoa  with  the  oviun  is  requi- 
site for  its  fecundation;  whilst,  on  the  other  hand,  if  the  spermatozoa 
be  careftilly  removed  from  the  liquor  seminis  by  filtration,  the  latter  is 
entirely  destitute  of  fertilizing  power. f  Hence  tfie  presence  of  the  Liquor 
Seminis  must  be  considered  as  merely  incidental;  and  as  answering  some 
secondary  purpose,  either  in  the  development  or  in  the  conveyance  of  the 
Spermatozoa. 

723.  The  power  of  procreation  does  not  usually  exist  in  the  Human 
Male  before  the  age  of  from  14  to  16  years ;  and  it  may  be  considered 
probable  that  no  Spermatozoa  are  produced  imtil  that  period,  although  a 
fluid  is  secreted  by  the  testes.  At  this  epoch,  which  is  ordinarily  desig- 
nated as  that  of  Puberty y  a  considerable  change  takes-place  in  the  bodily 
constitution  :  the  sexual  organs  undergo  a  much-increased  development ; 

*  For  the  latest  researches  on  the  deyelopment,  &&  of  the  Spennatozoa,  see  the 
elaborate  Article  'Semen/  in  the  '*  Cyclop,  of  Anat.  and  PhysioL,"  by  Drs.  Wagner  and 
Leackardt,  and  Prof.  Eolliker's  ''Manaal  of  Microscopic  Anatomy,"  1860. 

t  This  point  was  completely  established  by  the  researches  of  Mr.  Newport  ("  Phil. 
Trans.,*'  1861),  who  repeated  and  confirmed  the  experimental  results  preyioosly  obtained 
by  Spallanzani  and  by  Prerost  and  Dnmas. 
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various  pans  of  the  mirfece,  esp^ially  the  cbin  and  the  pub^  become 

covered  with  hair ;  the  larynx  enki^es,  and  the  voice  becomes  lower  in 
pitch,  as  well  as  roiigher  and  more  powerfnl ;  and  new  teelings  and  desirea 
are  awakened  in  the  mind.  Instances,  however,  are  by  no  means  rare,  in 
which  theae  changes  occin*  at  a  mnch  earlier  period;  the  ftiD  development 
of  the  generative  organs,  with  manifestations  of  the  sexual  passion,  having 
been  observed  in  children  but  a  few  years  old.  The  procreative  power 
may  last^  if  not  abused^  during  a  very  prolonged  period.  Undoubted  in- 
Btancsea  of  virility  at  the  age  of  more  than  100  years  are  on  record  ;  but 
in  these  cases,  tlie  general  bodily  vigour  waa  preserved  in  a  very  remarkable  j 
degree*  The  ordinary  rule  seems  to  be,  tliat  sexual  power  is  not  retained 
by  the  male  to  any  considerable  amount,  after  the  age  of  GO  or  G5  years. 

724.    To  the  use  of  the  sexual  organs  for  the  continuance  of  his  mce, 
IVIan  is  prompted  by  a  powerfi.il  instinctive  desire  (§  544),  which  he  shares 
with  the  lower  animals.      This  Instinct,  like  the  otlier  propenaitiea,  is 
excited  by  sensations;  and  these  may  either  originate  in  the  sexual  oi^gaosJ 
tliemselves,  or  may  be  excited  through  the  organs  of  special  sense.     Thus] 
in  Man  it  is  most  powerfully  aroused  by  impressions  conveyed  througb  thm  ] 
Bight  or  the  touch ;  but  in  many  otJier  animals,  the  auditory  and  oIlBCtorjr  I 
organs  communicate  impressions  which  have  an  equal  power  ;   and  it  i»  1 
not  improbable  that,  in  certain  morbidly-excited  states  of  feeling,   the 
same  may  be  tlie  case  in  ourselves.     Localized  sensations  have  also  a  very 
powerful  effect  in  exciting  sexual  desire,  as  must  have  been  within  the  ex-  , 
perience  of  almost  every  one;  the  feet  is  most  remarkable,  however,  in 
of  Satyriasis^  which  disease  is  genenilly  found  to  be  connected  witli  some 
obvious  cause  of  irritation  of  the  generative  sj^atem,  such  fw  pruritus,  active 
coDgeetion,  i£rc.      That  some  part  of  the  Encephalon  is  ikie  seat  of  this  &f  j 
of  other  instinctive  propensities,  appears  from  the  considerations  formerly  | 
adduced;  but  that  the  Cerebellum  is  the  part  in  which  this  funetioii  im] 
specially  located,  cannot  be  regarded  as  by  any  means  sufficiently  praved 
(§§  540*544).     The  instinct,  when  once  aroused  (even  though  very  ob- 
scurely felt),  acta  u[Jon  the  mental  faculties  and  moral  feelings;  and  thos  . 
becomes  the  source,  though  ahnost  unconsciously  so  to  the  individi 
of  the  tendency  to  form  that  kind  of  attachment  towards  one  of  tba  of  _ 
site  sex^  which  is  knowu  as  toi^e,      Tbis  tendency  cannot  be  regarded 
a  simple  passion  or  emotion,  since  it  is  the  result  of  the  combined  opera- 
tions of  the  reason f  the  imagination,  and  the  taoml  teelings ;  and  it  is  in 
this  engraftment  (so  to  speak)  of  the  psychical  attachment,  upon  the  nierft'i 
corporeal  instinct,  ihat  a  difference^  exists  between  the  sexual  relations  ^ 
Man  and  those  of  the  lower  animals.     In  proportion  as  the  Human  being] 
makes  the  temporary  gratification  of  the  mere  sexual  appetite  his  cHef ' 
object,  and  overlooks  the  happine^  arising  from  spirittjal  oommnnion, 
which  is  not  only  purer  but  more  permanent,  and  of  which  a  renewal  may 
be  anticipated  in  an  otlier    world, — does  he   degrade  himself  to  a  level 
with  the  brutes  that  perisli*     Yet  how  lamentably  frequent  is  this  d€gim- 
dntion  I 

72b.  Wlien,  impelled  by  sexual  excitement,  the  Male  seeks  intercouraai 
with  the  Female,  the  erectile  tissue  of  the  genital  organs  becomes  turgid] 
with  blood  (§  ^n2),  and  the  surlace  acquires  a  much -increased  sensibility ;  - 
this  is  especially  acute  in  the  Glans  penis.  By  the  fi-iction  of  the  GlanAJ 
against  the  rugous  walls  of  the  Vagina,  the  excitement  m  lucz^aaed;  and 
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the  impression  which  is  thus  produced  at  last  becomes  so  strong,  that  it 
calls-forth,  through  the  medium  of  a  ganglionic  centre,  probably  situated 
in  the  lower  portion  of  the  Spinal  Cord,  a  reflex  contraction  of  the  mus- 
cular fibres  of  the  Vasa  Deferentia,  and  of  the  muscles  which  surround 
the  Vesiculae  Seminales  and  Prostate  gland.  These  receptacles  discharge 
their  contents  into  the  Urethra ;  from  which  they  are  expelled  with  some 
degree  of  force,  and  with  a  kind  of  convulsive  action,  by  its  own  Com- 
pressor muscles ;  whilst  they  are  prevented  from  passing  back  into  the 
bladder,  according  to  Kobelt,  by  the  great  distension  of  the  Verumon- 
tanum  which  occurs  during  the  period  of  erection.  Now  although  the 
sensations  concerned  in  this  act  are  ordinarily  most  acutely  pleasurable, 
there  appears  sufficient  evidence  that  they  are  by  no  means  essential  to 
its  performance ;  and  that  the  impression  which  is  conveyed  to  the  Spinal 
Cord  need  not  give  rise  to  a  sensation,  in  order  to  produce  the  reflex  con- 
traction of  the  Ejaculator  muscles  (§  495).  The  high  degree  of  nervous 
excitement  which  the  act  of  coition  involves,  produces  a  subsequent 
depression  to  a  corresponding  amount ;  and  the  too  frequent  repetition  of 
it  is  productive  of  consequences  very  injurious  to  the  general  health. 
This  is  still  more  the  case  with  the  solitary  indulgence,  which  (it  is  to  be 
feared)  is  practised  by  too  many  youths ;  for  this,  substituting  an  imna- 
tural  degree  of  one  kind  of  excitement  for  that  which  is  wanting  in  another, 
cannot  but  be  still  more  trying  to  the  bodily  powers.  The  secretion  of 
seminal  fluid  being,  like  other  secretions,  very  much  under  the  control 
of  the  nervous  system,  will  be  increased  by  the  continual  direction  of  the 
mind  towards  objects  which  awaken  the  sexual  propensity  (§  710)  ;  and 
thus,  if  a  frequent  discharge  be  occasioned,  whether  by  natural  or  unna- 
tural excitement,  a  much  larger  quantity  will  altogether  be  produced, 
although  the  amount  emitted  at  each  period  will  be  less,  and  its  due  per- 
fection will  not  be  attained,  the  fluid  under  such  circumstances  being 
found  to  contain  an  unduly-large  proportion  of  immature  seminal  cells. 
The  formation  of  the  secretion  seems  of  itself  to  be  a  much  greater  tax 
upon  the  corporeal  powers,  than  might  have  been  supposed  ^priori :  and 
it  is  a  well-known  fact,  that  the  highest  d^ee  of  bodily  vigour  is  incon- 
sistent with  more  than  a  very  moderate  indulgence  in  sexual  intercourse ; 
whilst  nothing  is  more  certain  to  reduce  the  powers,  both  of  body  and 
mind,  than  excess  in  this  respect. — These  principles,  which  are  of  great 
importance  in  the  regulation  of  the  health,  are  but  expressions  of  the 
general  law  (which  prevails  equally  in  the  Vegetable  and  in  the  Animal 
kingdom),  that  the  Development  of  the  Individual  and  the  Reproduction 
of  the  Species  stand  in  an  inverse  ratio  to  each  other. 

3.  Action  of  the  Female. 

726.  The  essential  part  of  the  Female  Generative  system,  is  that  in 
which  the  Ova  are  prepared ;  the  other  organs  are  merely  accessory,  and 
are  not  to  be  found  in  a  large  proportion  of  the  Animal  kingdom.  In 
many  of  the  lower  animals,  the  Ovarium  consists  of  a  loose  tissue  con- 
taining many  areolee,  in  which  the  Ova  are  formed,  and  from  which  they 
escape  by  the  rupture  of  the  cell-walls ;  in  the  higher  animals,  as  in  the 
Human  female,  ^e  substance  of  the  Ovarium  is  firm  and  compact,  and 
consists  of  a  nucleated,  tough,  fibrou3,  though  not  distinctly  fibrillar,  con- 
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tiective  tisane^  fonniTig  what  is  known  as  the  stroma ;  and  the  Ovaj  except 
wljen  they  aro  approacliing  matijrity,  can  only  be  diBtingiii^ed  in  the 
interstices  of  tliisi  by  the  aid  of  a  high  magniiying  power.*  The  Ottiiii 
in  all  Vorteh rated  animals  ia  produced  within  a  capsule  or  hag,  the 
exterior  of  which  is  in  contact  with  the  stroma  of  the  oiFarinni ;  this  has 
been  termed^  in  Mammaha,  the  Graafian  vtst'de,  after  the  name  of  its 
fir»t  discoverer;  Ijut  the  more  general  and  appropriate  designation  of 
Ovisac  was  given  to  it  by  Dr*  Barry,  who  showed  that  it  exists  in  other 
cla«ftCfl  of  Vcrtebmta^  Between  the  OvTun  and  the  OTisac,  in  Oviparona 
animals,  there  is  scarcely  any  interval ;  but  in  the  Mammal ia^  a  large 
amount  of  granular  matter  (composed  of  nucleated  cells,  loosely  aggre- 
gated together)  is  present ;  being  ©specially  found  adherent  to  the  Unuag 

Fio.  155. 
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of  the  ovisac,  to  which  it  fomiB  a  sort  of  epithehum,  or  internal  tnnic^ 
koown  as  the  membrana  granulosa  ;  whilst  it  also  forms  a  disk-like 
inyestment  to  the  ovum,  which  is  termed  the  iUbcus  j^roligerns.  The 
membrane  which  incloses  the  jolk  in  MammaHa  has  received,  on  accoutii 


•  Several  worki  hare  ]itt«1;  uppeared  upon  the  mintiteaDatomy  of  the  Ovarii^  j ^_ 

llifl  mora  important  of  vhkh  ureBoraaakow  m  tbe  ''  War^btirger  NaturwiM.  E^tacfaxili/^ 
tmad  IT.  p.  56  I  SobrtJn  m  the  "  Zeita.  f.  Wiaa.  Zoohrgw,"  baod  xiL  hefl  3  ;  Quhvcke  m 
Idem,  band  x\\.  p.  483^  Grohe  in  "  Virchow'B  Arcbiv^*'  band  xxvL  p*  271;  and 
Pfltlgef,  ''  Uebfir  die  Eieratoeke  der  Sjingetbiere  and  dea  Mcnschen/'  Leipa%  1863, 
Pflilger  mKiDUins  that  at  an  carlj  period  tnbes  maybe aeea in  tbc ovarie«j  prvvrided  vitJk 
a  metnbrana  propna  and  an  epH helium,  within  which  the  eggs  derelope,  and  whidi,  bjr 
hcooming  oonstricl«d  at  certain  points  form  tha  3mafian  foUiclea.  Oilier  obverrois 
haws  be^  unable  U>  dlACover  these  tube«.  Borsenkow,  bowever,  oerroborat^  Flfl^i^a 
nhaflrratiouB,  b&Tlng  seen  tbt'in  in  kittcnu  mdiating  from  tke  eenUi^  towaida  the  p«riph«t7 
of  the  ovarf,  and  fonitiiig  cbaitia  of  fdlides.  He  deaoibee  the  egg^  as  procseediag  A^mb 
^i«Gia]1f-deire](»ped  oella  ooDlAined  in  these  tubes,  the  f^g  being  {Mjoa^nenllx,  froa  ita 
Verj  eotnmeneemimt,  a  eeU|  &nd  not  a  ttws  nncleun.  The  venicula  fferminttiivm  m  ibe 
nuclcua  of  thia  eoLli  and  the  oontente  of  the  edl  arc  the  jnik,  the  Uiler  being  pTCtteai  in 
the  earlicflt  stage,  bo  that  tboro  is  no  BurroundiiTg  of  a  nuclens  vith  protoplaam,  or  of  a 
pnmitiTt!  cell  with  jolk  aubstance.  Quincke  has  aeen  egga  with  two  ftsitnim  ^rrtniru»- 
tirtr^  iind  elongated  foUii^lea  with  two  or  thrtse  e«ga,  aod  beUerea  that  the  Qnafiiyi 
follicles  increase  by  division,  and  that  the  whole  GniaJlaa  fuUicte  is  only  a.n  enlai^ied  oell. 
In  the  interior  of  wbloh.  In  eotUKquence  of  the  fission  of  ita  nueleni,  the  egg  anil  Ibe  o«l]« 
of  the  membmna  gran  nines  develop. 

t  '  Beeearehea  in  BmbrjolQ^,*  Isl  aeriet,  in  "  Fhllcna.  Traniaet,"**  IBM, 
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of  its  thickness  and  peculiar  transparency,  the  distinctive  appellation  of 
zona  pellucida  (Fig.  155,  m  v). — The  yolk  or  vitellua  (j)y  which  is  com- 
posed of  albumen  and  oil-particles,  with  traces  of  cells,  is  very  small  in 
the  Mammalian  ovum,  its  function  being  limited  to  the  sustenance  of 
the  germ  diiring  its  earliest  period  of  development ;  and  it  corresponds 
rather  with  that  part  of  the  yolk  of  the  egg  of  the  higher  Ovipara  which 
has  been  distinguished  as  the  '  germ-yolk,*  in  consequence  of  its  direct 
participation  in  the  formation  of  the  germinal  substance,  than  with 
that  which  has  been  termed  the  *  food-yolk,'  as  not  being  incorpo- 
rated with  the  germ,  but  being  destined  for  its  subsequent  nutrition  by 
undergoing  conversion  into  blood.  Occupying  the  centre  of  the  vitelline 
mass,  in  the  immature  ovum,  is  a  peculiar  cell,  very  different  in  its  aspect 
from  the  surroimding  substance,  which  is  termed  the  germinal  vesicle 
(Fig.  155,  V  g)  ;  and  this  has  a  very  distinct  nucleus  {t  g),  known  as  the 
germinal  spot.  This  cell  must  be  considered  as  the  essential  part  of  the 
ovum,  and  as  homologous  with  the  *  germ-cell'  or  *  embryonal  vesicle' 
of  the  Vegetable  ovule. — The  Egg  of  the  Fowl,  as  it  escapes  from  the 
ovary,  consists  of  the 
food-yolk  (i.  Fig.  156) 
and  the  germ-yolk  (8  and 
9),  enclosed  in  a  thin 
viteUine  membrane  (2). 
The  germ-yolk  appears 
on  the  surface  of  the  food- 
yolk  as  a  small  yellowish- 
white  disk,  termed  the 
Cicatricula  (8),  in  the 
centre  of  which  the  ger- 
minal vesicle  and  germinal 
spot  may  sometimes  be 
seen  ;  from  the  deep  sur- 
&ce  of  the  cicatricula  a 
prolongation  of  the  germ- 
yolk  to  near  the  centre 
of  the  food-yolk  may 
be  traced,  forming  at 
this  part  the  Latebra  (9).  The  food-yolk  (i),  of  very  large  size, 
presents  concentric  markings,  or  kalones,  indicating  the  mode  of  its 
formation.  As  the  egg  descends  the  oviduct  (the  left  one  being 
alone  developed  in  the  Bird),  a  remarkable  coating  of  firm  albmnen  is 
deposited  around  it,  which  by  the  rotation  of  the  egg  becomes  twisted  in 
opposite  directions  at  the  two  poles.  These  portions  of  albumen  are 
termed  the  Chalazce  (6),  and  it  is  by  the  slight  elasticity  which  they 
possess  that  the  vitellus  is  subsequently  enabled  to  float  in  the  surrounding 
albumen  with  the  cicatricula  uppermost ;  and  consequently,  whilst  closely 
approximated  to  the  warm  body  of  the  mother,  freely  exposed  to  light  and 
air.  Around  the  chalazse  successive  layers  of  glairy  albumen  (3)  are 
deposited,  which  are  finally  enclosed  by  three  layers  of  membrane  (4  and 
j),  the  last  of  which,  near  the  outlet,  undergoes  calcification  in  a  special 
secreting  segment  or  chamber  of  the  oviduct.  In  making  a  comparison 
between  the  egg  of  the  Bird  and  that  of  the  Mammal,  two  views  may  be 
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entertained.  On  the  one  hand,  Meckel^  with  wlaom  Allen  Tbotnsoo* 
in  the  mam  agrees,  considers  that  the  white,  *  germ*  or  primitive  yoik  of 
the  Bird*s  egg,  consisting  of  the  germinal  vesicle^  grantilar  jolk,  and  a 
limitary  membrane,  or  zona  peUucida,  is  the  analogue  of  tlie  whole  ovum 
of  Mammals ;  in  which  ease  we  may  look  upon  the  yeUow  yolk  of  ihe 
Bird  and  scaly  Reptiles  as  analogous  to  the  granular  cells  of  the  Graafian 
vesicle  and  tunica  granulosa  of  the  Mammal,  tlie  albumen  o\i  to  tlie 
uterine  secretion,  and  the  calcareous  shell  to  the  decidual  mucous  mem* 
brane  of  the  uterus,  KoUikCT^  Hoyer,  and  Samter,  ou  the  other  hand, 
deny  the  existence  at  any  period  of  the  above-mentioned  limitary  mem- 
brane, or  zona  pellucida,  of  the  white  yolk  ;  and  wirh  thia  the  whole  case 
Mk  to  tl)e  ground,  and  we  must  adopt  the  other  view,  that,  namely, 
notwithstanding  its  large  size  and  complex  formation,  tlie  entire  e^  of 
the  Bird  corresponds  to  the  entire  egg  of  the  Mammah 

727.  The  Human  Ovum  is  extremely  minute ;  not  measuring  alwive 
1-1 20th  of  an  inch  in  diameter,  and  being  sometimea  no  more  than  half 
that  size.  The  diameter  of  the  germinal  vesicle  of  the  Htiman  ovum  haa 
not  yet  been  ascertained,  owing  to  the  difficulty  of  isolating  it  from  the 
yolk;  in  the  ovum  of  tlie  Rabbit,  it  is  about  l-720t!i  and  in  tlie  Guinea 
Pig  aboTit  I'lHOOth  of  an  inch ;  and  that  of  the  germinal  ajsot,  in  the 
Mammalia  generally,  is  irom  l^SGQOth  to  l-24<iOth  of  an  inch. 

7^8.  Ft  ajipearB,  from  tlie  researches  of  Valentin  and  Bischoff,  tliat  in 
Mammalia  the  Graafian  veaicle,  or  Ovisac,  is  fbrmetl  previously  to  the 
Ovum^  which  is  flubsequently  developed  in  its  interior  j  and  on  tljia 
view  it  would  seem  that  we  may  regard  it  as  a  i^tsicle  of  etmlution  for 
the  ovum,  in  the  same  way  that  tlie  gland- eel  Is  of  the  testis  act  aa 
vesicles  of  evolution  for  the  spermatozoa.  But  Baer,  Barry,  and  Allen 
Tliomsonf  maintain  that  small  germ-veaiclea  may  be  sometime&  detected 
(in  Birds  at  least),  in  the  stroma  of  the  ovary  uncovered  by  a  Gma^i 
follicle  or  capsule.  It  is  certain  that  the  development  of  ovisacs  com- 
mences at  a  very  early  period  of  life ;  in  the  ovaries  of  mmc  animals, 
they  can  be  detected  almost  aa  soon  as  these  organs  are  themaelvei 
evolved ;  and  in  all»  they  show  themselves  soon  a^r  birth.  In  Plate  I., 
Fig.  4,  is  represented  the  condition  of  the  Graafian  vesicles  in  various 
stages  of  development,  as  they  are  seen  imbedded  in  the  fibrous  atroma 
of  the  ovarium,  in  a  thin  slice  from  the  ovary  of  a  sow  tLree  weeks 
old ;  by  which  time  the  germinal  vesicle,  which  is  the  first  p^rt  of  the 
ovum  that  makes  its  appearance,  has  been  developed  In  their  interior.  The 
germinal  vesicle,  which  distinctly  shows  the  germinal  spot,  is  surroundecl 
by  an  aasemblage  of  granules,  which  gives  the  first  indication  of  a  yolk ;  and 
around  these,  the  zona  pellucida  appears  to  be  subsequently  develojied.  The 
ovum  at  first  occupies  the  centre  of  the  Graafian  vesicle,  but  it  subaequently 
removes  to  its  periphery ;  and,  when  the  contents  of  the  ovisac  are  nnder- 
going  maturation,  prior  to  their  escajie,  the  ovum  is  always  found  on  the 
side  of  it  nearest  to  tlie  surface  of  the  ovary.  The  proper  Oviaae,  whose 
wall  is  formed  of  a  non -vascular  membrane,  is  surrounded  by  a  vascular 
layer,  which  is  formed  by  a  condensation  of  tlie  ordinary  sta-oma  of  Uie 
ovarium ;  it  is  tliig  which  is  usually  described  as  tlie  outef  layer  of  tba 
Gnuifixm  ^^esicle. 

729.  A  continual  change  seems  to  be  taklng-plac6  in  the  contents  of 

•  '*Cyol<ip,  of  Anftt.  and  PbyBioK,"  Sop^  lemeDt,  1859,  p.  77.  f  lUL  p,  70. 
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the  Ovarium  during  the  greater  part  of  life ;  certain  of  the  Ovisacs  or 
Graafian  vesicles,  and  their  contents,  successively  arriving  at  maturity, 
whilst  otliers  degenerate  and  die.  According  to  the 
valuable  inquiries  of  Dr.  Ritchie,*  it  appears  that 
even  during  the  period  of  childhood,  there  is  a  con- 
tinual rupture  of  ovisacs  and  discharge  of  ova,  at  the 
surface  of  the  ovariimi.  The  Ovaria  are  studded  with 
numerous  minute  copper-coloured  macular,  ^d  their 
surface  presents  delicate  vesicular  elevations,  which 
are  occasioned  by  the  most  matured  ovisacs;  the 
dehiscence  of  these  takes-place  by  minute  pimctiform 
openings  in  the  peritoneal  coat,  and  no  cicatrix  is 
left.  At  the  period  of  puberty,  the  stroma  of  the 
ovariimi  is  crowded  with  ovisacs ;  which  are  still  so 
minute,  that  in  the  Ox  (according  to  Dr.  Barry's  com- 
putation) a  cubic  inch  would  contain  200  millions  of 
them.  The  greatest  advance  is  seen  in  those  which 
are  situated  nearest  the  surface  of  the  Ovarium ; 
and  in  such,  the  Graafian  vesicle,  with  its  two  coats, 
may  be  distinctly  traced.  In  those  animals  whose 
aptitude  for  conception  is  periodical,  the  development 
of  the  ova  to  such  a  degree  that  they  become  ])repared 
for  fecundation,  is  periodical  also.  This  development 
is  made  evident,  when  the  parts  are  examined  in  an 
animal  which  is  *  in  heat,'  by  the  projection  of  the 
Graafian  vesicles  from  the  surface  (Fig.  157)  ;  and  it 
consists  not  merely  in  an  increase  of  size,  but  in 
certain  internal  changes  presently  to  be  described  (§  734). 

730.  In  the  Human  female,  the  i>eriod  of  Puberty,  or  commencing 
aptitude  for  procreation,  is  usually  between  the  13th  and  16th  years;  it 
is  generally  thought  to  be  somewliat  earlier  in  warm  climates  than  in 
coldjf  and  m  densely-populated  manufacturing  towns  than  in  thinly- 
peopled  agricultural  districts.  The  mental  and  bodily  habits  of  the 
individual  have  also  considerable  influence  upon  the  time  of  its  occur- 

*  "  London  Medical  Gazette/*  1844. 

•¥  It  has  been  stated,. by  almost  all  Physiological  writers,  that  women  (like  fhiits) 
reach  maturity,  and  that  menstruation  commences,  much  earlier  in  hot  climates,  parti- 
cularly between  the  tropics,  than  in  temperate  and  yery  cold  countries.  From  many 
elaborate  and  interesting  papers  which  have  been  publisiied  within  a  few  years,  how- 
ever, especially  from  those  of  Mr.  Roberton  of  Manchester  (recently  collected  in  his 
*'  Essays  on  Menstruation,  and  on  Practical  Midwifery,*'  1851),  it  would  seem  that  the 
natural  period  of  puberty  in  temperate  climates  occurs  in  a  much  more  extended  range 
of  ages,  and  is  much  more  equally  distributed  through  that  range,  than  others  hare 
alleged  ;  and  that,  in  other  countries,  the  supposed  parallel  between  plants  and  fruits 
does  not  hold  good.  The  fact  seems  to  be,  that  this,  like  other />mo<2tc  phenomena  of 
warm-blooded  animals,  is  but  little  influenced  by  external  temperature,  simply  because 
the  rate  of  growth  and  development,  of  which  these  phenomena  are  the  exponents,  is 
determined  by  the  temperature  of  the  body  itself,  not  by  that  of  the  surrounding 
medium.  Still  it  is  quite  possible  that  external  warmth  may  have  a  slight  influence  in 
determining  early  puberty;  since,  as  already  shown,  it  tends  to  maintain  a  somewhat 
higher  degree  of  bodily  heat  (§  405).  According  to  Szukitz,  the  average  age  at  which 
the  catamenia  appear  amongst  Qerman  women  is  154  7®<^n  i  according  to  Brierre  de 
Boismont,  it  occurs  s  year  earlier  in  Parisian  girU.  See  Henle  and  Meiasner's  "  Bericht>" 
1857,  p.  606. 


Oearium  qftke  BahbU, 
at  the  period  of  Heat; 
showing  vsrious  stages 
of  the  eztroBion  of  ova. 
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rence ;  girls  brought-tip  in  the  inidBt  of  luxury  or  eensual  indtdg^^cef 
undergoing  this  change  earlier  than  those  reared  in  hardihood  and  aelf- 
denial.  The  changes  in  which  puberty  oonsistB^  are  for  the  most  part 
connected  with  the  Reprotluctive  system.  The  external  and  tnteroal 
organs  of  generation  undergo  a  considerable  increase  of  size;  the  mam- 
mary glands  enlarge ;  and  a  depoaition  of  fat  takes-place  in  the  mamniH^ 
and  on  the  pubea^  as  weK  as  over  the  whole  surface  of  the  body,  giving 
to  the  person  that  roundness  aJid  fubcss,  which  are  bo  attractive  to  tlie 
opposite  sex  at  the  period  of  commencing  womanhood.  The  first  ap- 
pearance of  the  Catamenia  usuaUy  occurs  whilst  th^e  changes  are  in 
pirogreBS,  and  is  a  decided  indication  of  the  arrival  of  the  period  of 
puberty ;  but  it  is  not  unii-equently  delayed  much  longer ;  and  ita 
absence  is  by  no  means  to  be  regarded  as  a  proof  of  die  want  of  ftptimde 
for  procreation,  since  many  women  have  borne  large  fiimilies  without 
having  ever  menstruated.  The  Catamenial  discharge,  as  it  issues  from 
the  uterus,  appears  to  be  nearly  or  quite  identical  with  ordinary  blood  ; 
but  in  its  passage  through  the  vfigina,  it  become  mixed  with  the  acid 
mucus  exuded  from  its  walls,  wJiicb  usually  deiirivea  it  of  the  power  of 
coagulating.  If  the  discharge  should  be  profuse,  however,  a  portion  of 
its  fibrin  remains  unaffected,  and  clots  are  formed.  In  cases  in  which, 
by  the  death  of  women  at  this  period,  an  opportunity  has  been  afibrded 
for  the  examination  of  the  lining  membrane  of  the  uterus  during  men- 
struation, it  is  found  to  be  unusually  turgid  with  blood,  the  veins  in 
particular  being  much  distended,  and  opening  ujwn  the  internal  surlace 
by  capillary  orifices,  to  which  valvules  are  occasionally  foimd  attadied.* 
rience  it  js  scarcely  correct  to  designate  the  menstrual  flux  as  a  *  secre- 
tion;* although  there  is  reason  to  thi alt  that  it  may  carry-ofF,  besides 
blood,  certain  matters  wHcb  would  be  appropriate  to  the  ibrmation  of  a 
Decidual  membrane  (§  741),  but  which^  if  not  so  employed,  l:iecome 
ejtcrementitious, — The  internal  which  usually  elapses  between  the  suc- 
cessive appearances  of  the  discharge,  is  about  four  weeks  ^  and  die 
duration  of  the  ^ow  is  from  three  to  six  days.  There  is  great  variety 
in  this  respect,  however,  among  the  inhabitants  of  different  climates,  and 
among  individuals;  in  general,  the  appearance  is  more  frequent,  and 
the  duration  of  the  flow  greater,  among  the  residents  in  warm  cc^untriea, 
and  among  individuals  of  luxurious  habits  and  relaxed  Iratne,  than 
among  the  inhabitants  of  colder  climes,  or  among  individuals  iniu^  to 
bodily  exertion.  The  first  appearance  of  the  discharge  is  ustially  pre- 
ceded and  accompanied  by  considerable  general  djsturhance  of  tjio 
system,  e^i>ecially  piiin  in  tlie  loins  and  a  sense  of  fatigue  in  the  lower 
extremities ;  and  its  periodical  return  is  usually  attended  with  the  like 
BjTnptoms,  which  are  more  or  less  severe  in  different  individuals, 

7Lil.  Mitch  tliscussion  has  taken-place  respecting  the  causes  and  pur- 
poses of  the  Menstrual  i!ow;  and  recent  inquiries  have  thrown  great 
light  upon  them.  The  state  of  die  female  generative  ^stem,  during  ite 
contiimance,  appears  to  be  analogous  to  tlie  A^«l  or  periodic  sexual  excite- 
ment of  tlie  lower  animals ;  some  of  which  have  a  sero-aanguinolent  dis- 
charge at  that  period,  and  among  many  of  which  tlie  ova  are  entirely 
extruded  by  tlje  female  beibre  the  spermatic  fluid  of  the  maJe  reach^ 
tliem,  this  occusionaJly  taking-ptace  even  in  Birds.  There  is  good  reasovi 
•  Bm  Whitehead  '*Oii  Abortwa  ittd  SteriUtj/'  pp»  18^7* 


NATURE  AND  CAUSES  OF  MENSTRUAL  FLUX.  759 

to  believe  that  in  the  Human  female  the  sexual  feeling  becomes  stronger 
at  the  period  of  menstruation ;  and  it  is  quite  certain  that  there  is  a 
greater  aptitude  for  Conception,  immediately  before  and  after  that  epoch, 
than  there  is  at  any  intermediate  period.  Observations  to  this  effect 
were  made  by  Hippocrates,  and  were  confirmed  by  Boerhaave  and 
Haller ;  indeed,  coitus  immediately  after  menstruation  appears  to  have 
been  frequently  recommended  as  a  cure  for  sterility,  and  to  have  proved 
successful.  This  question  has  been  made  the  subject  of  special  inquiry 
by  M.  Eaciborski ;  who  affirms  that  the  exceptions  to  the  rule — that 
conception  occurs  immediately  before  or  aft^er,  or  during  menstruation — 
are  not  more  than  6  or  7  per  cent.  Indeed,  in  his  latest  work  on  this 
subject,*  he  gives  the  details  of  15  cases,  in  which  the  date  of  conception 
could  be  accurately  fixed,  and  the  time  of  the  last  appearance  of  the 
catamenia  was  also  known ;  and  in  all  but  one  of  them,  the  correspond- 
ence between  the  two  periods  was  very  close.  Even  in  the  exceptional 
case,  the  catamenia  made  their  appearance  shortly  after  the  coitus; 
which  took-place  at  about  the  middle  of  the  interval  between  the  two 
r^idar  periods.  When  conception  occurs  immediately  before  the  men- 
strual period,  the  catamenia  sometimes  appear,  and  sometimes  are  absent ; 
if  they  appear,  their  duration  is  generally  less  than  tisual.  The  &ct 
that  conception  oft;en  takes-place  immediately  before  the  last  appearance 
of  the  catamenia  (and  not  after  it,  as  commonly  imagined),  is  one  well 
known  to  practical  men. — ^Numerous  cases  have  been  collected  by  Mr. 
Girdwood,  Dr.  Kobert  Lee,  MM.  Grendrin,  Negrier,  Kaciborski,  and 
others,  in  which  the  menstrual  period  was  evidently  connected  with  the 
maturation  and  discharge  of  ova  ;f  but  the  most  complete  observations 
yet  made  on  this  subject,  are  those  of  Dr.  Ritchie  (loc.  cit.).  He  states 
that  about  the  period  of  puberty  a  marked  change  usually  takes-place  in 
the  mode  in  which  the  ovisacs  discharge  their  contents ;  but  that  this 
change  does  not  necessarily  occur  simiiltaneously  with  the  first  appear- 
ance of  the  catamenia ;  as  in  some  cases,  the  conditions  which  obtain  in 
the  period  before  puberty,  are  extended  into  that  of  menstruation.  The 
ovaries  now  receive  a  much  larger  supply  of  blood ;  the  ovisacs  show  a 
great  increase  in  bulk  and  vascularity,  so  that,  when  they  appear  at  the 
sur&ce  of  the  ovary,  they  present  themselves  as  pisiform  turgid  eleva- 
tions ;  and  the  discharge  of  their  contents  leaves  a  much  larger  cicatrix, 
and  is  accompanied  by  an  effusion  of  blood  into  their  cavity,  with  other 
subsequent  changes  to  be  presently  described.  It  would  appear,  how- 
ever, that  although  such  a  discharge  takes-place  mo«</rtfgi<en%  at  the 
menstrual  period,  yet  the  two  occurrences  are  not  necessarily  co-existent; 
for  menstruation  may  take-place  without  any  such  rupture ;  whilst,  on 
the  other  hand,  the  maturation  and  discharge  of  mature  ova  may  occur 
in  the  intervals  of  menstruation,  and  even  at  periods  of  life  when  that 
function  is  not  taking-place.  Perhaps  the  most  correct  general  state- 
ment on  the  subject  would  be  this :  that  there  is  a  periodic  return  of 
Ovarian  excitement,  which  tends  to  the  maturation  and  extrusion  of 

*  '*  Sar  ht  Ponte  des  MammifdreB/*  Paris,  1844. 

t  Sach,  at  least,  appears  to  be  the  legitimate  inference  from  the  state  of  the 
Oraries ;  but  the  cases  are  very  few  in  which  the  extruded  Ova  have  been  found  in  the 
female  passages.  Two  sach  cases  (one  of  them,  however,  not  altogether  satis&ctory)  were 
recorded  by  Dr.  Letheby,  in  **  Philos.  Transact./'  1852. 
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oTulea,  though  it  may  not  always  reach  that  point;  whilst  tli^re  is 
idso  a  periocUc  tiirgescence  of  the  veaaek  of  tho  Immg  menihraue  dt 
the  U  tenia,  which  It  mis  to  tiie  production  of  a  decidual  membrane; 
— but  that  thei&e  two  periods^  tliough  usually  coinddeiit,  are  not  neces- 
flarijy  io  |  and  that  either  changa  n$a^  ooq\^  witliout  tlie  concurrence  of 
the  other. 

7iJ2.  The  duration  of  the  period  of  aptitude  for  procreation,  as  marVed 
by  tlie  persietetice  of  the  Catamenia,  is  more  limited  iii  Women  than  tn 
l^ien,  iijually  terminating  at  about  tlie  4hi}k  year ;  it  is  sometimes  pro- 
longed, however^  for  ten  or  even  Jifteeu  years  further  ;  but  cases  are  mre 
in  which  women  aboire  50  years  of  age  haye  borne  chiWren,  Tbene  is 
usually  no  menstrual  flow  during  pregnancy  and  lactation ;  in  fact,  the 
ceaaation  of  the  catanienia  is  generally  one  of  tlie  first  signs  indicating 
tliat  conception  has  laken-place.  But  it  is  by  no  means  tincomtnon  for 
them  to  appear  once  or  twice  subsequently  to  conception ;  and  in  some 
women  tljere  is  a  regular  monthly  disdiarge^  tliough  probably  not  of  tJie 
iiBual  cliaracter,  through  tlje  whole  period.  Some  very  anuiniUotis  cases 
are  on  record,  in  which  tlie  catamenia  never  appeared  at  any  other  time 
than  during  pregnancy,  and  were  then  regular,  Tlie  absence  of  the 
eataimenia  during  lactation  is  by  no  means  constant,  especiiLliy  if  the  ficrriod 
l}e  prolonged ;  when  the  raenstritat  discharge  recurs,  it  may  be  consirlered 
as  indicating  an  aptitude  for  conception;  and  it  is  well  known  that, 
al though  pregnancy  seldom  rectirs  during  the  continuance  of  lactation^ 
the  rule  is  by  no  means  invariable. 

733.  The  function  of  the  Female,  during  the  coitus,  is  essentiaJly 
passive.  When  the  sexual  feeling  is  strongly  excited,  there  is  a  ooti* 
siderable  degree  of  ttu^esceuce  in  the  erectile  tissue  surround ing  the 
vagina,  and  composing  the  greater  part  of  the  nj*tnphie  and  tlie  eUiarls ; 
and  fJiere  is  an  increased  secretion  from  various  glandular  follicles**  Bill 
these  chfmges  are  by  no  means  necesaary  for  efFcctual  coition ;  since  il  is 
a  fiict  well  estabhaliedj  tliat  fruitful  intercourse  may  take-place  when  tbe 
female  is  in  a  state  of  narcotism^  of  somnambulism,  or  even  of  profound 
ordinary  sleep.  It  has  been  supposed  l>y  some,  that  the  os  uteri  dilales, 
by  a  kind  of  reflex  action,  to  receive  the  semen  ■  but  of  this  there  i»  na 
evidence.  The  iutroductioD  of  a  small  quantity  of  the  lliud  just  within 
the  vagina,  appears  to  be  all  tliat  ia  absolutely  necesaary  for  conception  ; 
for  there  are  many  cases  on  record  in  which  pregnancy  bfis  occiu-f«d,  in 
spite  of  the  closure  of  the  entrance  to  the  vagina  by  a  strong  inembntne 
in  which  but  a  very  small  aperture  existed.     That  ^e  s[)ermatO70ia  make 

*  The  glnnds  of  Dtiremflf,  whic\t  ivere  yerj  &CGumteI^  doacrib^d  hj  F^fSettor  Ti«d«> 
roann  (1340),  and  aubHeqaeatlj  by  M.  Hugnier  m  the  **  Arclii¥«i  d'iUiat4liiie"  (lS4Th 
veem  to  be  annlogoui  Iq  Cowper^A  gUnds,  «nd  like  them  ore  »ome%\mt»  wmatinf  «iii| 
lUJfer  Iq  ilze.  In  ad?aoCied  %ge  ibej  are  aaiil  to  diiQiiilBh  iu  dse,  tuid  even  to  Stm^ptpmr* 
Thej  ai«  present  in  thfi  femides  of  idJ  asiiaiidi,  where  Cawper's  gliLudi  exist  m  the  m&Ua. 
TLey  jH^cret«  n  thick,  tenacious,  greyish-white  flnld,  wbioh  ii  einitted  la  krgia  quMitilj 
ut  tbe  termination  of  the  s^xofLl  act,  moat  likeljr  fmni  tbe  spasmodic  oontfmoiloii  of  ^iut 
oonairicbor  vaginffi  musclej,  itoder  which  thej  He.  Its  admijcttire  with  thm  malt  aemca 
kitfl  been  fiD|rp<)ged  to  have  some  connectioii  with  impcegnaiioQ  i  bnt  no  proof  *h».%tww 
hm  lieen  glvtiri  that  any  irach  admixture  h  nece8saJ7.  It  s^ma  not  miprctbiible,  h6w* 
evL^r^  tb:it  it  may  serve,  liko  tbe  proatatic  fiuid  of  the  mate,  to  gi^e  a  diiutinn  t4»  the 
ttE;:iu3nal  iuid  thut  ia  faroumbte  to  its  action  {%  71^).  TheiseglaQdA  weri»  probablj  kuow« 
in  Uj«.-  auelentft;  and  it  ittdoubtlcjas  their  fi«crotign|  whick  Hippoomtoi  aad  othen  d#Mnbe 
HA  the  female  ienien. 
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their  way  towards  the  ovarium,  and  fecundate  the  ovum  either  before  it 
entirely  quits  the  ovisac  or  very  shortly  afterwards,  appears  to  be  the 
general  rule  in  r^ard  to  the  Mammalia ;  and  their  power  of  movement 
must  obviously  be  both  vigorous  and  long  continued  to  enable  them  to 
traverse  so  great  an  extent  of  mucous  membrane,  especially  when  it  is 
remembered  that  they  ascend  in  opposition  to  the  direction  of  the  ciliary 
movement  of  the  epithelial  cells,  and  to  the  downward  peristaltic  action 
of  the  Fallopian  tubes,  which  may  generally  be  noticed  in  animals  killed 
soon  after  sexual  intercoiu^e. — We  shall  now  consider  the  changes  in  the 
Ovum  and  its  appendages,  by  which  it  is  prepared  for  fecundation. 

734.  Up  to  the  period  when  the  Ovum  is  nearly  brought  to  maturity, 
it  remains  in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian 
follicle ;  and  it  is  supported  in  its  place  by  the  *  membrana  granulosa,' 
which  is  continuous  with  its  proligerous  disk.  The  movement  of  the 
ovum  towards  tlie  surface,  which  has  been  already  referred-to  as  a  part 
of  the  changes  by  which  it  is  prepared  for  fecundation,  appears  from  the 
observations  of  Valentin  to  be  due  to  the  following  cause : — In  the  imma- 
ture ovisac,  the  space  between  its  inner  layer  and  the  ovum  is  for  the 
most  part  filled-up  with  cells ;  these,  however,  gradually  dissolve-away, 
especially  on  the  side  nearest  the  surface  of  the  ovary ;  whilst  an  albu- 
minous fluid  is  effused  from  the  deeper  part  of  the  ovisac,  which  pushes 
the  residual  layer  (forming  the  discus  proligerus)  before  it,  and  thus 
carries  it  against  the  opposite  wall.  At  the  same  time,  there  is  a  gradual 
thinning-away  of  the  various  envelopes  of  the  Graafian  follicle,  as  well  as 
of  its  own  walls,  in  the  situation  of  its  most  projecting  part ;  and  thus  it 
is  preparing  to  give- way  at  that  point,  for  the  discharge  of  the  contained 
ovum.  Before  rupture  takes  place,  however,  the  ovisac  itself  undergoes 
a  considerable  change.  Its  walls  become  more  vascular  externally,  and 
are  thickened  on  their  interior 

by  the  deposit  of  a  fleshy-look-  Fio.  168. 

ing  substance,  which  in  many 
of  the  lower  Mammalia  is  of  a 
reddish  colour,  whilst  in  the 
Human  female  it  is  rather  of  a 
yellowish  hue.  This  substance, 
known  as  the  Corpus  luteuin^  is 
at  first  entirely  composed  of  an 
aggregation  of  cells  (Fig.  158), 
and  may,  in  fact,  be  considered 
as  an  increased  development, 
or   hypertrophy,   of  the   '  mem-      CeUBfornnngt}.eon^^h^^otihBCorpu, 

brana    granulosa'    or   epithelial 

lining  of  the  ovisac;  many  of  its  cells,  however,  especially  those  in 
apposition  with  the  enveloping  wall  of  the  follicle,  imdergo  a  more 
or  less  complete  transformation  into  fibres ;  and  thus  a  gradual  transi- 
tion is  established  between  the  cellular  substance  of  the  interior  of 
the  mass,  and  the  fibrous  stroma  of  the  Ovarium  itself*  In  most  domestic 
quadrupeds,  this  growth,  which  sprouts  like  a  mass  of  granulations  from 

*  Bj  some  observers,  as  Kolliker,  the  principal  part  of  the  new  growth  is  regarded  as 
the  result  of  a  hypertrophy  of  the  internal  layer  of  the  fibrous  membrane  of  the  origioal 
follicle,  which,  even  before  the  expulsion  of  the  ovum,  becomes  loosened  in  texture  and 
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tbe  lining  of  the  ovisac,  is  often  bo  abundant,  if  the  o\nim  be  impregnated, 
aa  not  only  to  till  the  ciivity  of  the  ruptured  vesicle,  but  even  to  protrude 
from  the  orifice  on  the  sur&ce  of  iJie  ovaiy;  this  oriBce  BiibaequeQtlj 
cloaesj  and  the  contained  growth  becomes  graduaUy  firmer,  its  colour 
chaog^ng  from  red  to  yellow.  In  the  Human  female,  however,  as  in  the  6ow, 
thia  new  formation  is  at  first  lesB  abundant;  it  do^  not  form  mammiUary 
projections  from  the  interior  of  Uie  ovisac,  but  li^  aa  a  uniform  hiyer 
upon  its  lining ;  and  this  ia  thrown  into  wrinkJes  or  folds,  in  consequent 
of  the  contraction  of  the  oviaac  (Fig,  15$,  a — d).     An  irregular  cavity  is 

Fio<  159. 
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B«tUBuJYfi  fU^W  of  tb«  foTnwtUin  of  the  CtfrpMK  Imlrtimj  in  Die  GrBfiftm  ftillldf<  ^Flbf  Bow» 
m  MM  la  V«ctiQ«l  MottOQ.-'*!  a  iisUawM  the  aLaf  e  of  Lbc  MILvjId  Imm^&AUi^  ifter  tlio  «ip^ 
■inn  oftlw  tvnvm,  it«  oiritr  being  ailM  with  blood, and  do  oitcuiibjo  InerMM  of  lu  cf llhctiy 
UntTif  havlnf?  jet  Ult«D  plsee  i  at  A, «  Ihukenin^of  lhi«  Limnir  hu  betHone  ifiHrviiii  At  r, Jt 
be^iiii  Lo  prir»t'iil  foldj  which  ntu  JeepcntM]  at  4^,  luid  the  clut  of  blood  ii  fttwofbed  pvriMMii, 
mnd  At  the  aame  Linie  docokmod ;  a  ctmUniuact^  gf  tbe  suno  ptwiatf  m  tbowii  «l  'i^f*  A, 
formi  the  Curpiu  Luteumj  with  IU  it<^liat«  ejq^itjrli. 

thus  at  first  left  in  the  interior  of  the  ovisac,  after  the  discharge  of  the 
ovum;  but  tJiia  gradually  diminishes,  partly  in  consequence  of  tlie 
increased  growth  of  the  yellow  substance,  and  partly  owing  to  the  gencml 
contraction  of  the  ovisac,  until  it  is  at  last  nearly  obliterated  or  reduced 
to  a  sort  of  stellate  cicatrix  (e — It),  An  effusion  of  blood  usually  takes j 
place  into  tliis  cavity,  in  the  Human  female,  at  the  time  of  the  ruptare^ 
tlie  ovisac;  but  tlie  coagulum  which  is  left^  takes  no  share  in  the  fonii«r-| 
tiou  of  the  yellow  body*  It  generally  loses  its  colouring- matter, 
acquires  the  characters  of  u  fibrinous  clot;  and  tliis  may  either  form  i 
sort  of  membranous  sac  lining  the  cavity^  or  it  may  become  a  sohd  i 
occupying  the  centre  of  the  stellate  cicatrix.* 

735.  The  later  part  of  the  history  of  the  Corpus  Luteum  is  greatly  in- 
fluenotd  hy  the  impregnation  or  non-impregnation  of  the  Ovum  wbode 
etJrtrufflon  it  has  followed. — If  conception  do  not  take- pi  ace,  the  cor|iiia 
lutetmi  seldoms  attains  a  eize  greater  than  that  of  a  small  pea,  and  ia  vt^r^l 
commonly  less  tlian  this ;  and  it  begins  to  diminish  al)out  the  time  of  thi] 
next  menstruation,  its  shapes  which  was  at  first  globuJar,  becoming  i 

sagiMiited  la  tliickaeaa.     The  fact  se^oiB  to  bo,  tbat,  ai  la  lli«  ci«o  of  the  M&lpi^litut  1 
bodioi  of  tbe  Spleen  (§130,  iit.},  iham  h  no  dbftbet  iLafl  of  d^nureatloa  betwwn  the] 

J^rofiM  wnU  &ad  the  cdlutar  tonttntji  of  the  follicle, 

•  Thb  procesa  wsa  firat  Rooumtel/  dc«cribeJ  bj  M.  Fouchet,  ia  his  *'  Th^orio  Penitiv 
de  rOtuUtion  Spout&nH''  1S*7. 
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what  collapsed  and  flattened.  This  diminution  is  due  in  the  first  instance 
to  the  absorption  of  part  of  its  contained  coagulum,  which  usually  at  the 
same  time  loses  part  of  its  colouring-matter ;  but  contemporaneously  with 
this,  there  is  an  increase  in  the  proper  yellow  substance,  which  also  becomes 
brighter  in  colour  from  the  presence  of  a  large  quantity  of  oleaginous 
matter  in  its  cells.  Soon,  however,  the  yellow  substance  becomes  softer 
and  more  friable,  showing  less  distinctly  the  markings  of  its  conyolutions ; 
whilst  at  the  same  time  it  becomes  more  intimately  connected  with  the 
neighbouring  tissues.  The  central  coagulum  becomes  a  &int,  whitish, 
stellate  cicatrix ;  and  the  yellow  substance  assumes  various  irregularities 
of  form,  and  gradually  decreases  in  size.  As  a  general  rule,  the  corpus 
luteum  of  the  non-pr^nant  female  is  reduced  within  six  or  eight  weeks 
to  a  very  insignificant  size;  but  it  may  then  remain  almost  unchanged 
for  many  months ;  so  that,  in  the  ovaries  of  females  who  have  menstruated 
regularly,  numerous  obsolete  corpora  lutea  may  be  distinguished. — But 
if,  on  the  other  hand,  the  discharged  ovtun  should  be  fertilized,  and  preg- 
nancy should  supervene,  the  corpus  luteum,  instead  of  reaching  its  maxi- 
mum of  development  in  three  or  four  weeks  and  then  undergoing 
atrophy,  continues  to  develope  itself  for  a  considerable  period,  and  does 
not,  in  fact,  become  very  decidedly  retrograde,  until  afler  the  termination 
of  gestation.  This  difierence  relates  not  only  to  its  size,  but  also  to  its 
aspect  and  general  characters.  Its  size  appears  to  be  usually  greatest 
between  the  third  and  the  sixth  months  of  pregnancy ;  it  retains  its 
globular  or  only  slightly-fiattened  form ;  and  it  continues  to  give  to  the 
touch  a  sense  of  considerable  resistance  and  solidity.  The  convoluted 
wall  of  yellow  substance  becomes  much  thicker  in  proportion  to  the  space 
in  its  interior ;  so  that  whilst  in  the  non-impregnated  temale  its  thickness 
never  exceeds  one-eighth  of  an  inch,  and  is  usually  much  less,  that  of  the 
pr^nant  female  measures  as  much  as  from  three-sixteenths  to  one-foiuih 
of  an  inch.  This  substance,  moreover,  acquires  a  firmer  and  more  highly 
organized  structure;  but  instead  of  presenting  an  increased  brightness 
of  colour,  it  fades  to  a  dusky  and  indefinite  hue.  As,  from  the  time  that 
impregnation  takes-place,  the  periodical  activity  of  the  ovary  is  suspended, 
no  new  vesicles  protrude  themselves  from  its  surface  until  ailer  the  com- 
pletion of  gestation ;  and  even  those  which,  at  the  date  of  conception, 
happened  to.be  more  or  less  prominent,  appear  again  to  recede.  Hence, 
if  the  period  of  pregnancy  be  at  all  advanced,  the  corpus  luteum  is  not 
fotmd,  like  that  of  menstruation,  in  company  with  unruptured  vesicles 
in  active  process  of  development.  After  parturition,  the  corpus  luteum 
rapidly  diminishes ;  though  its  characteristic  structure  is  still  to  be  dis- 
tinguished for  many  months,  by  close  inspection.* 

736.  The  foregoing  differences  (whoso  ordinary  existence  may  be  con- 
sidered as  well-established,  although  it  may  not  be  afBrmed  that  they 
present  themselves  characteristically  in  each  individual  case)  are  probably 
to  be  attributed  to  the  increased  determination  of  blood  which  takes-place 
to  the  whole  Grenerative  apparatus,  when  it  is  in  a  state  of  exalted 
functional  activity.  It  is  a  question,  however,  of  much  scientific  interest, 
and  one  that  occasionally  becomes  of  importance  in  Juridical  investiga- 

*  See  especially  the  Prize  Essay  of  Dr.  J.  C.  Dalton,  'On  the  Corpus  Lateum  of  Men- 
stmation  and  Pregnancy/  in  the  **  Transact,  of  the  American  Medical  Aasociation"  for 
1851,  and  separately  reprinted,  Philadelphia,  1851 ;  and  the  excellent  leoiion  on 
*  Reproduction/  in  Lis  '*  Human  Physiology,"  Philadelphia,  1864. 


764 


OF  GENEJUTION  :— ACTlOH  OF  THE   TIMAVE. 


tions,  what  degree  of  resemblance  may  exist  between  the  corpus  luteutB 
which  ia  formed  aiW  the  mere  extniBioii  of  an  ovule,  and  tlmt  whkJi  hj»s 
been  modified  by  the  supervention  of  pregtumc^.  For  It  ie  unquestioa* 
able  that  an  unusual  development  of  the  fibro-ceUiiJar  substsuice  nmy 
sometimes  occur  without  impregnation  j  whilst^  on  the  other  hand,  tlie 
changes  which  usually  follow  impregnation  may  take-place  so  much  leea 
characteristically  than  usual,  that  the  corpus  luteum,  even  at  the  middle 
period  of  pregnancy,  may  be  no  larger  than  that  which  ia  often  found 
where  pregnancy  has  not  occurred.  These  variatioaaj  which  seem  mainly 
to  depend  upon  difFerencea  in  tlie  degree  of  ^-ascular  excitement  of  the 
ovaries  accompanying  and  suoceeding  the  extrusion  of  ova,  render  it  im- 
possible to  draw  any  definite  line  of  demarcation*  hj  which  we  may  at 
once  determine  what  are,  and  what  are  not,  the  resuJts  of  coDception  ;  but 
the  following  jiractical  rules,  deduced  Irom  a  conaideration  of  all  the  cir- 
cumstaneea  yet  known,  may  be  laid  down  for  the  guidance  of  those  who 
find  it  desirable  to  have  some  standard  of  judgment :— ^*  1 ,  A  Corpus 
Luteum^  in  its  earheat  stage  (that  is,  a  large  vesicle  filled  with  coagulated 
bloody  having  a  ruptured  orifice,  and  a  thin  layer  of  yellow  matter  in  ita 
walls),  affords  no  proof  of  impregnation  having  taken-place.— 2.  From 
the  presence  of  a  Corpus  Lutoum,  the  opening  of  which  is  closed,  and  the 
cavity  reduced  or  obhteratcd,  only  a  stellate  cicatrix  remaining^  ako  no 
conclusion  as  to  pregnancy  having  eidsted,  or  fecundation  having  oc* 
curred  can  Iw  drawn,  if  the  Corpus  Lutemn  be  of  small  size^  not 
containing  as  much  yellow  substance  as  wotdd  ibrm  a  mass  the  rixe  of 
a  small  pea.— 3.  A  similar  Corpus  Luteum  of  larger  size  than  a  common 
pea,  would  be  strong  presimjptive  evidence^  not  only  of  impregnation 
having  taken-placc^  but  of  pregnancy  having  existed  daring  m?ve 
w^ks  at  least ;  and  the  evidence  would  approximate  more  and  mor 
to  complete  proof,  in  proportion  as  the  size  of  the  corpus  luteum 
grejiter/'* 

737.  Since  the  discharge  of  matured  Ova  from  the  ovaries  takes-pla 
as  independently  of  sexual  intercourse  in  the  Human  female  (and  in 
Mammalia  generally),  as  it  does  in  those  animals  whose  ova  are  fertiiized|| 
out  of  the  body^  it  seems  unnecessary  that  the  seminal  fluid  should  r^di 
the  ovarium  iu  order  to  efiect  the  fertiliitation  of  the  ova,  since  this  end 
may  be  answered  by  the  contact  of  the  two  in  the  Fallopian  tubes,  or  evea 
in  the  Uterus  itsell*     From  the  experiments  of  Bischoff,  however,  it  ap- 
pears that  in  rabbits,  bitches,  and  probably  in  most  other  Mammalui 
sexmil  union  usually  takes-place  previously  to  the  escape  of  the  ova  fron 
the  ovary,  and  tliat  sufiScient  time  often  elapses  for  the  seminal  lluid  to  resiclil 
the  ovary  beibre  their  extrusion  occurs:  in  such  cases,  tht?r<^fore,  it  woul^J 
s^m  probable  that  fecmidation  is  effected  at  the  ovary  itselt^     That  suclil 
occasionally  happens  in  the  Human  female,  seems  to  be  unet|iuvocalIy1 
proved  by  the  occiurence  of  tubal  or  even  of  ovarian  fa^tatlon  ;   the  ovum 
having  received  the  fertilizing  induence  immediately  ui>ou   quitting  tJifi 
ovisac^  or  even  before  it  has  entirely  extricated  ilsclf  irom  the  ovarr,  and 
having  Ijeen  in  some  way  checked  in  its  transit  towards  the  uterus,  so  tlwii 
its  development  has  taken -place  in  the  spot  at  which  it  has  been  arrestcnL 
It  is  a^rmed  by  BischoiF  that  by  the  time  Uie  ovum  reaches  the  ut€rui|  i 
or  even  the  lower  end  of  the  Fallopian  tulie,  its  capacity  for  impregnatic 
is  lost ;  but  tliis  assertion  chi eHy  rests  on  the  cessation  of  sexnal  de  * 
*  ^  Dr,  Bid; 'a  "  Supplemeut  to  MiklJ«r  s  rbjaldai^/'  p.  ^1* 
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observed  in  those  animals  in  which,  after  death,  the  ova  were  found  in 
these  situations.  There  is  every  reason  to  believe  that  this  is  not  the  case  in 
the  Human  female ;  for  although  the  sexual  desire  may  be  the  strongest  about 
the  period  of  the  maturation  and  escape  of  the  ova,  yet  it  is  by  no  means 
wanting  at  other  times ;  and  the  occasional  occurrence  of  cases  in  which 
impregnation  has  taken-place  irom  a  single  coitus  in  the  middle  of  the 
interval  between  the  menstrual  periods,  shows  either  that  the  ovum  may 
retain  its  capacity  for  impregnation  for  some  time  afler  its  escape  irom  the 
ovary,  or  that  its  maturation  and  extrusion  are  not  by  any  means  invariably 
coincident  with  the  menstrual  period.* — The  ova,  when  set-free  from  the 
ovaries  by  the  rupture  of  the  ovisacs  and  the  giving- way  of  their  several 
envelopes,  and  surrounded  by  the  cells  of  the  membrana  granulosa,  are 
received  by  the  fimbriated  extremities  of  the  Fallopian  tubes,  which, 
during  the  period  'of  sexual  excitement,  appear  to  be  closely  applied  to  the 
surface  of  the  ovaries.  Their  conveyance  along  the  Fallopian  tubes  is  pro- 
bably due  in  part  to  the  peristaltic  movement  of  their  walls,  and  in  part 
to  the  action  of  the  cilia  which  clothe  their  internal  surface. 

738.  The  object  of  tlie  changes  which  have  been  already  described,  is 
to  bring  the  Oviun  within  the  reach  of  the  fecundating  influence,  and  to 
convey  it  into  the  uterus  after  it  has  been  fertilized :  we  have  now  to 
consider  the  changes  of  the  Ovum  itself,  which  take-place  during  the 
same  epoch. — At  about  the  same  period  that  the  ovum  moves  towards 
the  periphery  of  the  Graafian  follicle,  the  germinal  vesicle  moves  towards 
the  periphery  of  the  yolk  ;  and  it  always  takes-up  its  position  at  the  pre- 
cise point  of  the  zona  pellucida  which  is  nearest  the  ovisac,  and  which  is 
closest,  therefore,  to  the  surface  of  the  ovary.  Moreover,  the  germinal 
spot  is  always  on  that  part  of  the  germinal  vesicle,  which  is  in  closest 
contact  with  the  zona  pellucida.  Thus,  the  germinal  spot  is  very  near 
the  exterior  of  the  ovary  ;  but  it  is  separated  from  the  peritoneal  coat  of 
the  latter,  by  a  thin  layer  of  its  stroma  forming  the  external  wall  of  the 
Graafian  follicle,  by  the  ovisac  forming  its  internal  membrane,  and  by  the 
zona  pellucida.  As  soon  as  these  give- way,  there  is  nothing  to  prevent 
the  spermatozoa  from  coming  into  direct  contact  with  the  ovum,  even 
before  it  quits  the  ovisac.  That  such  contact  is  an  essential  condition  of 
fecundation,  there  is  every  reason  to  believe ;  although,  as  to  the  precise 
manner  in  which  it  operates,  we  are  at  present  in  the  dark.  There  can 
be  no  doubt  that  it  is  in  the  contact  of  the  spermatozoa  with  the  ovum 
(§  722),  and  in  the  changes  which  occur  as  the  immediate  consequence  of 
that  contact,  that  the  act  of  Fecimdation  essentially  consists.  The  most 
recent  observations  of  the  late  Mr.  Newport  upon  the  process  of  impreg- 
nation of  the  Frog  (some  of  which  the  Author,  through  the  kindness  of 
Mr.  N.,  had  the  opportunity  of  verifying)  showed  that  the  spermatozoa 
become  imbedded  in  the  gelatinous  envelope  of  the  ovum,  within  a  few 

*  See  a  case  of  this  kind  recorded  by  Dr.  Oldham  in  the  "  Medical  Gazette,"  July  13, 
1849.— Instances  are  certainly  not  unfrequent,  in  which  conception  has  taken-place  five  or 
six  days  after  the  conclusion  of  the  menstrual  period  ;  the  Author  has  himself  known  one 
in  which  this  occurred,  after  the  menstrual  flow  itself  had  persisted  for  a  week.  It  has 
been  urged  that  the  known  fertility  of  Jewish  females,  who  abstain  from  sexual  inter- 
course for  eight  days,  or  even  thirteen  days,  after  the  termination  of  the  catamenia,  is 
opposed  to  the  idea  that  the  menstrual  period  is  that  of  '  heat  ;*  but  there  is  reason  to 
beUeTe  that  this  is  to  be  accounted-for  in  another  way, — namely,  by  the  usual  oociirrence 
of  conception  from  intercourse  immediately  before  the  access  of  the  catamenia.  (Bee 
Mr.  Qirdwood,  in  the  "Lancet,"  Dec.  14,  1844.) 
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seconds  aAer  they  come  into  contact  with  it;  and  tJmt  thej  then  absolutely 
pass  tJiro^igh  the  TiteDine  membrane,  into  the  interior  of  the  Oirmn,* 
where  they  probably  undergo  a  gradiml  diMnence  ;  and  thus  the  product 
of  the  '  sperm-cell  ^  may  be  absorbed  into  the  *  germ-celJ,*  and  may  inter- 
mingle  with  ita  contents,  the  Spermatozoon  being  nothing  else  than  an 
embodinicnt  of  the  fertilising  material  developed  within  the  sperm-cell^ 
which  la  endowed  with  a  temporary  power  of  movenietit  in  order  that  it 
may  find  its  way  to  the  Ovnm. — In  the  Osseous  Fishes  it  has  been  shown 
by  Dr.  Hansom e  that  the  Spermatozoa  pass- through  a  minute  opening  in 
the  external  membrane  of  the  OTa,  termed  the  micropyle,      A   similar 
opening  has  been  observed  by  Mliller  and  others  in  Insects,  Acepbaloua 
Mollusks,  and  in  several  Echinodermata ;  and  its  use^  as  Dr*  Allen  Thoiti* 
son  has  suggested  J  is  probably  to  tacihtate  the  fecundation  of  ova  possessed 
of  very  tliick  external  coveringal     A  micropy  le  has  not  been  seen  in  any  i 
the  Manmialia^  though  the  i>oint  has  been  closely  investigated  by  Reichert  iQ 
the  Guinea  Pig,     It  has  been  remarked  by  Mr.  Newport,  that  Spermatoa 
whose  Bpontaneoua  motility  has  ceased ,  no  longer  possess  the  fecundati 
power;  and  tliisfact  coneurs  with  other  phenomena  to  indicate, that  it  ia  i 
only  a  certain  materia ly  but  a  vital  force  of  which  that  material  is  (so 
ap^ik)  the  vehicle,  which  is  reqnired  to  effect  this  most  important  operatlooj 
739.  The  precise  share  which  the  Germinal  Vesicle  performs  in  t]i#T 
changaa  whidi  take-pkce  in  the  oirum  aboiit  the  period  of  fecnnilation, 
haa  not  yet  been  satisfactorily  determined.    According  to  Dr*  Barry  (loe, 
eiL),  the  germinal  vesicle  becomes  filled  with  a  new  development  of  c  " 
which  sprout^  as  it  were,  from  its  nucleus  (the  germinal  spot)  ;  and  aJko^ 
fecimdation,  a  pair  of  cells  is  seen  in  the  space  previously  occupied  by  the 
pellucid  centre  of  the  nucleus,  which  is  developed  at  the  expense  of  the 
rest,  and  is  the  trae  foundation  of  the  embryonic  atructure.     This  view 
is  to  a  certain  extent  confirmed  by  the  obaervationa  of  Wagner  on  the  ova 
both  of  Frogs  and  Mammaha,  and  by  thoae  of  Vogt  on  those  of  the  JRnna 
oh^Mricana  ;  both  of  which  lead  to  tlie  belief  that  ancb  a  process  of  cell- 
formation  does  take -place  within  the  germinal  veaicle,  but  that^  insteail 
of  the  furtlier  development  being  canied-on  within  the  germinal  vesicle^l 
as  maintained  by  Dr.  Barry,  this  rupturea  and  aeta-&ee  t£e  cells  tlmt  bai  I 
been  developed  in  its  interior,  which  are  now  diapersed  through  the  yoUc^J 
whoae  ulterior  changes  take-place  under  their  influence.     Mr.  Newpon'tJ 
view  is  nearly  the  same  as  this ;  and  he  states  that,  in  the  Frog,  tblij 
diasolution  of  the  germinal  vesicle  and  diflTusion  of  its  contents  take-pb 
as  a  preparation  for  fecundation,  and  not  in  consequence  of  it.f    That  iJbi 
germinal  vesicle  is  no  longer  to  be  seen  when  the  metamorphose  of  ibol 
yolk  have  commenced,  is  now  universally  admitted ;  but  with  regard  to] 
the  antecedent  proceea  just  described,  there  ia  still  a  want  of  acoordanc»' 
amongst  Embryologista,  its  existence  being  altogether  denied  by  Bischoff, 
who  maintains  that  the  germinal  vesicle  simply  dissolves-away  shortly 

•  "Pbiloi.  Transwji,"  1853,  pp.  266^281.— Prof.  BiB<?hoff,  the  highest  an tliOTiV  ^ 
ihu  xubject,  who  hod  diflpnted  the  v&lidUj  of  all  previoiia  oboemittont  on  th«  p«j»elx^i 
tloa  of  the  Spermatozoa  into  the  interior  of  the  Ottuii,  folly  confirmed  thoK  of  MrA 
Newport ;   whoM  lamented  death  preheated  him  fram  enjojmg  th«  ftatisfaclioii  wbl^] 
th]«  testimony  to  hli  aoeuracf  would  hare  afforded  him. — i^  also   J>r.  Barry,  ia 
<■  Philofl.  Tnuintit/'  1840,  p.  533  ;  and  Br.  R&aii>mep  ia  "  Proo«od.  of  B«j.  Sot. J* 
Nov.  23,  1854. 

t  '^Philot.  Traowcfc,"  lg51,  p.  17S. 
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after  coition.  The  Author  is  strongly  inclined  to  believe,  however,  from 
his  own  observations,  as  well  as  from  a  priori  considerations  based  on  the 
history  of  Vegetable  fertilization,  that  there  is  a  development  of  ceUs 
within  the  germinal  vesicle,  at  the  time  of  its  maturation ;  and  that  it  is 
by  the  influence  of  the  spermatic  Huid  upon  one  of  these  cells,  after  it  has 
been  set-free  in  the  midst  of  the  yolk  by  the  rupture  or  diffluence  of  the 
germinal  vesicle,  that  the  first  cell  of  the  embryonic  &bric  is  generated.* 

740.  Having  thus  noticed  the  principal  points  of  the  history  of  the 
development  and  impregnation  of  the  Ovum,  we  shall  proceed  to  consider 
the  provisions  made  for  the  Nutrition  of  the  Embryo,  through  the  Grene- 
rative  apparatus  of  its  female  Parent,  up  to  the  time  of  parturition ; 
deferring  the  history  of  its  own  Development  for  that  separate  considera- 
tion which  the  importance  of  this  subject  demands  (Sect  4). — ^About  the 
time  that  the  ovum  is  leaving  the  ovary,  the  cells  of  the  proligeruus  disk 
which  immediately  surrounds  the  zona  pellucida  become  club-shaped; 
their  small  ends  being  applied  to  the  surface  of  the  ovum,  so  as  to  give 
it  somewhat  of  a  stellate  appearance.  According  to  Bischoff,  these  cells 
entirely  disappear  from  the  oviun  of  the  Rabbit  as  soon  as  it  has  entered 
the  Fallopian  tube:  whilst  in  the  Bitch  they  become  round,  and  continue 
to  invest  the  ovum  in  this  form  throughout  its  whole  transit  to  the  uterus. 
During  its  passage,  the  ovimi  acquires  a  sort  of  gelatinous  envelope, 
which  is  enclosed  in  a  membrane  of  fibrous  texture,  termed  the  Chorion, 
Thb  envelope  is  probably  of  an  albuminous  nature  in  reality,  correspond- 
ing with  the  *  white'  of  tiie  Bird's  egg ;  whilst  the  fibrous  texture  of  the 
chorion  seems  to  be  produced,  like  tiie  membranous  basis  of  the  ^;g-shell 
of  the  bird,  by  the  exudation  of  fibrin  from  the  lining  membrane  of 
the  Fallopian  tube  or  oviduct.  The  outer  layer  of  this  envelope,  in 
the  egg  of  the  Bird,  is  consolidated  by  the  deposition  of  particles  of 
carbonate  of  lime  in  its  areoIsB ;  and  none  of  it  imdergoes  any  frirther 
organization.  The  Chorion  of  the  Mammal,  on  the  other  hand,  is 
destined  to  undergo  changes  of  a  much  higher  order,  which  adapt  it  for 
participating  to  a  most  important  degree  in  the  nutrition  of  the  included 
embryo.  The  first  of  these  changes  consists  in  the  extension  of  the 
cellular  surface  of  the  membrane  into  a  number  of  villous  prolongations, 
which  give  it  a  spongy  or  shaggy  appearance  (Fig.  163) ;  these  serve  as 
absorbing  radicles,  and  form  the  channel  through  which  the  embryo  is 
nourished  by  the  fluids  of  the  parent,  until  a  more  perfect  commimication 
is  formed  by  the  subsequent  extension  of  vessels  into  them. 

741.  We  have  now  to  speak  of  the  changes  in  the  Uterus  which  take- 
place  in  consequence  of  Conception,  and  which  prepare  it  to  receive  the 
ovmn.  Of  these  the  most  important  is  the  formation  of  the  Membrana 
Deciduaj  so  called  from  its  being  cast-off  at  each  parturition.  This  mem- 
brane has  been  usually  supposed  to  be  a  new  formation ;  and  has  been 
described  as  originating  in  coagulable  lymph,  thrown-out  on  the  inner 
surface  of  the  uterus,  into  which  vessels  are  prolonged  from  the  subjacent 
substance.  It  appears,  however,  from  the  researches  of  Profrs.  Sharpey 
and  Weber,|  that  this  is   not  the  true  account  of  it;    and  that  the 

•  See  Haxley  on  'Development  of  PyroBoma,*  in  "Linn.  Trans.,"  toI.  xxiii.  p.  227; 
and  "Ann.  Nat.  Hist.,"  Ser.  3,  vol.  v.  pp.  29-36. 

t  MUller's  "Elements  of  Physiology,"  pp.  1574-1580.  See  also  the  article  '  Utems 
and  iu  Appendages,*  by  Dr.  A.  Farre,  in  "Cyclop,  of  AnaL  and  Physiology,*'  sopplc- 
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Decidim  vera  is  really  coinposcsd:  of  tli©  inner  portion  of  the  Mueona  laem- 
brane  itself,  wliicli  undergoes  a  coDsidemble  change  in  its  cljanicter.  The 
Uterus  is  lined  hj  columnar  ciliated  epilJielimn,  nrhidi  accordjng  to 
Robin*  is  partly  exchanged  during  the  progre^  of  pregnancj  Ibr  tins 
tesaeiated  variety  and  partly  desquamates;  it  presentealso  on  its  me  wur' 
a  tubulai'  atructure  (Figs.  160,  161) ;  not  very  unlike  that  which 


Fta.  lai. 


Fi|r»  ISO.  Becilon  oftiie  Lininff  IkftrnhfOM  of  a  Human  Vignt*  %i  the  pcrfofl  of  (OiRnii^k^'frij^ 
prc>grnniii!j^  twice  the  natural  tXi^i  ihswinir  the  afnitip^metDt  trnd  uthef  peeiiIlqritJr«  i)C  tUr 
gktidfl,  d,  di  4,  mth  their  orifk»»,  a,  ii,a,  on  tJio  Internal  imrflkoe  of  llie  or^ftuL 

Ftff.  161.  A  portion  of  Fig,  lOt)  idor@  culDrgeii,  ihowlEig  th«r  oonMut^  ifitz«tsiitl»  of  ifa« 
ttitimLlAr  glAodoJiE. 

been  described  as  existing  in  the  lining  membrane  of  the  stomach  f§  1^1  )* 
This  tabular  portion  becomes  thickened  and  increased  in  im 
witliin  a  short  time  after  conception;  and  wheo  the  inner  ^i: 
new  I J -impregnated  Uterus  is  examined  with  a  low  nmgnilyiiig  |*uw< 
the  orifices  of  its  tubes  are  very  distinctly  seen,  being  lined  with  a  whi^ 
epithelium.  The  blood-vessels  form  a  very  nnnnte  network*  vrhid) 
extends  in  loops  from  the  subjacent  portion  of  the  menjbrane^  Accord- 
ing to  the  observations  of  Prof,  Goodsirf  B^ml  Schroeder  v,  der  Kalkt  tHe 
interfollicular  spaces  are  crowded  witli  tat  niolecideti  arjd  tnicleate<l  pur* 
tides ;  and  it  is  to  the  development  of  tliis  interfolliciilar  suhstaucai,  aa 

mentary  vokme,  p.  655  ;  and  tlie  Lectiirejs  of  Br.  Prkatley  'On  tbe  ^mvitl  Utcm^'  in 
the  *'  Mtd.  Times  and  GaEctte,"  1858,  voL  ii*  _ 

*  Broirii'Sfqaard^a  **Jaurnftl  do  la  Physiologici"  T6l»  i.  1358|  p*  fiO. 

t  **  Anatomical  aad  Phjeiulaficol  ObaerTaliuQi^r'*  chap.  tx. 
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well  as  to  the  enlargement  of  the  follicles  themselves,  and  the  copious 
development  of  epithelial  cells  in  their  interior,  that  the  mucous  mem- 
brane in  this  condition  owes  its  increased  thickness.  This  increased 
development  appears  to  have  reference  in  part  to  the  temporary  nutrition 
of  the  Ovum,  and  in  part  to  the  further  evolution  of  the  decidual  sub- 
stance itself  in  the  formation  of  the  Placenta.  The  cavity  of  the  Uterus 
shortly  becomes  filled  with  a  fluid,  evidently  poured-out  firom  the  fol- 
licles in  its  walls,  and  containing  a  large  number  of  nucleated  cells ;  and 
in  this  the  villi  of  the  chorion  imbed  themselves,  obviously  for  the  pur- 
pose of  deriving  firom  it  the  materials  required  for  the  development  of  the 
embryonic  structures.  These  villi  are  easily  traced  in  the  Bitch  (as 
Dr.  Sharpey  first  pointed -out)  into  the  mouths  of  the  uterine  glanduLsB, 
some  of  which  are  composite  in  their  structure,  a  single  outlet  being 
common  to  a  number  of  follicles ;  but  they  have  not  yet  been  so  traced 
in  the  Himian  subject. 

742.  The  Deciduous  membrane  is  found  at  a  later  period  to  consist 
of  two  layers :  the  Decidua  vera  lining  the  uterus,  and  the  Decidua 
reflexa  covering  the  exterior  of  the  ovum.  Regarding  the  origin  of  this 
second  layer,  tibere  has  been  a  good  deal  of  difference  of  opinion.  The 
doctrine  first  propoimded  by  Dr.  W.  Hunter,  which  is  indicated  by  the 
name  he  bestowed  upon  the  membrane,  was  that  the  *  decidua  reflexa'  is 
a  portion  of  the  true  decidua,  which  has  been  pushed  before  the  ovum  at 
its  entrance  into  the  uterus ;  it  being  supposed  that  the  true  decidua 
forms  a  completely  closed  sac  (like  that  of  a  serous  membrane),  against 
the  outside  of  which  the  ovimi  is  applied,  so  that  it  comes  to  be  in- 
vested by  a  double  layer  of  it,  as  the  heart  is  by  the  pericardium,  or  the 
lungs  by  the  pleura.  But  this  view  is  negatived  by  a  nimiber  of  consi- 
derations. For,  in  the  first  place,  the  original  decidua  does  not  form  the 
closed  sac  which  this  supposition  involves,  but  extends  (like  the  mucous 
membrane  of  which  it  is  a  metamorphosed  form)  into  the  Fallopian 
tubes ;  and  the  ovum,  at  its  entrance  into  the  uterus,  really  lies  upon  its 
internal  surface.  But  again,  the  texture  of  the  two  layers  is  very  dif- 
ferent ;  for,  as  was  first  pointed-out  by  Prof.  Goodsir  (loc.  cit.),  the  de- 
cidua reflexa  is  almost  entirely  composed  of  cells,  exhibiting  few  or  none 
of  the  orifices  of  the  glandular  follicles  which  are  characteristic  of  the 
decidua  vera,  except  near  the 

part  where  the  two  layers  are  Fio.  162, 

continuous.  Ramifying  on  its 
surface  are  numerous  flat  ves- 
sels, described  by  Dr.  A.  Farre 
as  venous  channels,  which  with 
their  minute  subdivisions  give 
a  pink  tinge  to  the  whole  surface. 
According  to  the  observations  of 
M.  Coste  and  Dr.  Arthur  Farre, 
however,  there  is  a  considerable     „.  .  .^    ,      .,      *.^    «  .. 

VI  1     .  xi.      X  Fu^t  stage  of  the  formation  of  the  Dee%dna  rffleta 

resemblance  between  the  two  ^  around  the  ovum. 

layers  at  an  early  period  ;  and 

they  consider  the  following  to  be  the  mode  in  which  the  second  investment 
is  formed :  — ^When  the  ovum  enters  the  uterus,  it  becomes  partially  imbedded 
in  the  substance  of  the  decidua,  which  is  as  yet  quite  sofl(Fig.  162);  and  this, 
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receiving  an  increased  nutrition  at  tLe  part  with  whicb  the  ovum  comos 
into  contact*  grows-up  aroimd  itj  very  much  filter  the  manner  in  which 

tlie  ikshj   granulatioiis    grow 
Fi<».  163,  up  around  the  pea  imbedded  in 

a  cau^c  i^ue.  Tliis  exten^on 
of  the  decidual  substance  con- 
tinues (Fig,  163),  until  it  has 
completely  enveloped  the  ovmn; 
and  it  is  thus,  according  to 
them,  that  the  deddua  refiexa 
ia  formed,  in  continuity  witJi  %h% 
decidua  vera.*  Aa  the  ovum 
increases  in  size^  the  cavity 
between  the  decidua  vera  und 
the  decidua  reflexa,  or,  as  it  is 
sometimea  termed,  the  ut^^rine 
chamber^  graduaUy  diminjHhe&,  and  by  the  end  of  the  tlurd  month  either 
the  two  layers  come  into  contact  and  are  henceforth  indLstmgxusiiAble — 
the  whole  carity  of  ttie  uterus  being  occupied  by  the  foetal  chamber — or» 
aa  Dr*  Parre  suggests,  the  decidua  reflexa  may,  after  first  becoming  ex- 
tremely attenuated^  ultimately  entirely  vanish. 

743.  The  aurfuue  of  the  Ovrimj  thus  Bxurrounded  by  the  doable  layer 

of  the   deciduous  membraae,   snd 
Fia.  1€4.  during  th|  first  three  or  lour  weeks 

lying  looS  in  the  fcetal  chambert  is 
rendered  shaggy  by  the  growth  of 
villous  tufte  fnam  die  surface  of  its 
investing  Chorion  (Fig.  1^4),  by 
which  it  begins  to  be  attskcbed  to  the 
walls  that  surround  it.  Each  of 
the.se  trufis,  as  was  first  point^KKont 
by  Prof,  Goodflir  (loc.  eit.),  is  com- 
posed of  an  assembls^  of  nuck^iitctl 
cells,  which  are  fotmd  in  various 
stages  of  development ;  and  these  aitk 
always  enclosed  within  a  hiyer  of 
basement-membranef  which  eeems 
to  be  it:self  composed  of  flattened 
cells  imit-ed  by  their  edges.  At  the 
free  extremity  of  eadi  viUim  is  m 
btilbeus  e^qmnaion,  the  cells  com- 
posing  which  are  arranged  rouisd 
a  central  spot;  and  it  is  nt  this 
point  that  the  most  active  pro- 
casses  of  growth  ttike-p)aoe,the  Tilltis 
elongating  by  the  development  of  new  cells  from  its  germinal  spoif  and 

*  HiU  doetnoe  w»»  €nt  aanon&e^  by  M.  Cofit«,  id  a  commtmic&tlcm  to  the  fWiMli 
Acftjclemj  of  Bdencen,  od  the  h&am  of  observatioDs  on  tvo  0i^  ■!  the  2f>tli  mkI  SM 
dajs  of  genULttOD.  (Boo  *'Comptes  Re&dtiB,"*  Mai  34,  1347,)  It  seemi  to  be  that  wbit 
ia  altogether  nit:)<)t  l£i  barmoDy  with  observed  fad«  ;  and  especially  with  thoie  aotjettl  I 
ProfeBAprft  Shurftey  and  W«b«r. — See^  nlm,  the  Memuir  nf  M.  Robln^  on  iIiq  Ifn 
Membrime  of  the  Utfirua,  ia  tbe  "  ArcUiv,  0£ti.  dt  M^d,,**  le  Sir.,  tom.  ktU.  itrilL 


EtiUi-f!'  JFumuH  Ovum  ofStb  week«  tlxteen  linei 
In  leDKth  (not  rcckooLog  the  fmfis) ;  tbetarfkft 
of  the  Chorioii  partly  Bmootb,  imii  pnrtlj  ron- 
ikred  skqggy  hj  Iho  gtowih  of  tuny. 
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Portion  of  the  nitiroate  ramifleationB  of  the  Umbilloal 
▼esaels,  forming  tho  Foetal  Villi  <iftha  Flaeenia, 

FlO.  166. 


(like  the  spongiole  of  the  plant)  drawing-in  nutriment  &om  the  soil  in 
which  it  is  imbedded. — In  its  earliest  grade  of  development,  the  chorion 
and  its  villi  contain  no  vessels ;  and  the  fluid  drawn-in  by  the  tufts  is 
communicated  to  the  embryo  by  the  absorbing  powers  of  the  germinal 
membrane  of  the  latter.  But  when  the  tufls  are  penetrated  by  blood- 
vessels, and  their  communication  with  the  embryo  becomes  more  direct, 
the  means  by  which  they  communicate  with  the  parent  are  found  to  be 
still    essentially   the  same; 

namely,  a   double   layer   of  Pio.  166. 

nucleated  cells,  one  layer  be- 
longing to  the  fcetal  tuft,  and 
the  other  to  the  vascular 
maternal  surface.  It  is  from 
these  elements  that  the  Pla- 
centa is  formed. 

744.  The  first  stage  in 
this  process  consists  in  the  ex- 
tension of  the  Foetal  vessels 
into  the  villi  of  the  Chorion 
over  its  entire  sur&ce,  in 
the  manner  hereafter  to 
be  detailed ;  so  that  the 
nutriment  which  these  villi 
imbibe,  instead  of  being 
merely  added  to  the  albu- 
minous fluid  surroimding  the 
yolk-bag,  is  now  conveyed 
directly  to  the  embryo.  This 
— the  earliest  and  simplest 
mode  by  which  the  Foetus 
efEects  a  new  connection  with 
the  parent — is  the  only  one 
in  which  it  ever  takes-place 
in  the  lower  Mammalia, 
which  are  hence  properly 
designated  as  *  non-placental,' 
rather  than  as  ovo- viviparous. 
In  the  higher  Mammalia, 
however,  there  soon  occurs  a 
great  extension  of  the  vas- 
cular tufts  of  the  foetal  cho- 
rion, at  certain  points ;  and 
a  corresponding  adaptation, 
on  the  part  of  the  uterine 
structure,  to  afford  them  an 
increased  supply  of  nutritious 
fluid.  These  specially  pro- 
longed portions  are  scattered, 
in  the  Ruminantia  and  some 
other  Mammalia,  over  the  whole  sur&ce  of  the  chorion,  forming 
what  are  termed  the  'cotyledons;*  but  in  the  higher  orders,  and  in 

8d2 


Portion  of  one  of  the  Fatal  VilU,  nboat  to  form  put 
of  the  Placenta,  highW  magnified:— o,  a,  its  eellolar  cover- 
ing ;  6, 6,  6,  Its  looped  venels ;  e,  e,  its  bads  of  oonnectiTO 
tiisne. 
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Mati^  they  are  coaceii tinted  in  one  spot,  forming  the  Placenta.  In 
some  of  the  lower  tribes  the  matenud  and  the  tcEtal  portions  of  the 
placenta  may  be  veiy  easily  separated;  the  former  consisting  of  the 
thickened  Decidua,  and  the  latter  being  composed  of  the  prolonged  and 
ramifying  mujKular  tnfts  of  the  Chorion^  dipping-down  into  it.  But  in 
the  Human  placenta,  the  two  elements  are  mingled  together  through  its 
whole  substance. — On  looking  at  the  ftutal  surface  of  the  Human  placenta, 
we  perceive  that  the  umbilical  veaaela  diverge  in  every  direction  from  the 
point  ftt  which  diey  enter  it ;  and  their  subdivisions  form  a  Luge  ma^  of 
capiEariea,  arranged  in  a  peculiar  mimner  (Figa.  165,  166),  and  consti- 
tuting what  are  known  as  the  ftEtal  villL  Each  villus  oontaina  one*or 
more  capillary  loops,  communicating  with  an  artery  on  one  aide,  and  witli 
a  vein  on  the  other ;  but  the  same  capillary  may  pa^  into  leveral  villi, 
before  re-entering  a  larger  vessel.  The  eapiIJarles  of  the  villi  are  covered, 
aa  in  the  chorion,  by  a  layer  of  cells  (Fig.  166,  a,  a,  Fig.  167,/),  inclosed 

in  basement-membrane  (e);  but  the 
feetal  tuft  thus  formed  is  inclosed  in  a 
second  series  of  envelopes  (Fig,  lt)7,  a, 
b,  c),  derived  ftom  the  matemal  portion 
of  ihe  placenta, — a  space  (rf)  being  left, 
however,  between  the  two,  at  the  extre- 
mity of  the  tuft. 

745.  Wlailst  ^BfcBtal  portion  of  the 
Placenta  is  thus  being  generated  by  the 
extensiou  of  the  vascukr  tufU  of  the 
Chorion,  the  matemal  portion  is  formed 
by  the  enlargement  of  the  veaatb  of  the 
Decidua,  between  which  they  dip-down, 
"  These  vessels  assume  the  character  of 
sinuses ;  and  at  ]ast  ewe  11 -out  (so  to 
apeak)  around  and  between  the  viHi ;  so 
that  finally  the  villi  are  completely  bound* 
up  or  covered  by  the  membrane  which 
constitutes  the  walls  of  the  veasek,  this 
membrane  following  the  contour  of  all  the  villi,  and  even  paaaing  to  n 
certain  extent  over  the  branches  and  stems  of  the  tuils.  Between  this 
membrane,  or  wall  of  the  enlarged  decidual  vessels,  and  the  internal  m«ni- 
brane  of  the  villi,  there  still  remains  a  layer  of  the  ceUs  of  the  decidua.*'* 
In  this  manner  is  formed  the  materjial  portion  of  the  placenta,  which 
may  be  regarded  in  its  adult  state  (as  was  well  pointed-out  by  Dr.  J. 
Reidf )  in  the  light  of  a  large  sac  formed  by  a  prolongation  of  the  inner 
ooat  of  the  uterine  vessels;  against  the  fcetal  surfiw^  of  which  sac 
the  tufts  just  described  may  be  said  to  push  themselves,  so  is  ta 
dip-down  into  itj  carrying  before  them  a  portion  of  its  thin  waU, 
which  constitutes  a  sheath  to  eacli  tuil.  Now  as  ©very  eit^eammk 
of  the  uterine  vessels  carries  the  decidua  before  it,  every  on#  of  th# 
vascular  tufts  that  dips-down  into  it  will  be  covered  with  a  kjer  of  tho 
cellular  structure  of  the  latter ;  and  the  fcetal  portion  of  mm  toft  wiU 

•  Prof,  Qoodair^a  "  AnAtomical  mad  Pathological  Obairvations,**  p,  60* 
t^Bdinb.  Med*  mud  Surg.  Jciurn./*  Jan.  1811  ;  and  '*Au«t»,  Pbyi.,  and  Pttliid. 
B«Beftrtabe</'  ehap.  nil. 
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Latcmal  tnttntjfiiiie  of  llie  vUttis,  cttntitia- 
imi  with  the  eiternal  membrano  of  thfl 
chorion  i/,  the  int^mnl  ceU*  of  the  irilltij. 
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thus  be  inclosed  in  a  layer  of  maternal  cells  and  basement-membrane 
(Fig.  167,  a,  b,  c).  Dr.  A.  Farre  is,  however,  of  opinion  that  the  maternal 
vascular  walls  are  not  continued  into  the  sinuses  of  the  placenta.  He 
believes  the  blood  in  the  interior  of  the  placenta  to  be  as  much  external  to 
the  maternal  vascular  system  as  it  is  while  passing  through  a  quill  inserted 
between  the  divided  ends  of  a  vein  in  the  living  animal.*  However  this 
may  be,  the  whole  interior  of  the  Placental  cavity  becomes  (Fig.  168) 

Pio.  168. 


Section  of  a  portion  of  a  ftilly-formed  Plaemiia,  with  the  Murt  of  the  Uterni  to  which  it 
U  attached: — a,  nmbilical  oord:  b,  b,  section  of  nteras,  showing  the  Tenons  sinoses;  c,  c,  e, 
branches  of  the  nmbilkMd  Tessels ;  d,  d,  curling  arteries  of  the  nterus. 

intersected  by  numerous  tuils  of  fostal  vessels  disposed  in  fringes,  and 
bound-down  by  reflexions  of  the  delicate  membrane  that  forms  its  proper 

Fio.  169. 


Diagram  of  the  structure  of  the  PJoomfo.— showing,  a.  the  substance  of  the  utema ;  6.  tba 
cavity  of  a  sinus;  e,  cnrlinff  arteries;  d,  d,  the  decidual  lining  of  the  uterus;  t,  t,  the  natal 
tufts  dippingsiown  into  this. 

wall ;  just  as  the  intestines  are  held  in  their  places  by  the  reflexions  of 

*  Loc  cit.  p.  722. 
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tjie  peTitoneura  t!mt  covers  them.  This  view  was  sc]gg€s&&d  to  Dr*  R^id 
by  the  very  mteresting  iiicfc,  that  tlie  tufte  of  foetal  vessels  not  unfiiequently 
extend  iieyond  the  uterine  suriaee  of  the  pla«^eRta,  nud  dip-down  int^  tlie 
uterine  smuaea  (Fig*  169) ;  where  tliey  are  still  covered  and  held  m  their 
placea  by  reflesdons  of  the  same  membrane.  All  the  hands  wbieh  C4jnD^?tt 
and  tie-down  the  tufts  are  ibrmed  of  the  eame  elements  as  the  envelopes 
of  the  tufta  themselvea ;  namelyj  a  fold  of  tlie  lining  membrane  of  the 
decidual  dnufles,  and  a  layer  of  the  cellulur  decidna. 

746,  The  Maternal  blood  is  conveyed  into  die  Placental  cavity  bj  the 
*  eiuriing  arteries*  of  the  uterus  (Fig,  168,  f^,  Fig,  169,  c) ;  and  is  received- 
back  from  it  into  tlie  large  veins  that  are  commonly  designated  a^  sin  uses 
(Fjgg.  168,  169,  b,  i).  The  fa^tal  vessels  (Fig.  168,  c,  c,  Fig.  169,  <?,  e) 
being  bathed  in  this  blood,  as  the  branchiae  of  aquatic  animals  are  in  the 
water  that  surronnds  them,  not  only  enable  the  lo^tal  blood  to  exicbange 
its  venous  character  for  the  arierialj  by  i>arting  with  its  carbonic  aeid  to 
the  maternal  blood,  and  receiving  oxygen  from  it ;  but  they  alao 
as  rootlets,  bj  which  certain  nutritious  elements  of  the  matera^  bl< 
(probably  those  oomposiug  the  liquor  saaguims)  are  taken  into  the  gnf'steto.j 
of  the  foetus*  In  ttiis,  tliey  closely  correspond  widi  the  villi  of  the  intes- 
tinal canal ;  and  there  is  this  fiu-ther  very  striking  analogy, — ^tbat  the 
nutrient  material  is  selected  and  prepared  by  two  sets  of  cells,  one 
which  (the  maternal)  transmits  it  to  the  other  (the  foetal),  in  the  sani^ 
manner  as  the  epithelial  ccOs  of  the  intestinal  vUli  seem  to  take-up 
prepare  the  nutrient  matter,  wliich  is  destined  to  be  still  furtber  asslnii- 
lated  by  the  cells  that  float  in  the  circuktiHg  current  (§  107).  It  is 
probable,  too,  that  tiie  Placenta  is  to  be  regarded  as  an  excreting  organ  | 
serving  for  the  removal^  through  the  maternal  blood,  of  excremeiititii 
matter  whose  continued  circulation  through  the  blood  of  the  foetiia  wi 
be  prejudicial  to  the  latter.  And  it  will  be  in  this  mode  that  the 
of  the  motlier  may  become  impregnated  witii  substances,  or  imi 
with  attributes,  originaDy  belonging  to  the  male  parent ;  so  as  to  im[ 
these  to  the  products  of  subsequent  conceptions  by  a  different  fiilh* 
(5  759).*  There  is  no  more  direct  communication  between  the  niolh^ 
and  f(Etu3  than  that  which  is  afForded  bj  this  immersion  of  the  to^tal 
in  the  maternal  blood  j  aU  the  observations  which  have  been  siapp*55 
to  prove  the  existence  of  real  vascular  continuity,  having  been  falaiii*fi 
by  the  extravasation  of  fluid,  probably  consequent  upon  the  force  used  In 
injecting  the  vessels.  Moreovei\  the  different  size  of  the  blood-corpuficles 
in  the  fcettis  and  in  the  parent  {§  156)  shows  the  non-axistence  of  any 
such  commmiieation, 

747.  The  formation  of  the  Placenta,  in  the  manner  just  deseribed^ 
coram  en  cea  in  the   latter  part  of  the  second  month ;  during  the 
the  organ  acquires  its  proper  character;  and   it  subsetjuently  gotti-i 
increasing,  in  accordance  with  the  growth  of  the  Ovum,     Towmfda 
end  of  the  term  of  gestation,  howe^^er,  it  becomes  more  dense  And  1i 
vascular ;  owing,  it  would  seem,   to  tlie  obliteration  of  several  of 
minuter  vesselsj  which  are  converted  into  hiird  fibrous  fUametitsi* 


talXgM 


^8ee, 


,  for  vftricpua  prwifi  that  tlie  mother  mtkf  he  poUmad  thrttugli  lli«  |^rtteti«e  of 
ftoiioua  ijubfttancea  in  llie  blootl  ^f  thcs  ft^tas,  the  Kasnj  bj  Mr,  Sawy,  eatiiled  •*  Am 
Experimental   Inquiry  into  the  Efl^ecl    upon   the   Alolber  of   fotsoaiog   tti«  PiBtiii,*' 
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yessels  of  the  Uterua  undergo  great  enlargement  throughout,  but  espe- 
cially at  the  part  to  which  the  placenta  is  attached ;  and  the  blood  in 
moving  through  them  produces  a  peculiar  murmur,  which  is  usually 
distinctly  audible  at  an  early  period  of  pregnancy,  and  may  be  regarded 
(when  due  care  is  taken  to  avoid  sources  of  &llacy),  as  one  of  its  most 
imequivocal  positive  signs.  The  *  placental  bruit'  is  thus  described  by 
Dr.  Montgomery  :* — "  The  characters  of  this  phenomenon  are,  a  low 
murmuring  or  somewhat  cooing  sound,  resembling  that  made  by  blowing 
gently  over  the  lip  of  a  wide-mouthed  phial,  and  accompanied  by  a 
slight  rushing  noise,  but  without  any  sensation  of  impulse.  The  soimd 
is,  in  its  return,  exactly  synchronous  with  the  pulse  of  the  mother  at  the 
time  of  examination ;  and  varies  in  the  frequency  of  its  repetitions,  with 
any  accidental  variation  which  may  occur  in  ihe  maternal  circulation. 
Its  situation  does  not  vary  during  the  coiu*se  of  the  same  pregnancy ;  but 
in  whatever  region  of  the  uterus  it  is  first  heard,  it  will  in  future  be  found, 
if  recognized  at  all, — ^for  it  is  liable  to  intermissions, — at  least,  we  shall 
occasionally  be  imable  to  hear  it  where  we  have  already  heard  it  a  short 
time  before,  and  where  we  shall  shortly  again  recognize  it.  According  to 
my  experience,  it  will  be  most  frequently  heard  about  the  situation  of  the 
Fallopian  tube  of  the  right  side ;  but  it  may  be  detected  in  any  of  the 
lateral  or  anterior  parts  of  the  uterus."  That  the  cause  of  this  sound 
exists  in  the  Uterus  itself,  is  distinctly  proved  by  the  &ct,  that  it  has  been 
heard  when  that  organ  was  so  completely  anteverted,  that  the  fundus 
himg-down  between  the  patient's  thighs.  A  sound  so  much  resembling 
this  as  to  be  scarcely  distinguishable  from  it,  may  be  occasioned,  however, 
by  a  cause  of  a  very  different  nature, — ^namely,  an  abdominal  tumour, 
pressing  upon  the  aorta,  iliac  arteries,  or  enlarged  vessels  of  its  own ;  and, 
in  doubtfld  cases,  it  is  necessary  to  give  full  weight  to  the  possibility  of 
such  an  explanation.  The  soimd  may  be  imitated  at  any  time,  by  pressing 
the  stethoscope  on  the  iliac  arteries.  The  placental  bruit  has  been  not 
imfrequently  heard  in  the  eleventh  week ;  but  it  cannot  generally  be  detected 
before  the  fourth  month,  when  the  fundus  uteri  rises  above  the  anterior 
wall  of  the  pelvis. 

748.  The  increase  in  the  size  of  the  Uterus,  which  takes-place  pari 
passu  with  the  enlargement  of  the  ovum,  is  accompanied  with  a  remark- 
able augmentation  in  the  amoimt  of  its  substance.  Up  to  about  the  fiflh 
or  sixth  month,  not  only  its  cavity,  but  the  thickness  of  its  walls,  is  pro- 
gressively added-to;  from  tliat  time  to  the  end  of  gestation,  the  thickness 
of  the  walls  diminishes  whilst  the  cavity  increases,  but  not  in  an  equal 
proportion ;  and  at  the  conclusion  of  parturition,  its  solid  bulk  is  estimated 
at  about  twenty-four  times  that  of  the  unimpregnated  Uterus.  The 
augmented  volume  of  the  organ  is  chiefly  due  to  die  increased  develop- 
ment of  its  Muscular  coat,  which  is  composed  of  the  fusiform  cells  with 
staff-shaped  nuclei,  that  make-up  the  *  non-striated'  muscular  fibre  else- 
where. According  to  Prof  Kolliker,  a  vast  amoimt  of  new  fibres  are 
generated  during  the  early  months  of  pregnancy ;  but  there  is  at  the 
same  time  an  extraordinary  increase  in  the  size  of  those  previously  formed, 
their  length  being  multiplied  from  seven  to  eleven  times,  and  their  width 
frt>m  twice  to  five  times.  Afler  the  sixth  month  the  origination  of  new 
muscular  fibres  seems  to  cease,  but  the  augmentation  in  tibe  size  of  those 
♦  "  SigDB  of  Pwgnanoy,"  p.  121. 
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already  generated  seema  to  oontanuei    The  connectiTe  t^ssua  whk^  cmltoi 
tlie  muscular  Bihres  ako  increaiees  during  pregoanG^,  and  beoomM  moro  ^ 
dindnctly  £biti\is.*     It  bas  hesn.  affirmed  that  the  Nerrous  substatioe  of 
the  Uterua  also  undergoes  a  great  augmentation  during  pr^imocy ;  but 
of  this  no  sufficient  evidence  has  yet  been  aiMuced^    Simultaneously  with  \ 
the  enlargement  of  the  uterus,  the  Mammary  Gland  and  ita  sLppendages 
imdergo  a  fuller  development;  and  from  this  a  valuable,  but  aot  tmeqiu- 
voeal,  indicELtioii  of  pregnaiicy  may  be  drawn  >     Occastanal  shootiskg  palna 
in  Uie  JMamnife  are  not  unirequeDtly  experionoed  within  a  ^hort  period 
aiter  <3onceptioQ ;  and  more  continued  tenderuess  is  also  not  unUBiiaL     A 
sense  of  distension  is  very  eommonly  experienced  at  about  the  end  of  the 
sacond  month ;  and  from  that  tiaie  a  diitmct  ^  knottiiiesi'  ustially  begins 
to  present  itself,   iu creasing  with  the  advance  of  pregnancy.     In  many 
instances,  however,  tliese  mammary  sympathies  are  entirely  absent ;  and  , 
they  may  be  emulated   by  changes  that  take-place  in  consequence  of  j 
various  affectionfl  of  tJie  uterus,     A  change  of  colour  in  the  areola  is  a 
very  common,  but  not  an  invariable,  occurrence  in  the  early  months  of 
pregnancy ;  but  anotlier  sign  is  afforded  by  the  areola  and  nipple,  which 
is  of  more  value  because  more  constant, — namely,  a  puffy  turgeKsencse, 
and  an  increased  development  of  the  little  glaridular  follicles,  or  tuberclesi 
which  commonly  secrete  a  dewy  moisture. — Many  other  changes  in  the 
constitution  oecnr  during  pregnancy;  indicated  by  the  buffinesa  of  the 
blood  I  the  irritabiUty  of  the  stomach,  and  the  increaded  excitabiU^  of  j 
the  mind.    All  these,  however,  are  discussed  with  suJ^cient  ampHScatian, 
Ln  works  on  Obstetric  Medicine. 

749,  The  act  of  Conception,  being  one  of  a  purely  organic  nature,  is 
not  itself  productive  of  any  sensation  on  the  part  of  the  mother  ;  but 
there  are  some  women  in  whom  it  is  attended  with  certain  sytnpatlietic 
aifections,  such  as  falntncss,  vertigo,  &c.,  that  enable  them  to  fik  upon 
die  particular  time  at  which  it  has  taken  place.     From  that  period,  how- 
ever, tlie  mother  has  no  direct  consciousness  of  the  change  goiDg^on  izt 
the  uterus  (save  by  the  effects  of  its  increasing  pressure  on  other  parta), 
until  the  occurrence  of  what  is  termed  *  quickening.'     This  is  genemlly 
described  as  a  kind  of  flutter ing  movement^  attended  with  some  dcgroe  ' 
of  syncope  or  vertigo.     After  it  has  once  occurred^  and  has  stzongly  ex- 
cited attention,  it  is  occasionally  renewed  once  or  twice,  and  then  gives' 
place  to  the  ordinary  movements  of  tJie  foetus,     Kot  unJrequentlyi  bow- 
ever,  no  movement  whatever  is  felt,  until  near  the  end  of  the  tenn  of  j 
g^tation,  or  even  through  tlie  whole  of  it.      As  to  the  cause  of  tlie  mq- 
eatioD^  Obstetriciaos  are  much  divided  *  and  no  satisfactory  account  bad 
been  given  of  it.     It  has  been  vulgarly  supposed  to  be  due  to  the  furst 
movement  of  the  fcEtua,  which  was  imagined  then  to  become  pooacaeod  of  ' 
an  independent  life ;  and  the  English  law  recognizes  t^e  tnitJi  of  llllt 
doctrine,  in  varying  tlie  punishment  of  an  attempt  to  procure  Aborticaii 
according  to  whether  tlie  woman  be  *  quick  witli  child'  or  not;  and  lo 
delaying  execution  when  a  woman  can  be  proved  to  be  so,  though  ItiM^ 
made  to  proceed  if  she  is  not,  even  if  she  be  nnquestionably  pvigiiaiiL  I 
Whether  or  not  the  first  sensible  motions  of  the  fcetus  are  the  causa  of  tho  i 
peculiar  feeling  in  question,  there  can  be  no  doubt  that  the  embryo  h 

*  S«e  EdUiktt^ft  f*  Manual  of  Hiuaoa  BkUthgf'  (Bfdttih^m  Socieiy't  fid.),  toL  IL 
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as  much  independent  vitality  before,  as  afler,  <ihe  quickening.  From 
the  time  that  the  ovum  quits  the  ovary,  it  ceases  to  be  a  part  of  the 
parent,  and  is  dependent  on  it  only  for  a  due  supply  of  nourishment, 
which  it  converts  by  its  own  inherent  powers,  into  its  proper  fiibrio. 
But  this  dependence  cannot  be  said  to  cease  at  the  moment  of  quick* 
ening;  for  the  connection  must  be  prolonged  during  several  weeks, 
before  the  fcetus  becomes  capable  of  sustaining  life  without  such  assist- 
ance. The  earliest  period  at  which  this  may  occur,  will  be  presently 
considered  (§  754). 

750.  At  the  conclusion  of  about  forty  weeks,  or  (less  correctly)  nine 
solar  months,*  from  the  period  of  conception,  the  time  of  Parturition 
arrives.  In  this  act,  the  muscular  walls  of  the  Uterus  are  primarily 
concerned ;  for  a  kind  of  peristaltic  contraction  takes-place  in  them,  the 
tendency  of  which  is  to  press  the  contents  of  the  cavity  from  the  fundus 
towards  the  os  uteri,  and  finally  to  expel  them ;  and  this  contraction  is 
alone  sufficient  to  empty  the  .uterus,  when  no  impediment  is  presented  to 
the  exit  of  the  foetus,  as  we  see  in  the  occasional  occurrence  of  post- 
mortein  parturition.  It  is,  in  &ct,  in  the  contraction  of  the  fibres  of  the 
fundus  and  body  of  the  uterus,  and  in  a  relaxation  of  those  about  the 
cervix  (which  relaxation  is  something  qtiite  difierent  from  a  mere  yield- 
ing to  pressure,  and  is  obviously  a  vital  phenomenon  that  marks  a  pecu- 
liarity in  the  actions  of  this  part),  that  the  first  stage  of  an  ordinary 
labour  essentially  consists.  |  There  is  no  proof  whatever  that  these 
changes  are  dependent  upon  nervous  influence ;  in  fiict,  there  is  much 
evidence  that  the  parturient  action  of  the  uterus  is  not  the  result  (aa 
some  have  maintained  it  to  be)  of  a  '  reflex*  action  of  the  Spinal  Cord, 
but  is  due  to  its  inherent  contractility;  for  niunerous  instances  have 
occurred  in  which  normal  parturition  has  taken-place,  notwithstanding 
the  destruction  of  the  lower  part  of  the  Cord,  or  the  existence  of  a  state 
of  complete  paraplegia  which  marked  its  functional  inactivity ;  and  the 
continuance  of  the  peristaltic  action  for  some  time  afler  somatic  death, 
when  neither  the  Cerebro-spinal  nor  the  Sympathetic  eystem  can  afibrd 
any  supply  of  nervous  power,  is  a  yet  more  satis&ctory  proof  of  the 
same  position. — Nevertheless,  it  seems  quite  certain  that  muscular  con- 
tractions of  the  Uterus  may  he  induced  by  reflex  action ;  for  in  no  other 
way  can  we  account  for  numerous  phenomena,  which  distinctly  mark 
the  operation  of  remote  causes  acting  through  the  nervous  system ;  such 
as  the  induction  of  uterine  contractions  by  the  dash  of  cold  water  on  the 
abdominal  surface,  by  the  injection  of  cold  water  into  the  vagina,  by  the 
ingestion  of  cold  water  into  the  stomach,  or  even  by  dipping  the  hands 

*  AlthoDgb  '  nine  months*  is  usually  spoken-of  as  the  term  of  Gestation,  yet  the  real 
term  of  forty  weeks  exceeds  this  by  from  five  to  seven  days,  according  to  the  months 
included.  The  mode  of  reckoning  customary  among  women,  is  to  date  from  the  middle 
of  the  month  after  the  last  appearance  of  the  Catamenia  ;  but  it  is  certain  that  Coneep- 
tion  is  much  more  likely  to  taJLe-place  soon  after  they  have  ceased  to  flow,  or  eren  just 
before  their  access,  than  in  the  intervening  period  (§  731) ;  so  that,  in  most  instancen^ 
it  would  be  most  correct  to  expect  labour  at  forty  weeks  and  a  few  days  after  the  last 
recurrence  of  the  Menses. — The  period  of  Quickening  may  be  relied-on  in  some  women, 
in  whom  it  occurs  with  great  regularity  in  a  certain  week  of  pregnancy ;  but  in  genanl 
there  is  great  latitude  as  to  the  time  of  its  occurrence.  The  usual  or  average  time  leenui 
to  be  about  the  18th  week  of  gestation. 

t  See  a  paper  corroborating  this  statement,  by  Arthur  Scott  Donkio,  M.D.,  in  "Bdinb. 
Med.  Journal,"  vol  ii.  1868,  p.  523. 
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into  cold  water f  or  again  by  the  suctorial  application  of  the  mfaot's  lips 
to  the  nipple,  by  the  introduction  of  the  hand  into  the  vagina,  by  violent 
niovementa  of  other  parts  of  the  body,  and  by  Tarious  other  means. 
This  general  fact  has  an  important  practical  bearing;  aince  there  are 
various  occa^ona  on  which  it  is  most  important  to  life  that  the  pre^ 
vioualy-flaocid  uterus  should  be  excited  to  vigorous  contraction,  lor  the 
sake  of  accelerating  parturition  or  of  suppressing  hsemorrhage ;  whilst, 
on  the  other  hand,  it  is  often  no  less  important  to  be  able  to  prevent  or 
to  antagonize  the  operation  of  causes  which  would  prematurely  induce 
uterine  contractions^  to  the  destxiictiou  of  the  ol^ring  and  the  danger  of 
^e  mother, 

751.  Wheu^  in  the  normal  act  of  Parturidon,  the  head  has  so  far  made 
its  way  through  the  os  uteri  as  to  begin  to  distend  the  lower  part  of  the 
genital  canal,  a  new  kind  of  expulsive  effort  is  superadded  to  that  of  the 
Uteros  itself;  the  assistance  of  the  Expiratory  muscles  being  then  called 
in  (§  495),  through  the  intermediation  of  the  Spinal  Cord,  which  is  pro- 
bably e:scited  to  this  action  by  the  stimulus  thus  applied  to  tlie  afierent 
nerves  of  tJxe  compressed  parts ;  and  it  is  chietiy  by  the  instrumentality 
of  these  muscles  that  the  normal  act  of  parturition  is  usually  completed. 
The  same  action  which  e:^>els  the  l<Etui^  generally  also  detaches  the 
placenta;  and  if  the  uterus  contract  with  sufficient  force  alW  iJns  has 
been  thrown-off,  the  orifices  of  the  vessels  which  communicate  with  it 
are  so  effectually  closed,  that  little  or  no  haemorrhage  takes-plac^e.  If, 
however,  the  uterus  does  not  contract^  or  relaxes  after  having  contracted^ 
a  l&ige  amount  of  blood  may  be  lost  in  a  short  time  ^m  tJie  open  ori^cea. 
For  some  little  time  afier  parturition,  a  sero-sanguineous  discliarg6t 
termed  the  lochia,  is  poured-out  Ikom  the  uterus ;  and  this  commonly 
contains  shreds  of  the  deciduous  membrane  which  had  not  been  pre- 
viously detached,  together  with  a  quantity  of  fat-globule%  and  other  pro- 
ducts of  disintegration  of  the  uterine  ti^ue  (§  333). ♦  Within  a  few 
weeks  after  delivery,  the  uterus  regains  (at  least  in  a  healthy  subject)  its 
previous  conditjon ;  part  of  its  newly-generated  muscular  fibres  seem  to 
digappear  ai together,  whilst  the  others  i^irink  to  their  ordinary  dimeosiofit; 
and  the  portion  of  its  mucous  membrane  which  had  been  thrown^ofli 
as  Decidua,  seems  to  be  to  some  extent  reproduced,  according  to  the 
researches  of  Dr.  Matthews  Duncan  and  M.  Robin,  even  before  delivery 
occurs,  so  that  the  muscular  tissue  of  the  Uterus  is  never  left  completely 
denuded,  f 

752.  As  to  the  reasou  why  the  period  of  Parturition  should  he  just 
forty  weeks  ailer  the  oeeiirrence  of  Conception,  we  know  nothing  mort* 
thjm  we  do  of  that  of  similar  pc nodical  phenomena  in  the  history  of  th^ 
life  of  Man  and  of  other  living  beings ;  all  of  which  must  be  oonsidjt^red  .| 

•  In  addi^oa  to  the  eTidon<M  aiboFe  Teferred-to,  of  the  rapid  Mjettrreoee  of  fiittj  de^- 
nemiioa  fif  the  uterine  atrncture  tMer  pnrturHion,  the  Author  tnAj  mention  tbftt  li€  ltA#  | 
been  informed  hj  Dr,  Betziuj»  (Frofes^r  of  Mtdwiferj  at  Stockliolm)  ttmt  ht  baa  dataeUd  I 
a  large  number  of  fat-glohules  in  th&  oriDO  of  puGrpeml  womm*  l§  it  not  puaaibW— ^  1 
it  may  he  further  asktd — that  some  of  the  olengiaoiui  matter  m  oopiQUslj  pouted •fbvt^  i 
bj  the  Mannoarj  glaudf,  may  be  derived  from  thii  iource  f  Such  an  eeonumj^  of  aititriafill 
muterial  would  be  euosifttent  with  wbjit  we  elsewhere  me@i-witb  [  a»d  Uia  Idea  it  aon-  ^ 
fonnabie  to  tlie  faet^  that  the  proportion  of  butyrine  in  the  milk  if  much  gf«aicr  in  thf 
Garlter,  tiiau  in  the  later  montltf  of  lactation. 

t  Bee  Hiulej's  ^^£lemeata  of  Comp,  Aaatomj/*  1864,  p.  107* 
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as  occasional  manifestations  of  changes  that  are  constantly  in  progress, 
whose  rate,  being  dependent  upon  the  degree  of  Heat  supplied,  is  so 
uniform  in  warm-blooded  animals,  as  to  seciu-e  a  very  close  conformity  to 
a  common  standard.*  There  is  evidence  that  the  occurrence  of  the  uterine 
nisus  may  be  induced  by  a  variety  of  causes,  several  of  which  probably 
concur  in  the  normal  act  of  Parturition.  For,  in  the  first  place,  the  state 
of  development  of  the  muscular  substance  of  the  Uterus  can  scarcely  be 
without  a  considerable  influence  on  this  operation.  We  see  it  undergoing 
a  gradual  augmentation  during  the  period  of  pregnancy,  without  any 
demand  being  made  upon  its  functional  activity;  it  gradually  becomes 
more  and  more  irritable,  contractions  being  &r  more  readily  excited  in  it 
by  electrical  or  other  stimulation,  in  the  later  than  in  the  earlier  months 
of  pr^nancy ;  and  at  Hast  this  irritability  seems  to  reach  its  acmey  in 
virtue  of  the  nutritive  changes  which  have  been  progressively  taking 
place  in  it,  and  to  discharge  itself  in  one  powerful  effort.  Certain 
preparatory  changes  are  known  to  be  taking-place  in  the  Uterus  itself, 
during  the  last  two  or  three  weeks  of  gestation;  for  its  upper  part 
contracts  more  closely  around  its  contents,  as  if  it  were  bracing  itself  up 
for  the  coming  encounter ;  whilst  there  is  a  greater  disposition  to  relaxa- 
tion of  its  lower  part,  as  also  in  the  soft  parts  surrounding  the  orifice  of 
the  pelvis,  so  that  the  whole  mass  descends.  It  is  well  known  that  there 
is  fgj[  less  aptitude  for  dilatation  in  the  os  uteri  before  this  change  has 
taken-place ;  so  that  premature  labours  are  firequently  rendered  very  diffi- 
cult and  tedious  by  ^e  resistance  which  the  foetus  encounters  from  the 
soft  parts,  notwithstanding  that  its  smaller  size  enables  it  to  pass  more 
readily  through  the  pelvic  canal. — That  the  parturient  effort,  however, 
is  not  solely  dependent  upon  the  state  of  development  of  the  uterus, 
appears  fix)m  several  considerations :  and,  in  the  fiiBt  place,  fix)m  the  very 
curious  fact  that,  in  cases  of  extra-uterine  foetation,  contractions  resem- 
bling those  of  labour  take-place  in  its  walls.  In  fiict,  what  may  be 
termed  the  maturation  not  merely  of  the  Uterus,  but  also  of  its  Em- 
bryonic contents, — a  condition  analogous  to  that  which  precedes  the 
dropping  of  ripe  fruit,  and  which  is  acquired  by  the  completion  of  the 
developmental  process, — appears  to  have  more  influence  in  determining 
the  normal  parturient  effort,  than  any  other  cause  which  can  be  assigned. 
The  Placenta  of  the  fully-developed  foetus,  indeed,  is  somewhat  in  the 
condition  of  the  footstalk  of  a  ripening  fruit ;  that  is,  having  attained  its 
full  evolution  as  an  organ  of  temporary  function,  its  connection  tends  to 
become  dissevered  in  virtue  of  the  further  changes  which  take-place  in 
itself,  quite  irrespectively  of  any  external  agency.f  This  is  very  strikingly 
evinced  by  the  fact,  that  when  the  uterus  contains  two  foetuses,  and  one 
of  them  is  expelled,— either  in  consequence  of  impeded  development  or 
of  disease  in  itself,  or  because  it  has  attained  its  own  fuU  term  of  develop- 

*  This  may  be  best  illustrated  by  the  analogy  of  a  Leyden  jar  which  is  being  ohaiged 
by  the  conHimouB  action  of  an  Electrical  Machine,  and  whidi  is  so  arranged  as  to  dif- 
charge  itself  spontaneously  whenever  the  disturbance  in  its  equilibrium  attains  a  certain 
intensity.  If  the  movement  of  the  machine  be  uniform,  and  other  conditions  remain 
the  same,  the  discharge  will  take-place  at  regular  intervals. 

t  Such  a  change  may  be  easily  verified  in  the  Placenta  of  many  of  the  lower  animal^ 
such  as  the  Cat^  in  which  the  foetal  and  maternal  portions  remain  more  distmot  from 
each  other,  than  they  do  in  the  Human  female ;  for  these  become  far  more  easily  sepa- 
rable as  the  period  A  parturition  draws  near,  than  they  are  at  any  previous  time. 
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meitt  (aa  in  caaes  of  Euperf^BtatiQii}  §  756), — the  other,  if  its  developoieot 
at  this  period  m  fkr  from  complete,  h  ottea  retamed,  and  goee-oii  to  its 
full  term^  its  placenta  uot  being  detached  in  the  irst  parturient  effort^ 
because  it  wiis  not  then  prepared  for  ihe  reparation.  It  is  obyioua  that 
thi^  view  ailorda  a  radon^  explaiiation  of  the  occmr^ice  of  uterine 
action  In  caaes  of  extiu-uteime  fcetation;  for^  if  the  con<Ution  of  tlto 
placental  attachment  fumiidi  its  escitiiig  caxtsoi  it  will  do  so  eqaally, 
whether  the  placenta  be  attached  to  the  lining  of  the  ntenis,  or  to  that  of 
the  Fallopian  tube,  or  to  any  other  organ.  It  is  an  additional  indication 
that  the  immediate  stimulus  to  the  parturient  efibrt  of  the  uterus  is  gi^en 
bjr  Borae  chaoge  in  the  condition  of  its  foetal  connections,  that  the  term  of 
gestatiou  seeup  t^apable  of  being  prolonged  by  peculiarities  in  the  oon- 
etitution  or  rate  ot^  development  of  the  foetus,  which  are  derived  from  the 
male  parent  j  ibr  it  was  ascertained  by  the  late  Earl  Spencer,*  that  of  75 
cows  in  cah'  by  a  particular  bull,  the  average  jjeriod  was  288 1  daya^ 
instead  of  2 80  5  none  of  tliese  having  gone  less  than  281  days,  ana  two- 
fifths  of  them  having  exceeded  289  days-f 

753.  Various  states  of  the  constitution,  especially  that  which  is  desig- 
nated aa  *  irritabUity,'  may  induce  the  oecurreDce  of  the  partiuient  efibrt 
at  an  earlier  period ;  and  this  constitutes  Premature  Dehvery,  or  Abor- 
tion, according  as  the  child  is,  or  is  not,  viMe  (§754),  There  are  some 
women  in  whom  this  r^ularly  happens  at  a  certain  montli|  ao  t3iat  it 
aeemfi  to  be  an  action  natural  to  them;  but  it  should  always  beprovenledi 
if  pogelble,  being  iDJurious  alike  to  the  mother  and  to  the  child  ;  and  tkia 
prevention  is  to  be  attempted  by  rest  and  tranqixillity  of  mind  and  bodjr, 
and  by  a  careful  avoidance  of  all  the  exciting  causes  which  may  iirodooe 
uterine  contractions  by  their  operation  on  the  Nervous  system  {|  730)* 
Among  the  causes  of  Abortion,  however,  the  death  of  the  f(3et^  or  an 
abnormal  state  of  the  placental  structure,  is  one  of  the  most  common ;  and 
thus  we  have  another  very  distinct  proof  of  the  influence  which  the  etale 
of  the  contentB  of  the  uterua  baa  on  the  induction  of  the  p^turient  efifbrt. 

754,  The  question  of  the  estrtme  Imiis  of  the  period  of  Gestation,  ia 

*  See  Dr.  J,  a  Edl,  ia  <*  Medical  Qa^^i^''  Maj  6,  1U2. 

f  The  Tei]r  ingemouB  doctrmfi  liu  been  propound^  by  Br.  Tjler  Smitli  (-'Fkitiiiitiiao. 
and  tbe  Fmdplei  and  Flniotiee  of  Obateinca,"'  London,  13id),  that  the  exdtuig  Ottim^ 
parturition  k  to  b«  fotmd  In  th<»  recarrcnoe  of  the  pcnc^dl^  eiait«Mi&i  of  ibi  onfj* 
octiog  by  reSfSxion  on  the  nfcof  us  throngh  the  spin&l  Bj&teta  df  aerrsi,  tjie  OT«riaD  nertas 
being  the  e^eitorSr  miA  th^  utijrino  the  inoion ;  this  excit«meat  oootmuiiif  dadag  IIm 
ontirQ  period  of  g^iatiDU^  and  giving  a  epecial  teiidency  to  aboriioi  al  eacll  vetllla  ;  ifid 
actiag  with  such  potency  at  tbe  elereutb  recuirencci^  us  th&n  to  indnco  Uia  parliifiiMil 
ci^ort.  He  aaifign^  no  other  c^nscj  Jiowererf  why  tbij  eJeventb  recaffeaflo  iboiild  1m  ao 
much  more  elf^tual  th&n  the  Test,  than  that  by  thija  time  there  ia  a  sin^  greater  apil- 
tade  to  coatroctton  in  the  utema  itflelf,  and  an  increased  readlueai  to  be  ibnkwn-off  on 
the  part  of  tho  placenta,  — con<litioQfl  wbkb  eeein  to  ibe  Aotber  to  bti  in  th«titsdT«a 
adequate  to  ot^omit  for  the  rt^ult.  fir.  Tyler  Smttb'a  h; pothfitaa  ia  diitiiietlj  a^i^twI 
by  ib«  foilowlug  facts  : — L  The  period  of  geatatioii,  althongb  &mnn&nlp  a  mutldple  of 
tho  meostrual  interral,^  ifi  by  no  meana  cunsttiiUl^  ao ;  lb$  former  ofiea  raiaainksg  uonual, 
v'hcsii  tbe  tatter  is  iborter  or  longer  tban  usn&h  2.  Farturieat  efibrta  take-plaoft  in 
the  utenLBj  notwitiistandlug  th«  pre^'iou^  removal  of  the  lower  part  of  the  Bpinal  pitc^ 
B.  The  removal  of  the  ovaries  In  the  later  part  of  gestation  doea  nol  interpoM  tjit  Umk 
check,  to  tbe  partnriimt  action,  aa  Prof.  Simpson  of  Edmburgb  has  experimeiitftUy  atesr* 
taincd. — Tbe  Aatbor  oonaidera  himself  fully  juatified,  tberefore,  in  aaKrtiiis  thai  thii 
bypotbesiB  does  not  poaaesa  the  alights  daim  to  ba  eiit«rtaiaed  as  eTen  apoi»A{f  out ; 
aud  n^^ould  refer,  for  a  more  delailJed  exainiiiatiim  of  it,  to  the  **  Brit,  and  For.  Ilad.- 
Cbir,  E^Tiew/'  vol.  it*  p»  1, 
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one  of  great  importance  both  to  the  Practitioner  and  to  the  Medical  Jurist 
— ^In  regard  to  the  shortest  period  at  which  Gestation  may  terminate, 
consistently  with  the  viability  of  the  Child,  there  is  still  a  great  degree  of 
imcertainty.      Most  practitioners  are  of  opinion  that  it  is  next  to  impos- 
sible for  a  foetus  to  live  and  grow  to  maturity,  which  has  not  nearly  com- 
pleted its  seventh  month ;  but  it  is  tmquestionable  that  in&nts  bom  at  a 
much  earlier  period  have  lived  for  some  months,  or  even  to  adult  age.    It 
is  rare  in  such  cases,  however,  that  the  date  of  conception  can  be  fixed 
with  sufficient  precision  to  enable  a  definite  statement  to  be  given.      Of 
the  importance  of  the  question,  a  case  which  some  time  since  occurred  in 
Scotland  affords  sufficient  proof.     A  vast  amount  of  contradictory  evidence 
was  adduced  on  this  trial ;  but,  on  the  general  rule  of  accepting  positive 
in  preference  to  negative  testimony,  it  seems  that  we  ought  to  consider  it 
possible  that  a  child  may  live  for  some  months,  which  has  been  bom  at 
the  conclusion  of  24  weeks  of  gestation.      In  the  case  in  question,  the 
Presbytery  decided  in  favour  of  the  Intimacy  of  an  infimt  bom  alive 
within  25  weeks  after  marriage.*     A  very  interesting  case  is  on  record,']' 
in  which  the  mother  (who  had  borne  five  children)  was  confident  that  her 
period  of  gestation  was  less  than  19  weeks ;  the  fitcts  stated  respecting  the 
development  of  the  child  are  necessarily  very  imperfect,  as  it  was  impor- 
tant to  avoid  exposing  his  body,  in  order  that  his  temperature  might  be 
kept-up ;  but  three  weeks  after  his  birth,  he  was  only  13  inches  in  length, 
and  his  weight  was  no  more  than  29  oz.     At  that  time,  according  to  the 
calculation  of  the  mother,  he  might  be  regarded  as  corresponding  with  an 
infiint  of  22  weeks  or  5  months ;  but  the  length  and  weight  were  greater 
than  is  usual  at  that  period,  indicating  that  he  was  probably  bom  at 
about  the  25th  week.      It  is  an  interesting  feature  in  this  case,  that  the 
calorific  power  of  the  infant  was  so  low,  that  artificial  heat  was  constantly 
needed  to  sustain  it ;  but  that  under  the  influence  of  heat  of  the  fire  he 
evidently  became  weaker,  whilst  the  warmth  of  a  person  in  bed  rendered 
him  lively  and  comparatively  strong.      During  the  first  week  it  was  ex- 
tremely difficult  to  get  him  to  swallow ;  and  it  was  nearly  a  month  before 
he  could  suck.     At  the  time  of  the  report,  he  was  four  months  old,  and 
his  health  appeared  very  good. — Another  case  of  very  early  viability  has 
been  more  recently  put  on  record  by  Mr.  Dodd:f  in  Uiis,  as  in  the  former 
instance,  the  determination  of  the  child^s  age  rests  chiefly  on  the  opinion 
of  the  mother ;  but  there  appears  no  reason  for  suspecting  any  fidlacy. 
The  child  seems  to  have  been  bom  at  the  26th  or  27t3i  week  of  gestation ; 
and  having  been  placed  under  judicious  management,   it  has  thriven 
well. — One  of  the  most  satisfactory  cases  on  record,  is  that  detailed  by 
Dr.  Outrepont§  (Professor  of  Obstetrics  at  Wurtzburgh),  and  stated  by 
Dr.  Christison  in  his  evidence  on  the  case  first  alluded-to.     The  evidence 
is  as  complete  as  it  is  possible  to  be  in  any  case  of  the  kind;  being  derived 
not  only  fi*om  the  date  assigned  by  the  mother  to  her   conception,  but 
also  firom  the  stmcture  and  history  of  the  child.      The  gestation  could 
have  lasted  only  27  weeks,  and  was  very  probably  less.      The  length  of 
the  child  was  13^  inches,  and  its  weight  was  24  oz.      Its  development 

*  *'Beport  of  Proceedings  against  the  Rev.  Fergas  Jardine,"  Bdinlmrgh,  1889. 

t  **  Bdinb.  Med.  and  Snrg.  Journal/*  vol.  xi. 

t  **  Prorineial  Medical  and  Surgical  Journal,"  vol.  iL  p.  474. 

§  *'  Henke^s  Zeitschrift,"  band  tL 
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was  altogether  slow  ;  and  at  tbe  age  of  eteren  ^eors,  tlie  elitid  s^med  do 
more  advanced  in  body  of  niindf  thati  moat  otiier  boys  of  seven  yeiirs  old. 
In  this  last  point,  there  is  a  very  striking  coTrespondence  with  the  resixlts 
of  other  observations  upjn  pretnature  chLtdren,  made  at  an  earlier  age* — ^A 
very  remarkable  case  has  been  since  put  on  record  by  Dr,  Barker  of 
Dumfries,*  in  which  the  chUd  is  affirmed  to  have  been  bom  on  the  158t]i 
day  ofg^ation,  or  in  the  middle  of  the  Iwenhf-third  week  ailer  intercourse. 
Its  abe,  weighty  and  grade  of  derelopment  were  conformable  to*  the  as* 
sorted  period  :  for  it  weighed  only  IC  oz-»  and  measured  11  inches;  it 
had  only  rudimentary  nails,  and  scarcely  any  hair  except  a  little  of  reddiah 
colour  on  the  hack  of  the  heiid ;  the  eyelids  were  closed,  and  did  not  open 
tmtil  the  second  day ;  the  skin  was  shriveUed.  When  born  it  was  wrapj^ed 
up  in  a  box  and  placed  before  the  fire.  The  child  did  not  auck  profK^rly 
until  after  the  lapae  of  a  months  and  did  not  walk  until  she  was  nineteen 
months  old.  Tbr^  years  and  a  half  afterwards  this  child  was  in  a  tbrivijig 
state,  and  very  healthy,  but  of  small  make;  she  then  weighed  29^  lbs. 

755.  A  like  uncertainty  exists  with  r^ard  to  the  d^ee  q( protraction 
of  %vbich  die  ordinary  duration  of  G^rtation  is  capttble.-^Mkny  obstetric 
practitioners,  whoie  experience  should  give  much  weight  to  their  opinion, 
maintain  that  the  regular  period  of  40  weeks  is  never  extended  by  more 
than  two  or  three  days ;  whikt,  on  the  other  hand,  there  are  numeiroua 
cases  on  record,  which,  if  testimony  is  to  be  believed  at  all  (ajid  in  nuuiy 
of  these,  the  character  and  circumstances  of  the  parties  place  Hi  em  above 
suspicion),  furniah  ample  evidence,  that  Gestation  may  be  prolonged  for 
at  least  three  weeks  beyond  the  regular  term.f  In  one  case,  iodeed, 
recorded  by  Liegard^  pregnancy  was  believed  to  have  lasted  SSO  days. 
The  English  law  fixe^  no  precbe  Hmit ;  and  the  decisions  which  hmv® 
been  given  in  our  courts,  when  questions  of  this  kind  have  been  raised, 
have  been  mostly  formed  upon  the  collateral  circumstances.  The  law  <if 
Fnmce  provides  that  the  legitimacy  of  a  child  born  within  300  days  aAcr 
the  death  or  departure  of  the  husband  shall  not  be  questioned ;  and  a 
child  bom  after  more  than  300  days  is  not  declared  a  bastard,  but  ita 
iGgitimacy  may  be  contested.  By  the  Scotch  law,  a  child  is  not  decli&red 
a  biistard,  unless  bom  after  the  tenth  month  from  the  death  or  departure 
of  the  husband. — Very  important  evidence  on  this  subject  is  afforded  by 
inveatigationB  on  the  lower  animals,  which  are  free  from  many  ^ouro^  of 
iallacy  that  attend  human  testimony.  The  observationa  of  T€issier,  which 
were  continued  during  a  period  of  forty  years,  with  every  precaution 
against  inaccuracy,  have  fiimiahed  a  body  of  results  which  s^ems  quite 
decisive.  In  tlie  Cow,  the  ordinary  period  of  gestation  is  about  tlie  same 
as  in  the  Human  female ;  but  out  of  577  individuals,  no  less  tluui  20 
calved  beyond  the  298th  day,  and  of  these,  some  went-on  to  the  32 let, 
making  an  excess  of  nearly  six  weeks,  or  about  ont-mi^^ntk  of  the  entire 
period.  Of  447  Mares,  whose  natural  period  of  gestation  is  about  335 
days,  42  foaled  between  the  359th  and  the  4l9tli  days,  the  greatest 
protraction  being  thus  84  days,  or  just  one-Jbtirth  of  the  usual  term.  Of 
212  Sheep,  whose  nati^tral  period  is  about  151  daysj  96  yeaned  beycmd 

*  "  Medical  Times^"  Sept.  7  *ad  Oct.  12,  1850, 

f  A  gootl  collection  of  ml  eh  osaei  will  W  foiintl  in  Dr.  Moiil|5C«Q«ry*»  citeelleot  wi>rk 
on  tii0  **Signii  of  PregTiancj,*'  And  la  Dt,  A.  Tajlor^s  ^'M^jdical  Jnnsprnd^nce. " 


PROTBACTED   GESTATION.  783 

the  153rd  day;  and  of  these,  7  went-on  until  the  157th  day,  making  an 
excess  of  6  days.  Of  161  Rabbits,  whose  natural  period  is  about  30 
days,  no  fewer  than  25  littered  between  the  82nd  and  the  85th ;  the 
greatest  protraction  was  here  one-sixth  of  the  whole  period,  and  the  pro- 
portion in  which  there  was  a  manifest  prolongation  was  also  nearly  one- 
sixth  of  the  total  number  of  individuals.  In  the  incubation  of  the  common 
Hen,  the  duration  of  which  must  be  entirely  determined  by  the  rate  of 
embryonic  development,  Tessier  found  that  ^ere  was  not  unfrequently  a 
prolongation  to  the  amount  of  three  days,  or  one-seventh  of  the  whole 
period. — In  regard  to  Cows,  the  observations  of  Tessier  have  been  con- 
firmed by  those  of  Earl  Spencer,  who  has  published*  a  table  of  the  period 
of  gestation  as  observed  in  764  individuals ;  he  considers  the  average 
period  to  be  284  or  285  days ;  but  no  fewer  than  810  calved  afler  the 
285th  day;  and  of  these,  3  went-on  to  the  306th  day,  and  1  to  the  313th. 
It  is  curious  that  among  the  calves  bom  between  the  290th  and  300th 
days,  there  was  a  decided  preponderance  of  males, — these  being  74,  to 
32  females ;  whilst  all  of  those  bom  after  the  300th  day  were  females. 
The  additional  series  of  observations  subsequently  made  by  Earl  Spencer, 
in  regard  to  the  constant  protraction  of  the  period  in  75  cows  in  calf  by 
a  particular  bull,  has  been  already  noticed  (§  752). — ^Another  series  of 
observations  has  been  published  by  Mr.  C.  N.  Bement  of  Albany,  U.S.,f 
who  has  recorded  the  period  of  gestation  of  62  Cows.  The  longest  period 
was  386  days;  the  ^ortest,  213  days.  The  average  period  for  male 
calves  was  288  days ;  and  for  females  282  days. — On  the  whole  it  may 
be  considered,  that  in  regard  to  the  Human  female,  the  French  law  is  a 
very  reasonable  one ;  there  being  quite  sufHcient  analogical  evidence  to 
support  the  assertions  of  females  of  good  character,  having  no  motive  to 
deceive,  which  lead  to  the  conclusion  that  a  protraction  of  at  least  four 
weeks  is  quite  possible,  and  that  a  protraction  of  six  weeks  is  scarcely  to 
be  denied.  $ 

756.  There  is  another  question  regarding  the  function  of  the  Female 
in  the  Reproductive  act,  which  is  of  great  interest  in  a  scientific  point  of 
view,  and  which  may  become  of  importance  in  Juridical  inquiries; 
namely,  the  possibility  of  Superfcetation^  that  is,  of  two  distinct  concep- 
tions at  an  interval  of  greater  or  less  duration ;  so  that  two  foetuses  of 
different  ages,  the  ofiEspring  perhaps  of  different  parents,  may  exist  in  the 
uterus  at  the. same  time. — The  simplest  case  of  Superfoetation,  the  fire- 
quent  occurrence  of  which  places  it  beyond  reasonable  doubt,  is  that  in 
which  a  female  has  intercourse  on  the  same  day  with  two  males  of  diffe- 
rent complexions,  and  bears  twins  at  the  fldl  time;  the  two  infimts 
resembling  the  two  parents  respectively.  Thus,  in  the  slave-states  of 
America,  it  is  not  uncommon  for  a  black  woman  to  bear  at  the  same  time 
a  black  and  a  mulatto  child ;  the  former  being  the  offspring  of  her  black 
husband,  and  the  latter  of  her  white  paramour.  The  converse  has  occa- 
sionally, though  less  firequently,  occurred :  a  white  woman  bearing  at  the 
same  time  a  white  and  a  mulatto  child.     There  is  no  difiSiculty  in  accoimt- 

*  '' Jonrnal  of  the  English  Agricultur&l  Society,"  1839. 

t  "  American  Journal  of  the  Medical  Sciences,"  October,  1845. 

t  See  especially  two  cases,  183  and  184,  detailed  by  Dr.  Murphy  in  his  "  Report  of 
the  Obstetric  Practice  of  University  College  Hospital"  for  1844  ;  and  another  case  since 
published  by  him  m  the  <<  Medical  Gazette*'  for  1849,  yoI.  xlviii.  p.  683. 
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ing  ibr  micli  &cts,  when  it  is  remembered  ti^  notlung  has  oectured  to 
prevent  the  uterus  m^di  OT^ria  &om  being  aa  read^  for  th^  second  cottoep* 
tioti  ns  for  the  £rat ;  smoe  the  orifice  of  the  former  is  not  jet  closed  up ; 
and,  at  the  time  when  one  ovmn  is  matured  for  fectrnd^tion^  ther«  are 
UHually  more  in  nearly  the  same  condition, — But  it  m  not  ea^  ti&iis  to 
account  for  the  birth  of  two  children,  ^^h  apparently  mattire,  at  mn  in* 
terrat  of  five  or  six  months ;  since  it  might  haire  been  suppoeed  that  tlie 
uteruB  waa  eo  completely  occupied  with  the  Etst  orumf  as  not  to  allow 
of  the  transmission  of  the  seminal  Hiiid  necesiaiy  for  the  fecundation  of 
the  second.  In  casee  where  two  children  have  been  prmluced  at  the 
same  timet  ^^^  ^^  which  was  fully  ^formed,  whilst  the  other  wi^b  sanull 
and  seemingly  premature,  there  is  no  occasion  whatever  to  imagine  that 
the  two  -were  conceived  at  difierent  periods  5  since  the  flnuiller  ftetuB  nmy 
have  been  *  blighted,'  and  its  derelopment  retarded,  aa  not  unfrequeutly 
happeea  in  other  cases.  Nor  la  it  necessary  to  infer  the  ocenrrence  of 
auperfcetation  in  every  case  in  which  a  living  child  has  tieen  produced  m 
month  or  two  after  the  birth  of  another;  since  the  latter  may  have  he^n 
somewhat  prematurCj  whilst  the  fijrmer  has  been  carried  to  the  lull  tjemi. 
But  such  a  difference  can  scarcely  be^  at  the  most,  more  than  2|  or  3 
months; ♦and  there  are  several  cases  now  on  record,  in  whitjh  the 
interval  waa  from  110  to  170  days,  whilst  neither  of  the  children  pre- 
sented any  indication  of  being  otherwise  than  mature, f 

757,  Whatever  be  the  precise  nature  and  history  of  the  Fecundating 
process,  there  can  be  no  doubt  that  tlie  properties  of  the  Germ  depond 
upon  conditional  both  material  and  dynamical,  supplied  by  batfi  Parente. 
This  is  most  obviously  shown  by  the  fnmon  of  the  characters  of  the 
parents,  which  is  exhibited  by  ht/brids  between  distinct  speciea  or 
strongly-marked  varieties  among  die  lower  animals,  such  as  ^e  Horse 
and  Ass,  the  Lion  and  Tiger,  or  the  various  breeds  of  Dogs ;  or  in  tli# 
oifapring  of  parents  belonging  to  two  strongly -contrasted  Race^  of  Meiif 
such  as  the  European  on  the  one  hand,  and  the  ^€gro  or  American  Indian 
on  the  other- — ^It  has  long  been  a  prevalent  idea  that  certain  parts  of  the 
organism  of  the  ofispring  are  derived  from  the  male,  and  certain  other 
parts  from  the  female  parent ;  and  although  no  universal  rule  can  be  Jmid 
down  upon  this  point,  yet  the  independent  olKiervations  which  have  been 
made  by  numeTous  practical  ^breeders*  of  domestic  animals  (both 
mammal B  and  birds),  seem  to  establish  that  such  a  Undenct/  has  a  real 
existence;  the  characters  of  the  Animal  portion  of  the  &bric  being 
especially  (but  not  exduaively)  derived  from  the  mfjh  parent^  and  tboc 
of  the  Organic  apparatus  being  in  like  mann^  derived  from  ihe/emah  ' 
parent.  The  former  wUl  be  chiefly  manifested  in  the  external  apptttr- 
ance,  in  the  general  configuration  of  the  head  and  limbs,  in  the  orgxns  of  1 
the  senses  (including  the  skin),  and  in  the  locomotive  apparatus :  wbtl^ 
the  latter  show  themselves  in  tJie  size  of  the  body  (wliich  is  priitmrilv^ 
determined  by  the  development  of  the  viscera  contained  in  the  trunk )« 
and  in  the  mode  in  which  the  vital  ftmctions  are  p^ormed.     Thus  the 

*  For  an  interesting  case  of  snpctfmtati^a,  vthsn  the  dlflenooe  in  the  age  of  the  imxt 
fcEtuHea  wiia  lihotst  thrQ«  months,  iee  &  Report  m&de  by  I>n,  Hirlej  and  Tftnner  io  tfa« 
Obstetrical  Society,  '*  Liflrtt,''  toL  ii,  1S62. 

t  8«Q  tho  AHIcte  *  SaperfcntAtion/  m  Dr,  Bdck^u  '^Blsroenti  of  Medicil  Jaria* 
pradeOfOt.** 
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mule,  which  is  the  produce  of  the  male  ass  and  the  mare,  is  essentially  a 
modified  ass,  having  the  general  configuration  of  its  sire  (slightly  varied 
by  equine  peculiarities),  but  having  the  rounder  trunk  and  larger  size  of 
its  dam ;  on  the  other  hand,  the  hinny,  which  is  the  offspring  of  the 
stallion  and  the  she-ass,  is  essentially  a  modified  horse,  having  the  general 
configuration  of  the  horse  (though  with  a  slight  admixture  of  asinine 
features),  but  being  a  much  smaller  animal  than  its  sire,  and  thus  ap- 
proaching its  dam  in  size,  as  well  as  in  the  comparative  narrowness  of  its 
tnmk.     The  influence  of  the  female  on  the  general  '  constitution,'  and 
especially  on  the  fattening,  milking,  and  breeding  qualities  of  the  offepring, 
is  asserted  to  be  proved  by  the  history  of  several  races  of  sheep  and 
cattle,  which  have  been  most  distinguished  in  these  respects.* — But  how- 
ever general  this  rule  may  prove  to  be  as  regards  the  lower  animals,  it  is 
by  no  means  universal ;  for  instances  are  by  no  means  unfrequent,  in 
which  the  multiple  progeny  of  one  conception  divide  between  them  the 
characters  of  the  parents  in  very  different  modes.    Thus,  in  a  case  in 
which  a  Setter-bitch,  having  been  *  lined^  by  a  Pointer,  bore  three  pups, 
two  of  these  pups  seemed  exclusively  to  resemble  the  &ther,  appearing 
to  be  perfect  Pointers  in  configuration,  and  growing-up  with  the  habits 
of  that  race ;  whilst  the  third  seemed  equally  to  resemble  its  mother, 
being  apparently  a  true  Setter  both  in  structure  and  instinct.     Yet  not- 
withstanding this  apparent  restriction,  it  subsequently  appeared  that  the 
pointer-pups  must  have  had  something  of  the  setter  in  their  constitution, 
and  the  setter-pup  something  of  the  pointer.     For  one  of  the  Pointer- 
pups  (a  male)  having  been  matched  at  the  proper  age  with  a  Pointer- 
bitch  of  pure  breed,  one  of  the  pups  borne  by  the  latter  was  a  true  setter^ 
exactly  resembling  its  paternal  grandmother,  and  another  was  setter- 
marked;  and  the  Setter-pup  (a  female)  having  been  lined  by  a  Setter-dog 
of  piu^  breed,  there  were  among  its  litter  of  pups  two  pointers  resembling 
their  maternal  grandfather. — The  same  variety  presents  itself  to  even  a 
greater  degree  in  the  Human  species.     For  in  ahnost  every  large  femily 
(and  sometimes  even  where  there  are  no  more  than  two  childrenf),  it 
will  be  observed  that  the  likeness  to  the  father  predominates  in  some  of 
the  children,  and  the  resemblance  to  the  mother  in  others.     Still  it  is 
rare  to  meet  with  instances  in  which  some  distinctive  traits  of  both  parents 
may  not  be  traced  in  the  offspring ;  these  traits  often  showing  themselves 
in   peculiarities   of  manner   and  gesture,  in  tendencies  of  thought  or 
feeling,  in  proneness  to  particular   constitutional   disorders,  &c.,   even 
where  there  is  no  personal  resemblance,  and  where  there  has  been  no 
possibility  that  these  peculiarities  should  have  been  gained  by  imitation. 

*  See  Walker  '*  On  Intermarriage  ;"  Orion  on  '  The  Physiology  of  Breeding,*  in  the 
*' Newcastle  Chronicle,**  March  10,  1864  ;  and  Dr.  Alex.  Harrey  *0n  the  Belatire 
Influence  of  the  Male  and  Female  Parents  in  the  Reproduction  of  the  Animal  Spedei^* 
in  "  Edinb.  Monthly  Joum.,**  Aug.  1854. 

f  One  of  the  most  remarkable  cases  of  this  kind  known  to  the  Author,  is  that  of  two 
Sisters,  who  seem  to  resemble  each  other  in  no  one  point  of  configuration  or  mental 
character ;  but  of  whom  one  bears  a  most  striking  reeembUnoe,  both  in  person  and  in 
mind,  to  her  Father ;  whilst  the  other  no  less  strikingly  resembles  her  Mother.  The 
only  peculiarities  which  at  all  indicate  their  relationship,  are  a  gouty  diathesis  which 
they  both  inherit  from  their  father,  and  an  idiosyncrasy  in  regard  to  opium,  of  which 
neither  is  able  to  take  even  a  small  dose  (in  any  form  whatever)  without  Tiolenl 
vomiting. 
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And  evtii  when  they  are  overborne,  aa  it  were,  m  the  immetlinte  progeny, 
by  tJie  stronger  in^uence  derived  from  the  other  side,  they  will  oflen 
reappear  in  a  siibaequent  genemtion  (as  in  the  caae  just  cit«d),  oon- 
Bti toting  the  pheoomeBon  Tmowti  as  Atavimn, 

758.  The  influence  of  both  Parents  on  the  eonstltutioii  of  the  Offspring 
is  strikingly  manifested,  not  merely  in  the  admixture  of  their  dijinurfcers 
normally  displayed  by  the  latter,  but  also  in  the  tendency  to  the  her^dt- 
tarif  transmisswfi  of  perverted  modes  of  fiinctionai  activity  which  may 
have  been  habitual  to  either*  The  diBe&sea  which  are  usually  considered 
to  be  most  proae  thus  to  reappear  in  succea^ve  generationa,  are  Scrofula, 
Gout,  Syphilis,  and  Insanity ;  but  it  can  flcarcely  be  doubted  that  many 
others  roight  be  added  to  this  list.*  The  predisposition  may  have  been 
cong^mial  oo  the  part  of  the  parents,  or  it  may  have  been  act/uirrd  by 
themselves ;  and  in  no  case  is  this  more  obvious,  than  in  the  iutiuence  of 
Alcoholic  excesses  on  tlie  part  of  one  or  both  parentji,  in  producing 
Idiocy^  s,  predisposition  to  Insanity,  or  weakn^a  and  initabihty  of  Mind, 
in  the  childTeni  this  being  especially  the  case  where  both  parentB  h^tvc 
thus  transgressed.  Thus  out  of  359  Idiots,  the  condition  of  whose  ptx)* 
genitors  could  be  ascertained,  it  was  found  that  no  fewer  than  99  wcro 
the  children  of  absolute  drunkards;  and  there  was  reason  to  believe  thai 
a  large  proportion  of  the  parents  of  the  remainder  were  more  or  leas 
intemj>erate,  only  about  a  quarter  of  the  whole  number  of  idiots  having 
been  found  to  be  the  cliildren  of  parents  who  were  known  to  l>e  tciii- 
perafco.f  And  it  is  perfectly  wdl  known  to  those  who  are  conversant 
with  Insanity,  that  of  all  the  '  predisposing  causes'  of  that  disorder,  habib* 
of  intemperance  on  the  part  of  either  or  both  parents  are  among  thr>  Ttin^t 
irequent. — The  intensification  which  almost  any  kind  of  pcrv  t' 

Nutrition  derives  from  being  common  to  both  parents,  is  most  rci  v 

evinced  by  the  lamentable  results  which  too  frecpicntly  accrue  Ironi  the 
marriage  of  individuals  nearly  related  to  each  otlier,  and  partaking  of  lh« 
same  *  taint.^  Such  results  must  have  Mien  within  the  knowloflge  of 
almost  every  one  possessing  an  extended  field  of  observation;  but  rl»"v 
are  bronght-out  with  fearful  vividness  by  the  unerring  test  of  pro^i 
collected  Statistics,  For  out  of  the  350  idiota  just  referred^ to,  17  ^tn' 
known  to  have  been  the  children  of  parents  nearly  related  by  blood  ;  and 
this  relation^ ip  was  sji^pected  to  have  eiiated  in  several  other  c^aes,  in 
wliich  positive  information  could  not  be  obtained.  On  ejsamining  into 
the  history  of  the  17  families  to  which  these  individuals  belonged,  it  wha 
found  that  they  had  consisted,  in  all,  of  95  children ;  that  of  theae  uo 
fewer  than  44:  were  idiotic,  12  others  were  scrofulous  and  puny,  1  was 
deaf^  and  1  was  a  dwarf  In  some  of  these  fiunilies,  all  the  children  wert* 
either  idiotic,  or  very  scrofulous  and  puny  ;  in  one  lamily  of  8  cliiklrt*ii, 
6  were  idiotic 4 — ^But  it  does  not  seem  requisite  for  tlie  production  of 

*  See  the  very  Intereattng  And  soggeatir^  Cli»pter  *  Oa  HsreditaE?  Blseacei*  in  Sir  H« 
H<»1liKQfl*fl  "Medical  Kotea  anil  HeQectloiiB, " 

f  Se«  Dr,  HciwB*3  "Report  on  Idiocj  to  the  LegisUtUTfl  of  JffMawlidSCstto,"  18IS, 
t  See  Dr,  How^^s  Report,  p.  90.     An  ali^traot  of  ihm  Report  b  pvea  io  the  **  AtnciVj 
Journ.  of  MotL  Sci./'  i^pril,  lS49.^^Tbe  fuUawlzig  worka  mftj  abo  be  refemd-to  M  ttm 
lAitiJni^  the  mmi  recent  Informntioti  upon  th«  Important  liubjeet  of  tbe  eflbets  upcm  i ' 
offjipriftg  of  rniLrriftgt*  of  conBanguhiity  !— M.  Ikadin  in  tlie  "Anaale*  d'Hygii^ne,"  to 
XviiL  pp.  6-62,  wlio  «>l«8er¥es  that  the  denr-mutesof  consangaineoai  origin  mnc  from  twijfl^ 
to  fifkOQ  timea  m  tuimepout  m  the/  irodd  be  if  the  ialiriiiitj  were  eqiiaUj  dutobtsUd 
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very  imperfect  ofispring  from  the  intermarriage  of  near  relations,  that 
any  decided  <  taint*  should  exist  in  the  parents ;  for  the  Author's  own 
observations  and  inquiries  lead  him  to  conclude  that  the  same  danger 
results  when  there  is  any  strong  personal  or  mental  ^  idioflyncrasy,*  such 
as  is  often  seen  to  run  through  the  members  (both  male  and  female)  of  a 
particular  &mily,  causing  tihem  to  be  at  once  recognized  as  belonging 
to  it,  by  those  who  have  been  fiuniliar  with  other  members.*  This 
liability  probably  does  not  exist  to  nearly  the  same  d^^ree,  where  the 
parents,  although  nearly  related,  differ  widely  in  physical  and  in 
psychical  characters,  through  the  predominance  of  elements  which  have 
been  introduced  by  their  non-related  parents ;  as,  for  example,  when  a 
man  strongly  resembles  his  father  rather  than  his  mother,  marries  the 
daughter  of  his  mother's  brother,  who,  on  her  part,  resembles  her  own 
mother  rather  than  her  father.  But  the  case  previously  cited  (§  757) 
gives  warning  that  even  here  the  '  &mily  idiosyncrasy*  may  exist  in  a 
powerful  d^ee,  though  in  a  latent  form,  and  may  seriously  a£Eect  the 
constitution  of  the  offspring.  It  is  quite  as  common  to  meet  with  Atavism 
in  the  transmission  of  hereditary  disease,  as  in  the  reproduction  of 
*  &mily  likeness.* 

759.  Attention  has  recently  been  directed  to  a  very  curious  class  of 
phenomena,  which  show  that  where  the  mother  has  previously  borne  off- 
spring, the  influence  of  its  father  may  be  impressed  on  her  progeny  after- 
wards begotten  by  a  different  parent :  as  in  the  well-known  case  of  the 
transmission  of  Quagga-marks  to  a  succession  of  colts,  both  whose  parents 
were  of  the  species  Horse,  the  mare  having  been  once  impr^nated  by 
a  Quagga  male;f  and  in  the  not  unfrequent  occurrence  of  a  similar 
phenomenon  in  the  Human  species,  as  when  a  widow  who  marries  a 
second  time,  bears  children  strongly  resembling  her  first  husband.  Some 
of  these  cases  appear  referable  to  the  strong  mental  impression  left  by  the 

among  the  offspring  of  eonsangmneoxui  and  other  marriages ;  Dr.  Bemias  in  the  " Jotunal 
of  Psychological  Medicine**  for  1857,  p.  368,  who  supplies  focts  and  argomoits  against 
such  marriages ;  Dr.  Mitchell  in  the  '*  Ediuh.  Med.  Jonm.'*  for  1862,  p.  872,  who  oon« 
nders  idiocy  to  he  an  especially  frequent  consequence  of  the  marriage  of  blood-relations^ 
and  agrees  with  M.  Boudin  in  regard  to  the  frequency  of  deaf-mutism  in  Uie  ofEspiing  ; 
M.  Gadiot  in  the  **  Comptes  Bendos,"  yol.  ii.  1868,  p.  978  ;  M.  Angelon  in  idem,  toL  L 
1864,  p.  166;  and  Dr.  B.  Dally  in  the  **  Anthropological  Beview"  for  May,  1864. 
Amongst  the  Editor's  own  immediate  relations  there  have  been  fiye  marriages  between 
first-cousins,  firom  which  haye  proceeded  thirty-three  children ;  of  these  eight  haye 
died,  one  from  teething,  two  from  croup,  and  one  from  hooping-cough  (all  injudidouslj 
fed),  one  from  accident^  one  from  cyanosis,  and  two  from  well-marked  scrofulous  disease; 
the  last  two  occurred  in  the  same  family,  and  were  the  only  offspring  of  an  extremelj 
obese  father  and  a  highly  scrofulous  mother.  The  surriying  children  are  of  unusually 
healthy  and  fine  growth.  The  Bditor  therefore,  firom  these  and  other  obeeryations^ 
fully  accords  with  the  obseryations  of  Dr.  G.  W.  Childs  in  the  *'  Medioo-Ghir.  Beyiew*' 
for  1862,  yol.[i.  p.  461,  who  in  criticizing  Dr.  Bemiss^s  Bssay,  remarks  that  the  marriages 
of  blood-relations  haye  no  tendency,  per  je,  to  produce  degeneration  of  race,  though 
Hiej  haye  a  tendency  to  strengthen  and  deyelope  in  the  offspring  indiridual  peooliarities 
of  the  parents,  both  mental  and  physical,  whether  morbid  or  otherwise. 

*  A  most  lamentable  instance  of  this  kind,  which  happened  some  yean  ago  in  a  family 
well  known  to  the  Author,  was  the  occasion  of  his  first  directing  his  attention  spedallj 
to  this  point.  Two  first-cousins,  possessing  a  strong  'fiunily  idiosyncrasy,'  but  no  defi« 
nite  '  taint,'  haying  married,  four  children  were  bom,  each  of  which  was  distinguished 
by  some  marked  defect  of  organization  or  penrersion  of  function ;  one  being  deaf  and 
dumb,  another  scrofulous,  a  third  idiotic,  and  the  fourth  epileptic. 

t  "  PhUosophical  Transactions,*'  1821.  ' 
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fitnt  male  parent  upon  the  female :  but  there  are  othera  which  a^sm  to 
reiiiler  it  more  likely  that  ^e  blood  of  the  femaJe  hss  imbibed  from  thiit 
of  the  tbetus,  through  the  placental  clrcidation,  aome  of  the  attributes 
which  the  latter  has  derived  firom  ita  male  parent ;  and  that  the  female 
may  communicate  these,  with  those  proper  to  herself^  to  the  subaequent 
offspring  of  a  different  male  parentage.* — Thia  idea  La  borne-out  bj  a 
great  number  of  important  iacts ;  and  it  senrea  to  explain  the  circum- 
Btance  well  known  to  practitioners,  that  eecondaty  ayphilis  will  oA^it 
appear  in  a  female  during  gestation  or  after  parturition,  who  haa  nevm 
had  primaiy  aymptoma,  whikt  the  &ther  of  the  child  ehowa  no  recent 
Bfphtiitie  diaotder.  For  if  he  have  communicated  a  syphilitic  taint  to  the 
fc£tufi,  the  motJier  may  become  inoculated  with  It  through  bar  offspring, 
in  the  manner  just  described.  Ab  tJiis  i^  a  point  of  great  pracdcai 
importance,  it  may  be  hoped  that  tho^e  who  have  the  opportunity  of 
bringing  obaervation  to  bear  upon  it,  will  not  omit  to  do  so.  \ 

7 GO.  There  seems  good  reason  to  beliera,  moreover^  that  the  attribut^^^l 
of  the  Germ  are  in  great  degree  dependent^  not  merely  upon  the  habititiX^ 
conditions  of  the  Parenta  which  hava  jumiaheid  ita  original  components, 
but  even  upon  the  condition  in  which  those  parents  may  be  at  tli^  time 
of  sexual  congreaa.  Of  this  we  have  a  remarkabb  proof  in  the  pheinomezioii 
well  known  to  breeders  of  ammala^  that  a  strong  mental  impreaaton  tnadQ 
upon  the  female  by  a  particular  male^  will  giva  tlie  offspring  a  reseoiblaace 
to  him^  even  though  she  has  had  no  scjoial  interoottree  with  him  ;f  a 
circumstance  for  which  there  is  no  difficulty  in  aiKK)'untingf  on  the  hypo* 
thesis  already  put-ibrth  regarding  the  dynamical  relation  of  Mental  stfttea 
to  the  Organic  processes  (Chap*  XV,),  And  there  is  no  improbability 
therefore,  in  the  idea  that  tJie  offspring  of  parents  ordinarily  healthy  umd 
temperate^  but  begotten  in  a  fit  of  intojdcation  on  both  aides^  would  be 
likely  to  snffer  permanently  trom  the  abrogation  of  the  reason,  which  they 
have  temporarily  brought  upon  themselves,}^"*^'!  ^^  whole,  then,  we 
seem  entitled  to  conchidej  that  the  attributes  of  tlie  embryo  will  be 
influenced  in  a  most  important  degree  by  the  entire  condition  (sm  relates 
both  to  the  organic  and  the  psychical  life)  of  both  parentB  at  the  time  of 
the  sexual  congress;  and  it  m  prol>abJy  on  account  of  the  perpetujU 
changes  taking- place  in  the  bodily  and  mental  state  of  each  individuaJ 
(his  condition  at  any  one  time  being  the  general  resultant  of  all  those 
changes) y  that  we  almost  constantly  witness  marked  differences  between 
children  born  at  successive  intervals,  however  strong  may  be  tha  *  family 
likeness^  among  them;  whilst  the  resemblance  between  twins  is  olmosl 
invariably  much  closer,  § 

7SL  When  it  is  borne  in  mind  that  during  the  entire  period  cf 
gestation,  the  Embryo  is  deriving  ita  nutriment  racclnaiYely   Irom   the 

*  See  in  iDtcresting  diBcaBeioQ  of  thia  qiieHtion,  bj  Dr,  Alex.  HKTve^,  in  tb«  ^^BiUbk 
Month[|' JDtim.f^'  Oci>  ISiO^  Hud  Oct.  and  Nor,  IS^O  ;  md  in  hii  pamjitilel  **0b  m 
HemarkiLble  ES«;t  of  Crow- breeding/ *  Kdmk,  1E51. 

■f-  S^  H&rrejrf  luc,  cit. 

t  See  &  cam  of  this  kind  related  bj  Mr,  Q,  Cgmbe  tii  the  **  Ffaitnologiottl  JunrtMHp** 

%  Where  twine  a?Q  Teiy  naliki  eme  a^otlier,  it  vilE  nBUfillf  be  foand  Uiat  ttie  diifl&* 
tailirit;  Ib  due  to  tbs  predominaiKs  of  tbe  cbKractan  of  tbe  fiiiher  in  oua,  mad  of  t^^ 
of  tbe  mother  In  the  gtbor  ;  mi  in  tbe  caae  of  the  Puintcr  Asd  Setter  pft Tiomtj  exist 
a  7BT). 
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blood  of  the  Mother,  and  that  the  condition  of  this  fluid  in  relation  to 
her  own  processes  of  Nutrition  and  Secretion,  is  subject  to  a  very  nuurked 
influence  from  her  own  mental  states  (Chap,  xv.),  it  cannot  fairly  be 
thought  improbable,  that  the  developmental  processes  of  the  Embryo 
should  be  powerfully  aflected  by  strong  Emotional  excitement  on  her 
part  Among  the  &icts  of  this  class,  there  is,  perhaps,  none  more  striking 
than  that  quoted  by  Dr.  A.  CJombe*  from  Baron  Percy,  as  having  occurred 
after  the  siege  of  I^dau  in  1798.  In  addition  to  a  violent  cannonading, 
which  kept  the  women  for  some  time  in  a  constant  state  of  alarm,  the 
arsenal  blew-up  with  a  terrific  explosion,  which  few  could  hear  with  un- 
shaken nerves.  Out  of  92  children  bom  in  that  district  within  a  few 
months  afterwards.  Baron  Percy  states  that  16  died  at  the  instant  of  birth ; 
33  languished  for  from  eight  to  ten  months,  and  then  died ;  8  became 
idiotic,  and  died  before  the  age  of  five  years ;  and  2  came  into  the  world 
with  numerous  fractures  of  the  bones  of  the  limbs,  probably  caused  by 
irr^ular  uterine  contractions.  Here,  then,  is  a  total  of  59  children  out 
of  92,  or  within  a  trifle  of  2  out  of  every  3,  actually  killed  through  the 
medium  of  the  Mother^s  alarm  and  the  natural  consequences  upon  her 
own  organization ;  an  experiment  ^for  such  it  is  to  the  Physiologist) 
upon  too  large  a  scale  for  its  results  to  be  set  down  as  mere  '  coincidences.* 
— ^No  soundly-judging  Physiologist  of  the  present  day  is  likely  to  &11 
into  the  popular  error  of  supposing  that  *  marks '  upon  the  Infimt  are  to 
be  referred  to  some  transient  though  strong  impression  upon  the  imagi- 
nation of  the  Mother ;  but  there  appear  to  be  a  sufficient  number  of  facts 
on  record,  to  prove  that  habitual  mental  conditions  on  the  part  of  the 
Mother  mai/  have  influence  enough,  at  an  early  period  of  gestation,  to  pro- 
duce evident  bodily  deformity,  or  peculiar  tendencies  of  the  mind  (§715). 
The  error  of  the  vulgar  notion  on  this  subject,  lies  in  supposing  that  a 
sudden  fright,  speedily  forgotten,  can  exert  such  a  continual  influence  on 
the  nutrition  of  the  Embryo,  as  to  occasion  any  personal  peculiarity.f 
The  view  here  stated,  is  one  which  ought  to  have  great  weight,  in  making 
manifest  the  importance  of  careful  management  of  the  health  of  the  Mother, 
both  corporeal  and  mental,  during  the  period  of  pr^nancy ;  since  the 
ultimate  constitution  of  the  oflspring  so  much  depends  upon  the  influences 
then  operating  upon  its  most  impressible  structure. 

4.  Development  of  the  Embryo, 

762.  The  history  of  the  evolution  of  the  Germ,  from  its  first  appear- 
ance as  a  single  cell  lying  in  the  midst  of  the  yolk,  to  the  time  when  it 
presents  the  form  and  structure  characteristic  of  its  parent-species,  and  is 
capable  of  maintaining  an  independent  existence, — including  the  details  of 

*  *'0n  the  Management  of  Infancy,*'  p.  76. 

+  For  some  Talnable  obeenrationB  on  this  sabject^  see  Montgomery  "  On  the  Signs  of 
Pregnancy.** — Namerous  cases  were  recorded  a  few  years  since  (especially  in  the 
**  Lancet**  and  "ProTincial  Medical  Joamal**),  in  which  malformations  in  the  Infant 
appeared  distinctly  traceable  to  strong  impressions  made  on  the  mind  of  the  Mother  some 
months  previoasly  to  parturition  ;  these  impressions  haying  been  persistent  daring  the 
remaining  period  of  pregnancy,  and  giving  rise  to  a  full  expectation  on  the  part  of  the 
Mother,  Uiat  the  child  would  be  affected  in  the  particular  manner  which  acinallj 
occurred.  Of  one  very  striking  case  of  this  kind,  the  Author  is  personally  eogniiant,  it 
having  occurred  in  the  family  of  a  near  comiectioii  of  his  own. 
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tJjo  progressive  devdopment  of  each  separate  organ^  &om  its  first  appear- 
anca  ns  an  aggi-egntion  of  simple  ctdk  formed  by  tSie  dnpliGii^Ye  mibdivmioa 
of  the  primordml  Yesicie,  to  that  stage  of  completeness  in  which  it  is  able 
to  bear  &  pj^-t  in  the  vital  economy  of  the  new  being,— «iid  embrttcing^ 
ulsOf  ihe  BUGGefflion  of  changes  in  the  provistons  for  the  nutrition  of  the 
embryo  m  the  successive  phases  of  its  existence,  and  the  adaptations  of 
its  general  oigani^ation  to  each  respectively, — constitutes  one  of  the  most 
interesting  departments  of  Phyaiologicol  Science,  and  one  which  has  of 
late  years  received  a  peculiar  degree  of  attention.  It  is  a  branch  of  the 
inquiry,  however,  which  haa^  and  seems  likely  to  It&Ye^  less  practtcttl 
bearing  than  any  other ;  for  neither  as  regards  the  preservation  of  tlie 
body  in  health,  nor  its  restoration  from  disease,  is  it  easy  to  see  wliat  direct 
benefit  the  most  exact  knowledge  of  Embryonic  Development  is  likely  to 
afford.  The  chief  suliject  on  which  it  throws  light^  is  that  of  Congenital 
Malformations  and  Deficiencies ;  many  of  which  are  now  distinctly  trace- 
able to  arrest  or  irrtgnlarity  of  the  developmental  processes j  some  of  Uiem, 
indeed,  to  excEss  (§  339),  For  these  reasons,  Ae  topic  before  us  will  be 
passed-over  much  more  lightly  in  tlie  present  Treatise,  than  its  scientific 
importance  might  seem  to  demand ;  and  all  that  will  be  here  attempted, 
will  be  a  mere  sketch  of  the  mode  in  which  the  evolution  of  die  gi^nn 
^Jcee-place,  tliis  being  followed  in  the  irst  instance  as  a  whole,  whilst 
its  principal  organs  will  be  aflerwarda  sepaiately  considered  as  tliey 
successively  present  themselves, — This  sketch,  however,  will  serve  to 
Tsonvey  an  idea  of  the  nature  of  the  process,  and  to  illustrate  its  conformity 
in  Ufan  to  that  great  law  of  progress  /mm  the  gentntl  to  tht  special^ 
which  is  ec^ually  manifested  in  the  devdopment  of  every  other  OTganised 
being. 

763.  When  we  first  discern  the  primordial  cell  which  is  to  evoh*e 
itself  into  the  Human  organisin,  we  can  trace  nothing  tliat  esficntialiy 
distinguishes  it  from  that  which  might  give  origin  to  an^  other  form  of 
organic  structure,  either  Vegetable  or  Animal ;  its  condition,  in  liict, 
being  permanently  represented  by  the  humblest  aingle*celled  Plants  and 
Animals,  The  earliest  stage  of  its  development  consists  in  simpte  multi- 
plication by  MupUcative  subdivisioB,*  Bo  thafc  a  mass  of  cells  coraes  to  be 
produced,  amidst  the  several  components  of  which  no  diflerence  can  im 
traced ;  and  this  also  finds  its  parallel  among  the  simpler  organisms  of 
both  kingdoms.  Soon,  however,  this  homogeneous  condition  gives  rise  to 
a  heterogeneous  one ;  the  fiirther  changes  which  diiferent  parts  of  this  maaa 
undergo,  not  being  of  the  same  miifomi  character,  so  that  a  marking-oni 
of  organs  J  or  instrumental  parts  adapted  for  different  purposes  in  the 
economy,  comes  to  be  discernible.  The  organs  whose  distinctneaa  first 
becomes  apparent,  are  not  (for  the  most  part)  tliose  whicli  we  trac«  in  tlie 
completed  structure,  but  have  a  merely  temporary  character;  l>ein.g  e  vol  red 
either  as  a  sort  of  scaffolding  or  frame- work  ibr  the  building  up  of  lii<j 
more  permanent  parts,  or  with  a  view  to  the  nutrition  of  the  embryo 
during  ihe  evolution  of  these.  Although  the  first  indications  of  heterogt?- 
tieousness  in  (he  germinal  naass  are  of  nearly  the  same  kind  in  all  animals^ 
— consisting  in  the  formation  of  a  hlftstodefniic  mtmbrane  (comj^osed^ 
boweveri  of  nothing  else  than  layers  of  cells)  upon  its  e.vt^rior,  which 
s^res  as  a  sort  of  temporary  stomach,  whilst  a  large  part  of  the  included 
mass  undergoes  liquefaction,  and  ser\^es  as  the  nuU'ient  materiij  for  the 
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tiasuee  which  are  to  be  evolved  from  it, — ^yet  indications  are  very  speedily 
manifested,  of  the  primary  division  of  the  Animal  Kingdom  of  which  the 
new  being  is  a  member ;  thus,  in  the  case  of  the  Human  embryo,  as  of 
that  of  all  Vertebrated  animals,  the  first  outline  of  the  permanent  organi- 
zation is  shown  in  the  *  primitive  trace  '  which  marks-out  the  line  of  the 
vertebral  column  (Plate  II.,  Fig.  11);  and  in  this  we  very  soon  discern  the 
foundations  of  the  separate  vertebrae  (Fig.  12,  c).  But  there  is  nothing 
at  this  period  to  distinguish  the  germ  of  Man  from  that  of  any  other  Ver- 
tebrated animal,  this  early  part  of  the  developmental  process  being  carried- 
on  upon  the  same  plan  in  every  member  of  that  sub-kingdom;  and  it  is 
not  imtil  we  meet  with  indications  of  one  of  the  plans  which  are  peculiar 
to  the  respective  classes  of  that  sub-kingdom,  that  we  can  discover 
whether  the  germ  in  course  of  evolution  is  to  become  a  Mammal,  Bird, 
Reptile,  or  Fish.  So,  even  when  it  has  been  recpgnized  as  belonging  to 
the  Mammalian  class,  there  is  at  first  nothing  to  distinguish  it  from  that 
of  any  other  Mammal ;  and  it  is  only  with  the  advance  of  the  develop- 
mental process,  that  indications  successively  present  themselves,  which 
enable  us  to  distinguish,  one  after  another,  the  characters  of  the  order,  the 
family,  the  genus,  the  species,  the  variety,  the  sex,  and  the  individual, — 
the  more  special  features  progressively  evolving  themselves  out  of  the  more 
general^  which  is  the  expression  of  the  law  of  development  common  to  all 
Organized  beings. 

764.  With  l£is  progressive  alteration  in  the  condition  of  the  embryo 
itself,  a  very  remarkable  series  of  alterations  is  proceeding,  pari  passUj  in 
the  mode  in  which  it  is  supplied  with  nutrient  material,  and  in  the  pro- 
visions for  the  aeration  of  its  circulating  fluid. — The  first  evolution  of 
the  germ  takes-place  entirely  at  the  expense  of  the  yolk ;  of  which,  how- 
ever, the  store  contained  in  the  Mammalian  ovum  is  very  small.  The 
whole  of  this  is  very  speedily  incorporated  in  the  substance  of  the  germ, 
by  the  peculiar  process  to  be  presently  described ;  and  there  is  no  re- 
sidual store  of  *  food-yolk,'  such  as  that  which,  in  the  Bird,  serves  for 
the  nutrition  of  the  embryo  during  the  whole  remainder  of  the  deve- 
lopmental process,  by  being  gradually  absorbed  into  the  substance  of  the 
blastodermic  membrane,  and  there  converted  into  blood.  The  Mamma- 
lian ovum,  however,  from  the  time  it  reaches  the  Uterus,  is  furnished 
with  a  new  supply  of  nourishment,  in  the  fluid  secreted  by  the  Decidual 
membrane  (§  741);  and  for  the  absorption  of  this,  it  is  particularly 
adapted  by  the  villosities  which  develope  themselves  from  its  own  ex- 
ternal envelope.  These,  at  first  entirely  destitute  of  blood-vessels,  are 
subsequently  penetrated  at  a  certain  part  of  the  surface,  by  the  foetal 
capillaries  brought  to  them  by  an  organ,  the  Allantois,  which  is  deve- 
loped in  Birds  as  the  temporary  instnunent  of  respiration ;  and  thus  is 
originated  the  fcetal  portion  of  the  Placenta,  of  whose  formation  an 
account  will  be  presently  given  (§  771).  From  the  time  that  this  organ 
is  completed,  up  to  the  birth  of  the  Infant,  the  embryo  draws  its  nutrient 
materials  direct  from  the  maternal  blood,  though  not  receiving  that  blood 
as  such  into  its  own  organism ;  and  it  is  through  the  same  medium  that 
the  aeration  of  its  own  blood  is  effected,  its  pulmonary  apparatus  being 
as  yet  inoperative.  Its  circulating  system,  arranged  in  accordance  wiUi 
these  requirements,  presents  many  peculiarities  which  mark  its  JToBtal 
character ;  and  the  alteration  in  the  course  of  the  blood,  which  takes- 
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place  as  soon  aa  tlie  reipiratory  organa  come  ijito  play^  oonBtittites 

e^ential  diJFerence  between  iBtra-uterine  and  extra-titerine  life.  If^  i 
Bo^etimes  happens,  the  lunga  of  ihe  new-bom  infaat  ejcpind  but  miper- 
fe<:tly  or  scarcely  at  alK  the  circuliition  continues  to  be  carried  on  in  a 
greater  or  lass  degree^  upon  its  intni-uterine  plan ;  and  this,  when  llie 
placenta  is  no  longer  capable  of  mipplying  the  needed  aeinitian^  ii  incom^ 
patible  with  the  persifttence  of  life^ 

765.  Our  knowledge  of  Uxe  first  stages  of  the  deveJoptnenfcal  process  iiij 
the  Mammalian  orum  is  in  many  tesf>cct8  incompl<^te ;  and  it  is  reqiii 
flite  to  interpret  what  haa  been  obscure! j  eeen  in  the  ova  of  this  < 
by  the  clearer  views  derived  irom  observation  of  those  of  the  Ichrtci 
animals,  •^ — As  already  atated  (|  739)^  the  germinal  vtjsicle  disjApp 
at  or  alxiut  the  time  of  fecundation  ;  but  its  disappearanca  ia 
a  result  of  fecundation ^  since  it  also  tokes-pUce  in  the  unimpreg- 
nated  egg,  in  consequenee  (it  may  be  presumed)  of  tlie  compleCiait 
of  its  term  of  life,  and  of  those  operations  which  it  was  deYelapod  to 
peribmi,  Its  place  is  eeen  to  be  occopiedf  at  an  early  period  afier  fecuodji- 
tion,  by  a  new  and  jjeculiar  cell,  the  origin  of  which  is  obscure^  but  the 
iiestination  of  which  is  moat  imi>ortiuit ;  for  It  is  by  the  ^  duplicative 
subdivision*  of  this  cell,  first  into  2^  then  into  4,  then  into  8^  and  so  oo^ 
and  by  the  metamorphoses  which  its  progeny  undergo^  that  the  whole 
embryonic  fabric  is  gradually  evolved.  Hence  this  cell  may  be  tertned 
the  tinbn/o-celLf  At  the  same  time,  a  peculiar  change  begins  lo  tiiJce 
place  in  the  yolk,  the  whole  sphere  of  which  at  first  contracts,  ts  then 
marked -out  by  a  furrow  into  tivo  hemispheres,  and  is  at  last  comjj|<=tely 
divided  by  the  extension  of  this  fission  to  the  centre;  each  half  is  ag&in 
ftirrowed  and  then  cleft  in  tlie  siime  manner,  and  thus  the  entire  yotk  ifi 
broken  up  into  a  mass  of  segments  {Fig.  170).  This  *  se^meuUition' 
takes  fluce  pari  pa.HSii  with  the  multiplication  of  the  embryo-ceUs^  eacli 
of  which  is  surrounded  by  a  distinct  portion  of  the  yolk ;  and  there 
seems  every  probability  tJiat  it  is  determined  by  that  mnltipHcjition,  and 
that  each  cell  of  the  pair  tliat  is  formed  by  the  duplicatiYe  subdivision  of 
Its  predecessor,  draws  around  itself  its  proper  share  of  the  nutritire 

*  Jhe  reBearcbea  of  Riithke  "  On  the  Development  uf  the  Snnke,'*  1889,  »ad  of  ilii» 
Tort^iise,  1S48,— of  Kollikt^r  {"Mtilkr^s  ArcUiv,"*  1843,  p.  68)  iad  B^r^  ("!>» 
firolut.  BiroDgjLi  et  Atcatid>,  Di^^ft,  ronug."  ISil)  on  tlie  ovi  of  Eniasou,  -  V 
"  Eotwickelungvf  eschicbte  dea  Meiia^hetit"  lS61,^tbose  of  t.  Blr  **On  tJ. 
isicMt  of  tW  Fish,''  1835,— thoee  of  Mr.  Ncwi^ert  f  *' PMIm.  TmuBAd.;' 
Dtfge»  C' Rerfaercheii  but  les  Bivtr&cienfl,**  1835)  on  tba  ovft  of  BolmfAiei. 
Blscliuff  (^'  Entwickelnugsgeechicfate  de*i  ilunde-«ies,"  1845)  oa  the  Of&  of  tL  j  / 
tbofi«  of  Remnk  on  |be  Yertebmta  (**  rntcmftcb,  ^ber  die  Entw irkd.  d«r  Wii  beUh<«rv,**  | 
Be  din,  1555), — of  Reich^H  oa  the  QuiD^-pi^  ('*  Bei^ftgic  ear  Eoewickelun^iigesichi^htt  J 
d«3  MearaQ:hweincheDii*')i  MopaLBberictit  d.  Aknrl.  Berlin,  1^60,^^ — ^f  Lenck&rl  ovnt&iai^l 
in  Wagaer'«  "  Ilandworterbuch  der  PbyBialogie,'^  art.  *Zeagang/*-  of  Allen  ThoijiioA  in  j 
the  Mt.  *Ornro,*  m  Ihe  supplementary  Toluiue  to  Todd's  *^  Cyclop,  of  AnAtotii/inil| 
fh jwdlogy, '  1859, — of  Hy^Iey  in  the  Croonian  Lecture  for  185^,  and  m  hli  "  l>6e«  ] 
tarn  on  the  ElemetitA  of  Domptirative  Aitatomj/'  1864, — and  la^ttlj  of  Ctjiste  (*'IIi«toLrW| 
0£n£r.  eiP^irtle.  du  DdveloppemeiiideHCorpa  Organ b4%**  1847*1 859)^iri  mm 
iiM»t  Yaldable  which  we  at  present  posBcas. 

f  The  ?uibryo-c«ll  laiia  uot  yot  been  clearly  mmlf)  out  In  the  HKminalimii  otum  ;  bui 
fb»m  the  confurmit;  of  the  iQhAequcnt  flppeaiaaeea  t«%  tbOBO  whicli  artfepti  In  the  o«b  «if 
Xh^  tower  uoiinala,  there  in  every  reoaon  to  boMev'c  that  the  formntioti  of  eiiher  ^  cmn* 
plete  cell,  or  of  a  nuclefitt  havhkg  tbc^  nnme  eMent[n1  cndownjent^  la  A  pritjimliiftrj  I 
the  cleavage  ©f  the  yalk. 
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Tuaterlal. — These  cbangee  take-place,  in  the  Miimmalian  Ovum,  during  its 
'transit  along  the  FaUopian  fcube  lo  l^e  uterus ;  so  that,  by  th@  time  of  its 


ProjrTi'-  ■  "   '  in  tho  Si'timejituHott  fif  fl^*  Yfifk  of  the  MommaHan  Ovum  i^a,  Hm  firat 

div^sLoD  iDtia  Lwa  li^tw;  b^  lubttlvblou  of  oaeb  h^tf  Into  two;  c,  furtbfliftiibdiviiJoiL^iiroduo* 
lag  munorotu  legmenli, 

arrival  there,  the  whole  cavity  of  tlie  Zona  pdhtcida  is  occupied  bj 
minute  spherules  of  yolk,  each  cotjtaiuing  a  traBspar^ut  voaiclei*  the 
aggregation  of  which  gives  it  a  mulberry- like  aspect  (Fig.  171,  a)^  and 


Fto,  171, 


LaixT  PtfMTP  In  t!io  Sp^fntation  <if  fkf  T^lk  of  tlie  llammjillKn  Ofrih  i — At  a  It  Mhnmu  the 
'mdlbernf-mcui'  rortnoa  by  the  minute  flubilrriniofi  af  the  vitelline  fpktr«iij  «l  ■lA.^rthflf 
iiM>nBK  bftR  hrouKht  iti  mtiaisx  iulo  contact  wJtb  the  vitelline  niaiibnuti%  i^nit  whkh  thft 
ipbemlei.  ure  [lattiMif<t, 

by  a  coiitiiuiance  of  the  same  proeees  of  snibdi vision,  the  component  la- 
ments l>ecoming   more  and  more  minute,   the  mass  coraes  to  present  si 
finely-granular  a.Hjject  (b).     A  rotation  of  the  yolk  at  this  period  was 
r observed  by  Dr,  Hansom  in  the  ova  of  the  Gasteroi5teui,  and  was  Boon 
Ififter  noticed  in  tlie  Pike  by  Reichert,  in  the  Frog  bj  Ecker,  and  subee^ 
Iqu^itly  in  the  Rabbit  and  Guinea-pig  by  Bischoff,     The  cause  of  thia 
I'vinffular  movement  is  still  unknown,  and  thougli  BisehofF  stated  that  he 
I  haa  seen  cilia  in  tJie  rabbit  on  the  outer  surface  of  the  yoUc,  he  was  un- 
able to  satisfy  himself  of  their  presence  in  die  guinea-pig. 

*  It  18  %  na  ntefwa  c^erlain  that  tliiE  vesiclij  ia  a  true  ccH  in  tlie  MADmaljaa  oviifu 
{&»  it  NHiiiia  etenrly  to  be  i a  the  ovnrD  of  manj  of  t%e  bwer  aDimnk)!  its  Ap|i«a»iice, 
wh«ti  liberated  fr^m  the  jullt^i^niDutes  vbieb  surrouad  it,  l^ebg  rather  that  ol  a  Ikt^,  or 
oii-globule. 
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70$.  At  this  Htage,  it  does  not  appear  that  the  several  s^menls  of  tJie 
yoUc  have  a  distinct  enveloping  membrane ;  but  lui  envelope  is  now 
formed  amtind  each  of  them,  converting  it  into  a  oell,  of  which  the 
included  vesicle  constitutes  the  nucleus,  and  of  which  the  portion  of  tlie 
yolk  suTTOundirig  this  forms  the  contenta.  Tliia  happena  tirst  to  tJje 
peripheral  portions  of  the  mass ;  and  as  its  cells  are  fiiUy  deveiopedj 
the  J  arrange  themselves  at  ttie  surface  of  the  yolk  into  a  kind  of  mem- 
brane^  soad  at  the  saiDe  time  aasiiine  a  pentagonal  or  hexagonal  ahape 
from  mutual  pressure,  so  as  to  resemble  pavement-epithehum  (Plate  L, 
Fig.  5),  As  the  globular  niaaaea  of  the  interior  are  gradually  convertied 
into  cells,  they  alBO  pass  to  the  surface  and  accumulate  there,  thus  tn- 
creasiug  the  thickness  of  the  membrane  already  formed  by  the  more 
superficial  layer  of  ceUs,  while  the  central  part  of  the  mass  remains  occu- 
pied only  by  a  clear  fluid*  By  this  means  the  exterior  of  the  yolk  ia  ' 
speedily  converted  into  a  kind  of  secondary  vesicle,  situated  witbiti  the  J 
Zona  peUucida-,  and  named  by  Biachoff  tlie  Maslodenfiic  vm^ie.  This  I 
vesicle,  very  soon  afler  its  formation,  presents  at  one  point  an  op&que,  at 
first  hemispherical,  but  subsequently  discoid  mass  (Plate  L,  Fig.  5), 
which  is  produced  by  an  accumulation  of  the  original  segmentary  sphere 
that  have  not  yet  been  developed  into  cells  like  the  rest  of  the  yolk  maau 
The  blastodermic  vesicle  increases  rapidly  in  stre,  and  becomes  filled  ! 
with  fluid  furnished  by  the  uterus^  When  it  has  attained  to  f '"  in  the  I 
ovnm  of  the  Eabbit,  a  round  spot  b^ins  to  be  distinguieihed  by  its  white  ' 
opaque  appearance ;  thia  is  the  Area  gemiinativa  (Plate  I.,  Fig,  6)<  The 
Jutea.  germinativa  continually  increa^s  in  extent  and  thickness  by  Uie 
formation  of  new  cells ;  imd  subdivides  into  layers  (Plate  I.,  Fig.  7), 
which,  although  both  at  first  composed  of  cells,  soon  present  distinctive 
characters,  and  are  conceined  in  very  different  ulterior  operatione.  Whilst 
this  is  progressing  the  fine  membrane-  covering  and  enclosing  the  blasto- 
dermic  vesicle  b^rns  to  show  email  mammiltary  eminences,  whence  the 
name  which  has  been  suggested  for  this  membrane,  of  Chorion  priftutiviiin 
or  Memhrana  ovi  externa*  The  ovimi  at  this  period,  tlierefore,  consists 
ot  the  ejrtemal  vDlous  membrane  or  primitive  chorion ;  of  the  blmsto- 
dermic  ymde,  composed  of  two  layers;  and  of  the  cellular  yoJk.  The 
divisioti  of  the  blastodermic  vesiGle  into  two  labors,  is  at  first  most 
evident  in  tlie  neighbourhood  of  the  Ar^a  genmntttiva  ;  but  it  soon 
extends  from  this  point  and  implicates  nearly  the  whole  of  tlxe  gcimufiaJ 
membrane.  The  outecr,  or  as  it  has  sometimes  been  termed,  the  serous 
layer  of  the  blastodermic  vesicle,  remains  single,  but  tlie  inner  or  mucouM 
layer  soon  subdivides  into  two  other  laminsp,  of  which  the  more  ^-xt^mfU 
{^h  Fig.  172)  is  composed  of  several  strata^  whilst  the  internal  {dd) 
resembles  an  epithelium,  and  is  called  the  glandular  layer* 

767,  The  Area  Germinativa  at  its  first  appearance  has  a  rounded 
form ;  but  it  soon  loses  this,  first  becoming  oval^  and  then  pear-sliajied  1 
(Plate  II.,  Fig.  11).  While  this  change  is  taking-place  in  it>  ibcr^ 
gradually  appears  in  its  centre  a  clear  space,  termed  the  utta  pdtHeida  (a)  ; 
and  this  ia  bounded  externally  by  a  more  opaque  circle,  M*hoso  opacity 
is  due  to  the  greater  accumulation  of  cells  and  nuclei  in  that  part  than  in 
the  ai'ea  pellucida*  The  first  appearance  of  the  embryonic  slruciure^ 
known  as  the  primitive  trace ^  consists  in  a  shallow  groove  (c,  Plate  11., 
Fig,  1 1,  and  Pv^  Pig,  172),  lying  between  two  masses  (6,  Plato  XL,  Fig.  1 1, 
and  Rf  and  m,  Fig.  172),  knoim  as  the  himitim  dormden^  whoso  form 
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TransYene  sectiou  through  the  Emhtyo  ^  <&«  CJUek  at 
the  doM  of  the  fint  day  of  incabatlon,  magnified  abont  100 
diameters : — eh,  chorda  dorsalia ;  k,  external  aerons  or  corneal 
layer;   m,  medullarr  portion  of  lerons  lajer;   Fv,  prfanitiTe 

OTe  between  the  ooraal  laroins  ^fwad  m ;  dd,  Inteettnal  epi- 
al  or  glandalar  layer  (mucooa  layer)  ^  nwp,  prevertebral 
maae.  in  which  the  primary  or  protoTertebra  are  formed,  and 
which  ii  contlnnooB  with  the  micddle  f     '  '   ' 


,  «p ;  uwk.  fitsore  in 
the  middle  lamina,  presenting  the  flret  indii-auon  of  the  pleoro- 
peritoneal  cavity,  and  of  the  sabeequent  divi^n  of  the  middle 
lamina  into  two  layera. 


changes  with  that  of  the  area  pellucida,  being  at  first  oval,  then  pyri- 
form,  and  at  last  be- 
coming guitar-shaped;  Fio.  172. 
they  also  rise  more  and 
more  from  the  sur&ce 
of  the  area  pellucida, 
BO  as  to  form  two  ridges 
of  higher  elevation,  with 
a  deeper  groove  between 
them  ;  and  the  sum- 
mits of  these  ridges  tend 
to  approach  each  other, 
and  gradually  unite  from 
before  backwards,  so  as 
to  convert  the  groove 
into  a  tube.  At  the 
same  time,  the  anterior 
portion  of  the  groove  dilates  into  three  recesses  or  vesicles  (Plate  II., 
Fig.  12,  b),  which  indicate  the  position  of  the  three  principal  divisions 
of  the  Encephalon,  afterwards  to  be  developed  as  the  prosencephalon^ 
the  mesencephalon,  and  the  epencephalon  (§  789).  Of  the  three  blasto- 
dermic layers,  the  upper  or  external  one  (A)  furnishes  by  its  median 
portion  (Rf,  m),  the  central  parts  of  the  nervous  system,  together  with  the 
higher  organs  of  sense — sight,  hearing,  and  smell;  and  by  its  lateral  portion 
{h),  which  KoUiker  calls  the  corneal  layer  (homblatt),  the  epidermis  and  all 
epidermic  tissues.  From  the  innermost  layer,  dd,  the  epithelial  layers  of  the 
intestinal  tube  and  of  all  the  glands  connected  with  it  are  developed ;  whilst 
the  middle  layer,  sp,  at  first  simple,  soon  becomes  divided  into  several  strata, 
in  which  the  bones,  the  muscles,  the  generative  organs,  and  all  vascular 
parts  with  the  exception  of  the  central  nervous  system,  are  developed. 

768.  Before  these  new  structures  are  produced,  a  very  remarkable 
change  takes-place  in  that  part  of  the  blastodermic  vesicle  which 
surrounds   the   area   pellucida,  the 


corneal  or  outermost  lamina  (q/) 
Fig.  173),  imiting  with  a  portion  of 
the  middle  parietal  layer  {hp), 
and  rising  up  on  either  side  in  two 
folds  (Fig.  176,  d,  e) ;  these  gra- 
dually approach  one  another,  and 
ultimately  meet  in  the  space  be- 
tween the  general  envelope  and 
the  embryo,  thus  affording  an  addi- 
tional investment  to  the  latter  (Fig. 
174).  As  each  fold  contains  two 
layers  of  membrane,  the  investment 
thus  formed  is  double ;  of  this, 
the  outer  lamina  adheres  to  the 
general  envelope ;  whilst  the  inner 
remains  as  a  distinct  sac,  to  which 
the  name  of  Amnion  is  given.  This 
takes- place  during  the  third  day  in 
the    Chick ;    the  date  at  which  it 


Fio.  173. 


Tranarerse  section  of  the  Emirwo  qf  a 
Fowl  at  the  beginning  of  the  thira  day  of 
incubation  X  90— 100 :  — cA,  chorda  doraalia; 
wwh,  poeition  of  a  thinning  or  cavity  in  the  pro- 
tovertebral  maaa,  dividing  it  into  an  anteirior 


and  poeterior  portion:  kp,  parietal  lamina;  4f^ 
intestinal  flbrons  lamina;  dd,  intestinal  glan- 
dular  lamina;  <ir, primitive  intestinal  groove; 
h,  corneal  lamina,  (the  line  in  the  drawing  ex- 
tending a  little  too  fkr) ;  mr,  medullary  tabe 
(spinal  cord) ;  m,  mnscnlar  lamina;  />,  pleoro- 
peritoneal  carity;  qf,  fold  of  the  amnios;  ao, 
primitive  aorta;  re,  vena  cardinalis:  un,  wolf- 
nan  body ;  unff,  dnct  of  the  Wolffian  boc^. 
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occurs  in  the  Human  ovum  is  difficult  to  l>e  asc^taiiied,  owing  to  tfie 
emali  numl>er  of  normal  speeimens  which  have  come  under  obs^rrmtion 
|fj(^  jjl_  at  a  sufficiently  eaHj  stage.     A  micro- 

scopic exam  1  nation  of  the  Amniotic  mem- 
brane in  the  Human  subject  shows  that  it 
consists  of  an  inner  layer  of  tesselatcd  epi- 
thelium, and  an  outer  layer,  which  e%^en 
at  the  fonrtli  week  presents  spindle- 
formed  corpuficles,  and  at  the  seventh 
week  has  become  well-marked  connective 
tissue.  In  some  animals  it  is  pi-ovided 
with  muscular  fibres,  and  peHbrms  dis- 
tinct movements ;  but  it  never  in  any 
species  poaseBses  pro|>er  vessels.  Tlie 
Amnion  is  directly  continuous  with  the 
skin  of  the  embryo. 

769.  A^  the  development  of  the  em- 
bryo progresses,  the  walla  of  the  abdo- 
men and  the  coats  of  the  intestines 
begin  to  be  formed  by  the  bending 
downwards  and  forwards  of  tlie  hUeml 
portions  of  tlie  blastodennic  reside.  In 
Fig.  174,  the  mode  of  de\*eIopment  of  the 
abdominal  cavity  is  seeOi  its  parietei  being 
formed  by  tlie  external  or  parietal  pcirtion 
of  the  middle  lamina?  (hp)^  whilst  within 
it  the  deep  groove  of  the  intestines  (f/)  ap* 
pears,  the  walls  of  which  are  compoeed  of 
two  laminae }  tlie  intestinal  fibrous  Imntiui 
(df)y  and  the  intestinal  glandular  layer 
(rf),  passing  into  the  corresponding  laminae  of  the  blastodermic  vesicle,  which 
alr«idyform  the  vitelline  sac.  The  incipient  intestine  is  maintained  in  iu 
place  by  the  mesentefy,  which  begins  to  be  formed  out  of  a  prolongatjon 
of  the  mass  lying  in  front  of  the  chorda,  dorsafis,  in  which  He  the  now 
imsymmetrical  aorta  (sa)  and  the  cardinal  vein  (yc),  and  which  b 
obviously  only  a  thickened  portion  of  the  connecting  band  l>etweeo 
the  parietal  lamina  and  the  intestinal  fibrous  layer  {mp.  Fig.  100)  — 
— During  the  same  periofl^  a  VBry  important  provisicui  for  tlie  future 
support  of  the  embryo  begins  to  be  made,  by  the  development  of 
Blood-vessels  and  the  formation  of  Blood.  Hitherto,  the  embryonic 
fllaructure  has  been  nourished  by  direct  absorption  of  the  alimen- 
tary materials  supplied  to  it  by  the  yolk  ;  but  its  increasing  fiijte,  and  the 
necessity  for  a  more  free  communication  l>etweon  its  parts  than  any 
structure  consisting  of  cells  alone  can  permit,  call  for  the  devolopnient  of 
vesstis  through  which  the  nutritious  fluid  may  be  conveyeil.  Tli^Bt? 
vessels  are  first  seen  in  tliat  part  of  the  Vascular  lamina  of  the  jr^nnina! 
membrane,  which  immediately  surrounds  the  embryo*  In  their  earliest 
stage  of  development  these  vessels  appear  as  two  arcm  aoHa^,  prt»ce^ng 
from  the  anterior  part  of  the  heart,  that,  after  a  short  course  in  the  for- 
ward direction,  bend  downwards  and  backwards  to  unite  in  a  single,  sliort, 
unsymmetrical  aortic  tubej  from  which  again  two  branches  ahnosl  imme^ 


TrtkQBTcne  atfuUun  madt  llirtmffh  the 
bt>d;  ^  tbB  Smitffimiif  Fovf,  ueu  tiie 
umbilictu  on  the  filUi  ^j  ot  Ineobir 
tioD :  —  «A»  JihoCli  of  th«  eborUs  j  k, 
^orn^al  UminRj  am,  unmiot  oomplotely 
elofed;    io,   MCondJw'jf  aorta,  j    *^,  cwn* 

gftiilflion ;  c,  antchnr  root  at  thd  kplDSl 
nerve:  hp,  poA&Vai  Itanm^;  np^  pTolonj»> 
tion,  of  the  pfotoTerl«brft  liitt>  the  i^bdon 
Tnliml  wiJl]  ( proto  vertc^bml  1  Eunin  [i,oriiemiik, 
TfAc^rml  lamina  of  Beicbt'rt) ;  hh^  prtmLtlTfl 
wmll  of  the  ibdom^D^  comixHnl  of  the  €X- 
t«mA]^  tafoni,  m  nomeal  tutihia,  vndot 
the  puiftal  limfnii  t  itfi  iunini  in  if hiejn 
the  flbfooi  mombfrnoBs  of  Ihe  intciitliiei 
■n  derdopedt  d,  LntcstLual  fflindulftr  Id^er, 
'!%«  man  nrfnind  the  chorda  li  that  In 
If  htob  tb$  protorertohr^  tn^  dE^eloped ;  It 
eoolalni  the  voum?];*  uitciiorlj,  and  In 
fVont,  In  th&  middlfl  lino,  u  prolotiffwi  a« 
fchflmeicnteiy. 
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diately  arise,  the  artertw  vertehrales  posteriareSj  or  primitiTe  aorte.  These, 
lying  beneath  the  chorda  dorsalis,  extend  to  the  posterior  part  of  the  body 
of  the  embryo,  dividing  ultimately  into  the  omphalo-mesenteric,  meseraic, 
or  Vitelline  vessels  (Figs.  181,  182,  q,  r),  which  form  a  close  network^ 
bounded  by  a  circular  channel  termed  &e  Vena  or  Sinus  terminalis^ 
This  network  or  vascular  area  (Plate  II.,  Fig.  13)  soon  extends  itself, 
and  the  vessels  finally  spread  over  the  whole  of  the  membrane  that  con- 

Pio.  175.  Pio.  176. 


Fig.  176.— Plan  of  early  UUrius  Ovum,  Within  the  external  ring,  or  xona  peUodda*  wee 
the  serous  lamina,  a;  the  yolk,  b ;  and  the  incipient  embryo,  c. 

Fig.  170.— Diagram  of  Ovum  at  the  commencement  of  the  formation  of  the  Amnhm  :—a,  cho- 
rion ;  6,  yolk-eac;  c,  embryo;  tf,  and  #,  folds  of  the  serous  layer  riaing^op  to  form  the  a 


tains  the  yolk.  At  the  anterior  part  of  the  embryo  the  two  extremities 
of  the  circular  channel  form  the  Venae  omphalo-mesentericcBy  which  dis- 
charge their  contents  into  the  back  part  of  the  heart. — ^At  this  period 
the  Yolk-sac  is  entirely  separated  in  the  Mammalia,  by  a  constriction 
of  the  portion  which  is  continuous  with  the  abdomen  of  the  embryo 
(Fig.  180,  b) ;  and  it  is  known  from  that  time  under  the  name  of  the 
Umbilical  Vesicle  (Plate  I.,  Fig.  10,  t).  The  commimication,  however, 
remains  open  for  a  time  through  the  *  vitelline  duct ;'  and  even  after  this 
has  been  cut-off,  the  trunks  which  connect  the  circulating  system  of  the 
embryo  with  that  of  the  vascular  area  are  discernible.  The  two  first 
veins,  then,  that  are  developed,  are  the  Venae  omphalo-mesentericae,  which 
belong  not  to  the  body  of  the  embryo  itself,  but  to  the  germinal  area,  and 
open  by  a  short  tube  common  to  both  into  the  posterior  extremily  of  the 
Heart  (Fig.  177,  i,  om).  Subsequently  by  the  extension  of  their 
branches  over  the  yolk-sac  they  become  tie  vitelline  vessels,  still 
opening  by  two  veins  into  the  heart.  With  the  formation  of  the 
intestine,  however,  the  vessel  of  the  right  side  disappears,  the  left  alone 
remaining  (Fig.  177,  2,  omf^),  which  is  soon  joined  by  a  small  mesen- 
teric vessel  from  the  intestine  (Fig.  177,  3,  m).  Before  this  is  accom- 
plished, however,  the  Allantois  has  been  developed,  from  which  two 
Venae  umbilicales  pass  forwards  and  open  into  the  common  trunk  of  the 
Venae  omphalo-mesentericae  (Fig.  177,  i,  wV).  The  Venae  umbilicales 
rapidly  increase  in  size,  preponderating  so  much  over  the  only  remain- 
ing Venae  omphalo-mesenterica,  into  which  they  originally  discharged 
their  contents,  that  the  latter  now  appears  to  be  merely  a  tributery 
branch.  As  the  Liver  becomes  developed  it  surrounds  the  trunk  of 
the  umbilical   vein  (Fig.  177,  3),  which  soon  forms  a  twofold  system 


im 
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of  tulyes  witljin  that  gland,  tlie  one  conTeyiog  the  "blotMl  to  the  liver,  tM? 
Veu©   hepalicae   advebectes;    the   others   return    the   blood    from    ih#- 

gtftiid  gabatance  to  the  xua- 
bilicfd  vein  ngnin^  constitut- 
ing the  Venie  Iiepaticffl'  reve- 
hentes.  The  right  mnbilical 
rein  now  disappears,  mid  the 
blood  returning  from  the  [dii* 
oenta  aStogetlier  traverses  the 
lefi*  vein,  which  soon  tnkee  ap 
a  median  position ;  the  re- 
mains of  the  omphido- mesen- 
teric Yeaa4*l  (ofti^  Fig.  177, 
4),  together  with  branches 
(i?i)  derived  from  the  Intes- 
tine, ultimately  come  to  open 
into  the  right  Vena  htpaixui 
advehetis  of  the  unibtlic^ii 
vein,  and  thus  constitute 
the  origin  of  the  portiil 
vein.  That  portjoti  of  the 
umbilical  vein  which  lies 
betweea  the  two  systems  of 
hepatic  branches  juat  men- 
tioned, renmins  throughout 
the  whole  of  foiUiI  life,  mid 
IB  termed  the  Ductus  venosus 
Arantii*  It  was  formerly 
l>elieved  that  the  nutrieat 
mutter  of  tlie  jolk  passes 
directlj  through  the  vitelline 
duct,  into  the  (futiu'e)  di- 
gestive cavity  of  the  embryo, 
and  is  from  it  a-bsorbt^d  it* to 
its  structure ;  but  tlif  re  mm 
now  be  little  doubt,  tlxat  th^ 
vitelline  vessels  are  tbe  roid 
agents  of  ita  absorption^  und 
that  they  convey  it  thfou^ 
thegeneml  circulating  system, 
to  the  tiBSues  in  process  of  formation.  Tltey  correspond,  in  ikct,  to  the 
Mesenteric  veins  of  Invertebrated  animale,  which  lire  the  sole  agents  in 
the  absorption  of  nutriment  from  their  digestive  cavity ;  and  the  bkato* 
dermic  vesicle  is  to  be  regarded  as  the  temporary  stomach  of  the  Gmhryo^ 
— remaining  as  the  permanent  stonmch  in  the  Bidjiited  tribes,* 

*  Preyiously  to  tbe  niath  diiy  of  InimlAtioa  {m  the  F^vYa  egg),  ft  lenea  €if  folds  mz9 
forn^ed  bj  the  lining  inembraDe  of  tbe  yolk-lxig,  nrfaich  projoot  mto  its  cftvltf  ;  ihism 
become  giMuidly  deeper  and  mote  ci^fFd«d,  aa  the  bog  diminishea  in  ut&  by  ibemhsoq)- 
ttoa  of  it!  <!oat«at««  Tbe  ^it«]li[i«  ves^Uthat  ramify  nixm  the  yolk- Irag,  ae&d  inWibew 
fetde  (or  raWuIr^  conniventcal  n  B«;nes  of  ino^ulnting  loops,  which  immetiAaij  bicmat 
the  «rtent  uf  iIjIb  absorb  lug  Ap[>amtu«.  But  these  tnietite  venek  vn  not  ia  isiinediate 
eofitact  with  the  yolk  ;  for  theirc  int^rreiiea  b^tv^eoo  them  (as  warn  int  nolioei  bj  iCr« 


rHLngTflza  of  the  fonnatlou  of  ilie  Tfjuw  OTnpkttlo-mi  mm- 
t^9rictr  mid  Umbtliealnt^t,  M  tJjq  Ume  of  the  fifii 
HppovTiiDce  of  the  nmbllictlei  uid  the  commenccmcot  af 
tbf]  ofnpbji]o-ii]«iieDted««k  2.  At  the  time  ot  the  nnt 
niti«ftruuiii  of  the  bfanchn  to  sod  from  the  Wver,  snd  Xh$ 
dlmbmtioa  of  the  omptulo-meventotie  vkh^Is.  \  i.  A I 
the  partod  of  ooanplfltt  fatiJ  pinulKtioD  lu  I,  omphAlo- 
mniETitfTfC  tftuilc ;  Gi  3^  3^  itioaaina  of  Hi  in  \  vtiu  <tf  rbo 
jslkHiiifi  aJone;  a*'  riffht  f>nd  ttm"  kft  vein  oniphiilo- 
lii£««[it<Tic» ;  K,  tniitk  of  the  uinbilicol  vrin ;  u  right 
mad  «"  left  vena  umbilical  in ;  dc,  di]if-tu»  Covieri ; 
jj  JufnIjiRR;  {fjCAnliisalSB;  /Jiver-  ha,  hep^iltMs^  advehentet; 
A^r/hep«ticH9  rc?tihimt»);  jv,  mcfeiitcricie;  da^  dvcUm 
VDfUHiu  Ai«tittit  H,  cAva  InfiBciorj  ji,  ve&a  porto  j  £,  LUn^ 
11* ;  m,  maieatidilcm  luperloT* 
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770.  The  first  rudiment  of  the  Heart,  which  is  the  earliest  of  the  per- 
manent organs  of  the  embryo  that  comes  into  Ifunctional  activily,  consists 
of  an  aggregation  of  cells,  forming  a  thickening  of  the  fibrous  coat  of  the 
anterior  portion  of  the  intestinal  canal ;  the  innermost  cells  of  which 
becoming  detached,  fioat  in  the  newly-formed  cavity  as  the  first  blood- 
corpuscles,  whilst  the  outer  remain  to  constitute  its  walls.  For  a  long 
time  after  it  has  distinctly  commenced  pulsating,  and  is  obviously  exerting 
a  contractile  force,  its  walls  obviously  retain  the  cellular  character,  and 
only  become  muscular  by  a  progressive  histological  transformation.  The 
first  appearance  of  the  Heart  in  the  Chick  is  at  about  the  27th  hour ;  the 
time  of  its  formation  in  Mammalia 

has  not  been  distinctly  ascertained.  Fio.  178. 

In  its  earliest  form,  it  has  the  same 
simple  character  which  is  presented 
by  the  central  impelling  cavity  of 
the  lower  Invertebrata;  being  a  mere 
prolonged  canal,  which  at  its  pos- 
terior extremity  receives  the  veins, 
and  at  its  anterior  sends-forth  the 
arteries.  About  the  15- 18th  day 
in  the  Hiunan  Embryo  it  becomes 
doubly  bent  upon  iteelf  (Plate  H.,       ^  H«rtofa.BW^^.B,M«.lfr,„ 

Fig.  13,  a,  and  Fig.  178,  a,  b),  one      beAn«:— te,tnineDfuterionu;{,Mt  TOitilcl.: 

loop  corresponding  to  the  arterial,  the    ''Ji^JSSStoJSS&'fi.'SM^^ 

Other  to  the  venous   portion.      Aflier     omphalo-metcnterlcw;  <l,  right  roride;  «^  bal- 

this,  two  slight  enlMgement«  (6)  ^,^^f'^ '^'"^  »^: '.'^^i 
are  observed    in  the  venous  bend ; 

and  the  arterial  bend  separates  into  two  parts  by  a  long  line  of 
division.  The  two  enlargements  represent  the  auricles,  and  receive  the 
venae  omphalo-mesentericie  (a).  Above,[they  open  into  the  atrium  (c),  which 
leads  to  the  right  ventricle  {d),  and  this  again  into  the  bulbus  aortae. 
The  circulation  is  at  first  carried-on  exactly  upon  the  plan  which  is  per- 
manently exhibited  by  Fishes.  The  Aorta  subdivides  on  either  side  of 
the  neck  into  five  or  six  arches  (Figs.  181,  182,  e,  e',  e"),  which  are 
separated  by  fissures  much  resembling  Qiose  forming  the  entrances  to  the 
gill-cavities  of  Cartilaginous  Fishes ;  and  these  arches  re-imite  to  form 
the  descending  aorta,  which  transmits  branches  to  all  parts  of  the  body. — 
Such  is  the  first  phase  or  aspect  of  the  Cu-culatiDg  Apparatus,  whidi  is 
common  to  all  Vertehrata  during  the  earliest  period  of  their  development, 
and  which  may,  therefore,  be  considered  as  its  most  general  form.  It 
remains  permanent  in  the  class  of  Fishes ;  and  in  them  the  vascular  system 
undergoes  further  development  on  the  same  type,  a  number  of  minute 
tufls  being  sent-forth  firom  each  of  the  arches,  which  enter  the  filaments 
of  the  gills,  and  are  thus  subservient  to  the  aeration  of  the  blood.     In 

Dalrymple)  a  layer  of  nucleated  cells,  which  is  easily  washed  away.  (See  Dr.  Baly's 
TraDsIation  of  "  Mailer's  Physiology/'  pp.  1557-1559.)  It  was  from  the  colour  of  these, 
commanicated  to  the  vessels  beneath,  that  Haller  termed  the  latter  vcua  lutea;  when 
the  layer  is  removed,  the  vessels  present  their  niiaal  colour.  There  seems  good  reason 
to  believe  that  these  cells,  like  those  of  the  Intestinal  Villi  in  the  adult  (§  106),  are  the 
real  agents  in  the  process  of  absorbing  and  assimilating  the  nutritive  matter  of  the  yolk ; 
and  that  they  deliver  this  up  to  the  vessek,  by  themselves  undergoing  rupture  or  dis- 
solution, being  replaced  by  new  layers. 


m  gekieation: — ^embatoktc  develofmeist. 


higher  Vertebrata^  however,  the  plan  of  die  cii^uliitioii  k  ailerwii 
entirely  changed,  m  will  he  presently  described^  by  t!ie  (brmatioEi  of  new 
cavities  in  th^  heart,  and  by  tlie  production  of  new  vesaels  ;  it  k  incorreel, 
therefore,  to  speak  of  the  vasctdar  arches  in  thnr  necks  as  branchtai 
arches,  aince  no  branchiee  or  giUs  are  ever  developed  from  them.  Tho 
clefts  between  them  may  be  very  distinctly  seen  in  the  Hnmaa  Foetus 
towards  the  end  of  the  first  mondi ;  dming  the  second^  they  usuallir  close* 
up  and  dififtppear. 

771.  Witli  the  evolution  of  a  Circukting  apparatus,  adapted  to  absorb 
FiQ.  17^*  Fie.  ISO, 


Fljf.  17ft.— DiiMiTnm  of  an  tnrlj  Numim  Ottisi*  showing  thu  Amniom  In  i  

atid  ttiD  AUtfM^toii  begintiLug  to  Appear  .—-ix,  cboriun ;  i^,  fiLclline  inut  iiUToaHided  In- ttii 
blftstofiemtk  vc«fc1ic ;  t^,  cmbnra;  4.  f,  ttntlf^  citernol  pikd  tatcmul  fi>lds  of  the  tooiu  u^«rr 
forming  tlie  amnion  t  g^  iiuHpki]!  aHaotol*. 

Fiff.  ISO.—liiRjirrani  of  u  Jfnmiin  Qnim  Ln  ii«t>ond  montk,  showing  the  4Hjmr>li^tion  of  the  He 
of  the  Jm»um,  uml  ]i  furthiT  devi'lopiiK^t  of  lh«  Allasioig  .'—a  1,  iiuofilli  portkm  of  chnrik»} 
a^iTilloufl  partSoii  of  chorion;  k,  Jb,  eloni^ii^pd  riMl,  begfnJilng  t4  o&Uect  into  FUc^otiii  h, 
filelUuo  or  urn  hill  eat  T(<«ioIc£  c,  emhtjf^i/^  unDitm  (iimer  Iftjef))  g,  ftttuntuLs ;  1^  outer  li^«r 
afjiiQnioii|  eoolesem^  with  chorioii. 

nourishment  from  the  store  prepaTed  for  die  use  of  tlie  Embryo,  and  tu 
convey  it  to  its  different  tissues,  it  becomes  necessary  that  a  Respir&tory 
apparatus  should  also  be  provided,  for  depurating  the  blood  Grom  the 
carbonic  acid  with  wliich  it  becomes  charged  during  the  course  of  its 
circulation.  The  temporary  Respiratory  apparatus  now  to  be  described, 
bears  a  strong  reaerablance  in  its  own  clxaracter,  and  especially  iu  its 
vascular  connections,  to  the  gills  of  the  MoUusca ;  which  are  prolonga- 
tiona  of  the  external  surface  (usually  near  the  termination  of  the  intestiuiiJ 
canal),  and  which  almost  invariably  receive  their  Teasels  from  that  jjart 
of  the  system*  This  apparatus,  which  is  termed  the  AHantois,  sprouts* 
forth  fixirn  tlie  anterior  and  lower  part  of  the  wall  of  the  belly  of  tlie 
embryo,  at  first  as  a  little  mass  of  cells,  which  soon  e^chibite  a  cavity 
(probably  originating  in  the  liquefaction  of  tlie  cells  of  the  internal  piut i^^ 
BO  that  a  vesicle  is  formed  (Figs.  179,  180,  ^),  which  looks  like  a  diveitiJl 
culum  from  the  low^  part  of  the  digestive  cavily.  This  vesicle,  in  Hirda^^ 
has  been  shown  by  Vulpian*  to  be  possessed  of  a  distinct  contractile  power, 
and  soon  becomes  so  large  as  to  extend  itself  around  tlie  whole  yotk-^c, 
intervening  between  it  and  tlie  membrane  of  the  shell,  and  coming  thix>iigh 
the  latter  into  relatioD  with  die  external  air ;  but  iii  the  embryo  of  Mitm- 

♦  *' Journ.  de  la  Phfuiubgie,^'  torn.  L  p,  610  H  stq. 
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malia,  the  allantois,  being  early  superseded  by  another  provision  for  the 
aeration  of  the  blood,  seldom  attains  any  considerable  dimensions.  Its 
chief  office  here  is  to  convey  the  vessels  of  the  embiyo  to  the  Chorion ; 
and  its  extent  bears  a  pretty  close  correspondence  with  the  extent  of  sur- 
&Lce  through  which  the  Chorion  comes  into  vascular  connection  with  the 
decidua.  Thus,  in  the  Camivora,  whose  placenta  extends  like  a  band 
around  the  whole  ovum,  the  allantois  also  lines  nearly  the  whole  inner 
surface  of  the  chorion ;  on  the  other  hand,  in  Man  and  the  Quadrumana, 
whose  placenta  is  restricted  to  one  spot,  the  allantois  is  small,  and  conveys 
the  fcet^  vessels  to  one  portion  only  of  the  chorion.  When  these  vessels 
have  reached  the  chorion,  they  ramify  in  its  substance,  and  send  filaments 
into  its  villi ;  and  in  proportion  as  these  villi  form  that  connection  with 
the  uterine  structure  which  has  been  already  described  (§§  744,  745),  do 
the  vessels  increase  in  size.  They  then  pass  directly  from  the  foetus  to 
the  chorion ;  and  the  allantois,  being  no  longer  of  any  use,  shrivels-up, 
and  remains  as  a  minute  vesicle  only  to  be  detected  by  careful  examina- 
tion. The  same  thing  happens  in  regard  to  the  umbilical  vesicle,  from 
which  the  entire  contents  have  been  by  this  time  withdrawn ;  and  from 
henceforth  the  fcetus  is  completely  dependent  for  the  materials  of  its  growth 
upon  the  supply  it  receives  through  the  Placenta,  which  is  conducted  to 
it  by  the  vessels  of  the  umbilical  cord.  This  state  of  things  is  represented 
in  Figs.  181,  182,  w  n',  0  o'. — The  Allantois  is  commonly  said  to  give 
origin  to  the  Urinary  Bladder ;  but  this  organ  is  really  formed  by  an 
enlargement  of  the  upper  part  of  the  uro-genital  sinus  (§781),  with  which 
the  allantois  communicates  by  a  duct  which  gradually  shrivels,  only  a 
vestige  of  it  remaining  permanent,  to  form  the  Urachus  or  suspensory 
ligament  of  the  bladder,  by  which  this  is  connected  with  the  umbilicus. 
Before  this  takes-place,  however,  the  Allantois  is  the  receptacle  for  the 
secretion  of  the  Corpora  WolfHana,  and  also  for  that  of  the  true  Kidneys, 
when  they  are  formed  (§  779). 

772.  It  will  be  seen  from  the  succeeding  diagram,  that  the  Amnion 
forms  a  kind  of  tubular  sheath  aroimd  the  mnbilical  cord;  it  is  continuous 
at  the  umbilicus  with  the  integument  of  the  foetus ;  and  at  the  point 
where  the  cord  enters  the  placenta,  it  is  reflected  over  its  internal  or 
foetal  sur&ce.  It  thus  forms  a  shut  sac,  resembling  that  of  the  pleura, 
arachnoid,  &c. ;  and  it  contains  a  fluid,  known  as  the  liquor  amnti,  which 
consists  of  water  holding  in  solution  a  small  quantity  of  albumen  and 
saline  matter,  and  resembling,  therefore,  very  diluted  serum.  During 
the  first  two  months  of  gestation,  the  amnion  and  the  inner  lining  of  the 
chorion  (which  is  really  the  reflected  layer  of  the  amnion,  Fig.  180,  h, 
just  as  the  lining  of  the  abdominal  cavity  is  formed  by  the  peritoneum) 
are  separated  by  a  gelatinous-looking  substance ;  which  probably  aids  in 
the  nutritiqn  of  the  embryo,  previously  to  the  formation  of  the  placenta. 
This  is  absorbed  during  the  second  month ;  and  the  amnion  is  then  found 
immediately  beneath  5ie  chorion. — In  the  Umbilical  Cord,  when  it  is 
completely  formed,  the  following  parts  may  be  traced.  1.  The  tubular 
sheath  afforded  by  the  Amnion.  2.  The  Umbilical  Vesicle  (Fig.  181,  t) 
with  its  pedicle,  or  vitelline  duct.  3.  The  Vasa  Omphalo-Meseraica  (q,  r), 
or  mesenteric  vessels  of  the  embryo,  by  which  the  yolk  was  absorbed  into 
its  body ;  these  accompany  the  pedicle.  4.  The  Urachus,  and  remains  of 
the  ADantois.     5.  The  Vasa  Umbilicalia  (»  n,  o),  which,  in  the  later 
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period  of  geatation,  constimto  the  chief  part  of  the  Cord.     Theee 
vesaels  comist  in  Man  of  two  arteries  and  one  vein.     The  arteriea 
tlie  mam  branches  of  the  Hypogastric ;  and  they  convey  to  the  pli 
the  blood  which  has  to  be  aeratad  and  otherwise  revivifiedj  by  ^     _ 
brought  into  rebitiou  witli  tliat  of  the  mother*     The  vein  returns  this  to 
¥m.  181.  Pw*  1S3- 


Flif.  ISl.^lHfl^am  of  tha  Clrcakllon  In  the  ITuiiiaii  Smbtyo  sud  Iti  Appmdt^^M,  &i  teen 
iujproiUe  ftom  tlic  ri^^ht  lide^  &t  the  «tnimencemoDt  of  tUo  formatiiati  ofthit  PLft^nih, 

Fig",  192, — Th£  RQiDf},  {II  seen  frijm  the  fruiiit  :■ — a^  venoOA  eIhoa,  receiving'  nil  tha  tf  ictciiilc 
v*>iii*;  b,  riitfht  nuricllp;  t',  k^fl  nmiele;  <■,  rijsrht  veotrlck;  r',  left  iri'ntrls?l« j  J,  biiLbiu  acirtii^n*^ 
KiilfdJviflih^  Lui'ti  f,  f\  r'*,  br^ui^hlal  ut(;\K!8;  S*!"*  ^'^^^^  trunkji  furmiml  by  UieLr  canftiit'Uiv;; 
fi,  tj\  vena  mjff'i^  tiDp^riDr;  k.  h'^  Qtn^idueDta  of  the  supt^rior  mid  Inl^rjor  ajygutjjf,  vetiA  trnvi^ 
itiititiuT  i  i\  k',  vi'tis  Aiyi^ott  infcm^t;  n,  deAPttidliif^  aort&j  n,  »,  ntnhlUeal  aTNrlA  imwstdinigf 
t^oiti  U;  df « c.i^  qiiiyiic^l  vi'inn;  4j,  oiikphaioNmHentedo  vein;  r*  omphftUMasMDNfie  uttfffa 
{ilAtritMiicd  uu  the  vtalit  of  the  vLtttllhie  reiifrle,  f  jT  f,  diifitui  vopwiia;  ^^  vltelUiie  dHwIt 
i,  ohorlotiu 

the  fuutiif}^  and  diB^chorgcs  a  ]mrt  of  it  into  the  Vena.  PortiE,  and  n  patH 
directly  tii rough  the  Ductus  Venosua  into  the  Vena  Cava. 

773.  A  change  in  tlie  type  of  the  Circulating  syfitam  of  the  fcctu%  from 
that  at  first  presented  by  it  {§  769),  takes-place  at  a  very  fs^ly  periods 
Between  the  iburth  and  eighth  week  the  venous  portion  of  the  heart 
becomes  much  onlargetl,  and  a  septutn  bcgina  to  be  formed  which  grndually 
divides  tlic  stifle  ventricular  cavity  into  two,  tlie  separation  being  com< 
pleted  at  the  seventh  week.  The  septum  of  the  auricles  commences  it 
the  eighth  week,  but  remains  incomplete  througliout  the  whole  of  feete] 
life,  the  opening  being  termed  tJie  foramen  ovale.  Contemporaneoiialjw 
with  the  fbrjuHptioH  of  theae  septa,  a  tranaiormation  ooiurs  iu  the  arrange 
nient  of  the  Artcriid  tninks  proceeding  Irom  the  hearty  which  enda  in  theii 
[tftSTimptiun  of  the  fhnn  they  present  untO  tlie  end  of  FckUJ  lii<3 ;  tind  thii^ 
undergoes  but  Ji  dig] it  iJterationf  when  the  plan  of  the  eircuhLtiou 
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changed  at  the  moment  of  the  first  inspiration.  The  number  of  aortic 
arches  on  each  side,  which  was  five  at  first,  soon  becomes  reduced  in  the 
Mammalia  to  three,  by  the  obliteration  of  the  two  highest  pairs.  The 
Bulbus  Aorticus  is  subdivided  by  the  adhesion  of  its  walls  at  opposite 
points  into  two  tubes,  of  which  one  becomes  the  origin  of  the  aorta,  and 

Fio.  183. 
c'        e'  e'       r'  c       c 

3 


1.  Trunau  arUrionu  with  one  pair  of  aortic  arches,  and  dotted  outlines  indicating  the 
future  position  of  the  %Bcond  and  third  pairs.  2.  2Vkncim  arUrio$ua  with  four  pairs  of  aortic 
arches  and  indications  of  the  fiftli.  3.  Tmnetu  arttria§u»  with  the  three  posterior  pairs  of 
aortic  arches,  fhnn  which  the  permanent  yessels  of  the  embrjo  are  developed,  with  dotted 
outlines  showing  the  position  of  the  two  (now)  obliterated  anterior  ardies.  4.  Permanent 
arterial  trunks  in  their  primitiTe  form,  the  obliterated  portions  still  shown  in  dotted  outline. 
1—6,  primitiTe  aortic  arches;  a,  aorta;  p,  pulmonanr  artery;  j/,  ]/\  branches  to  the  lungs; 
cm\  root  of  thoradc  aorta  (ad)  on  left  side ;  am,  obliterated  root  springing  from  right  side; 
»'  a^\  subclavian  artery ;  v,  vertebral ;  a»,  axillary ;  e,  common  carotid ;  cT,  external  carotid ; 
e^\  uitemal  carotid. 

the  other  that  of  the  pulmonary  artery,  and  of  the  three  remaining  pairs 
of  vascular  (branchial)  arches ;  the  third  being  connected  with  the  aortic 
trunk,  contributes,  with  portions  of  the  two  highest  pairs,  to  the  formation 
of  the  external  and  internal  carotid  arteries ;  whilst  of  the  second  pair, 
the  arch  on  the  right  side  forms  the  innominate  and  the  beginning  of  the 
right  subclavian,  and  the  other  becomes  the  arch  of  the  aorta,  and  con- 
tributes to  form  the  left  subclavian.  The  lowest  pair  is  entirely  oblite- 
rated on  the  right  side.  On  the  left  it  gives-ofE  the  pulmonary  artery, 
and  remains  throughout  foetal  life,  in  commimication  wi^  the  aorta,  as  the 
Ductus  Arteriosus.* — A  knowledge  of  these  different  stages  in  the  deve- 
lopment of  the  Heart  and  Arterial  system  enables  us  to  explain  many  of 
the  malformations  which  they  occasionally  present  in  Man ;  these  being 
for  the  most  part  due  to  arrest  of  development,  whereby  the  circulating 
apparatus  is  permanently  fixed  in  conditions  that  are  properly  charac- 
teristic of  cold-blooded  animals.  And  it  is  interesting  to  remark,  too,  that 
the  varieties  which  not  unfirequently  present  themselves  in  tha  arrange- 
ment of  the  principal  trunks  given-off  from  the  Aorta,  find  their  analogues 
in  the  arrangements  that  are  normally  characteristic  of  some  or  other  of 
the  Mammalia. 

774.  The  Venous  system  of  the  body  generally,  imdergoes  changes  which 
are  even  more  remarkable  than  those  of  the  Arterial  trunks.  In  its 
earliest  condition,  it  has  been  ascertained  by  Rathkef  to  present  essentially 
the  same  type  in  the  embryoes  of  all  Vertebrated  animids ;  the  peculiari- 
ties of  each  group  being  acquired  by  a  process  of  subsequent  transforma- 
tion. There  is  at  first  a  pair  of  anterior  venous  trunks  (Figs.  1 8 1 , 1 82,  ^,  ^, 
receiving  the  blood  from  the  head,  and  a  pair  of  posterior  trunks  (ib,  Jc), 

*  Kollikcr,  **  Entwickelungsgeschicbte  des  MeDschen,"  p.  409. 
+  '<  Ueber  dea  Baa  und  die  Entwickelang  des  VeneiuiyBtems  der  Wirbelthiere,"  1888. 
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formed  by  tlie  confluence  of  the  veins  of  the  trunk,  of  the  Wolffian  bodies, 
&c, ;  the  former  are  persistent  as  the  jugular  veins  \  tlie  ktter  renmia 
separate  in  most  Pishes,  where  they  are  designated  the  cardinal  veins;  but 
in  Man  (as  in  warm-blooded  Vertebra ta  generaUy),  they  are  only  repre- 
sented by  the  venw  azifgos^  major  and  minor,*  which  coalesce  into  a  coiq- 
mon  trunk  for  a  considerable  part  of  their  length.  One  oi'  tlie  anterior 
trunks  and  one  of  the  posterior  uziite  on  either  side,  to  form  h  canal  whicJi 
is  knoT^^  aa  the  Ductus  Cuvieri ;  and  the  ducta  of  the  two  sides  coalesce 
to  form  a  ahorter  main  canal,  which  enters  the  auricle,  at  tliat  time  an  un- 
divided cavity.  This  common  canal  is  absorbed  into  the  auricle  at  an 
early  period,  in  all  Vertebrata  above  Fishes  ;  and  after  the  septum  ami- 
cnlorum  is  formed,  the  two  Cuvierian  ducts  separately  enter  the  right 
auricle.  This  arrangement  is  persistent  in  Birds  and  the  inferior  Mam- 
mals, in  which  we  find  two  Vene  Cavai  super io res,  entering  the  right 
auricle  separately ;  but  in  the  higher  Mammalia  and  in  ]V£an,  the  left  duct 
ii  obliterated,  and  the  right  alone  remains  as  the  single  Vena  C:iva  sujierior, 
a  transverse  communicating  branch  being  formed,  to  bring  to  it  the 
blood  of  the  left  side.f  The  double  Vena  Cava  sometimes  presents  itself 
as  a  monstromly  in  the  Human  subject.  As  the  anterior  extxemiti^  ar« 
developed,  the  subclavian  veins  are  formed  to  return  the  blood  trom  them ; 
and  these  discharge  themsdvefl  into  the  jugulars.  The  Omphalo-Mesea- 
teric  vein  (Pig,  181,  q)f  which  has  been  ab-eady  (|  7G9)  shown  to  be 
formed  by  the  confiuence  of  the  veins  of  the  yolk-b:ig  and  intestinal  canal, 
passes  by  itself,  with  the  two  Cuvierian  ducts,  into  the  auricle.  The 
upper  p^  of  this  remains  to  constitute  the  upper  part  of  the  Inferior 
Cava  (Figs,  181,  1B2,  j),  the  lower  portion  of  which  arises  between  the 
Wolffian  bodies,  and  originally  enters  the  omphalo-meaenteric  %'ein 
above  the  liver.  The  Inferior  Cava,  which  receives  the  hepatic  vein,  is 
gradually  enlarged  by  tlie  reception  of  most  of  tlie  veins  &om  the  in- 
ferior pirt  of  the  trunk  and  the  lower  extremitieSj  and  the  Vena 
Azygos  is  reduced  in  the  same  proportion  ;  in  some  rare  casern  of ; 
abnormal  formation,  however,  the  vena  cava  fails  to  be  devdap»ed,  and  < 
then  the  blood  from  the  lower  parts  of  iJie  body  ia  conveyed  to  the 
superior  cava  through  the  system  of  the  vena  azygoa. 

775,  The  following  is  the  course  of  the  Circulation  in  the  mature 
Foetus. — The  fluid  brought  from  the  Placenta  by  the  umbilical  vein^ 
is  partly  conveyed  at  once  to  the  ascending  Cava  by  means  of  tbe 
ductus  venoaus,  but  chiefly  flows  through  the  vena  portm  into  the 
Liver,  whence  it  reaches  the  ascending  Cava  by  the  hepatic  vein* 
Having  thus  been  tranamitted  through  the  great  depurating  orgaii, 
the  Placenta,  and  the  great  assimilating  oigan,  the  Livert|  it  is  in 
the  condition  of  arterial  blood ;  but^  being  mixed  in  the  great  veesela 
with  that  which  has  been  reti^med  from  the  trunk  and  lower  extrenii- 
ties,  it  losea  this  character  in  some  degree,  by  the  time  that  it  arrivea* 

•  See  MUUer*!!  *^  VergJeiehende  Aitat4jmie  der  Mptinoiden/'  Berlin,  1840. 

t  See  tbe  elaborate  Memoirs  *  On  th<>  Devdupmcnt  of  th«  Qve&i  Anterior  ¥«Ii 
Man  Bad  MAmmalU'  ('*  Fbil.  Trans., ^'  1850),  bj  Mr,  J.  MarfibAll ;  wbo  hia  fa 
Mhown  tfi&t  Rome  vt!iit|ge«  of  the  original  Arrangeiaeai  maj  be  tr&ced  fvea  in  ike  »i 
GondilioQ  of  tbe  rent^iXB  system  id  ttie  adult. 

Z  It  does  Dofc  eeem  pmhibl^  that  tte  depurating  acUod  t^f  tlie  LiTer  «an  fc*  enetfetl- 
callj  performed  during  fwtal  Ufe  ;  and  it&  large  dimensioiiB  suid  eoijiouH  aupply  of  blocxl 
«FP«ar  rather  to  he  referable  to  itfi  function  at  a  Ui>od"makipff  gfand  (|  166), 
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at  the  Heart.     In  the  right  auricle, 
which  it  then  enters,  it  would  be 
also  mixed  with  the  venous  blood 
brought  thither  by  the  descending 
Cava;    were  it  not  that  a  very 
curious  provision  exists  to  prevent 
(in  great  degree,  if  not  entirely)  any 
such  further  dilution.     The  Eusta- 
chian valve  has  been  found,  by  the 
experiments  of  Dr.  J.   Reid,*   to 
serve  the  purpose  of  directing  the 
arterial  blood,  which  flows  upwards 
from  the  ascending  Cava,  through 
the  foramen  ovale,   into   the   left 
auricle,  whence  it  passes  into  the 
left  ventricle ;  whilst  it  also  directs 
the   venous  blood,  that  has  been 
returned  by  the  descending  Cava, 
into  the  right  ventricle.     When  the 
ventricles     contract,    the    arterial 
blood   which   the   left  contains   is 
propelled  into  the  ascending  Aorta, 
and  supplies  the  branches  tibat  pro- 
ceed to  the  head  and  upper  extre- 
mities, before  it  imdergoes  any  ad- 
mixture ;    whilst    of   the    venous 
blood  contained  in  the  right  ven- 
tricle, part  is  transmitted  by  the 
Pulmonary    artery   to   the    lungs, 
but  another  (and  probably  by  far 
the    larger)    part    finds    its    way 
through  the  Ductus  Arteriosus  into 
the  descending  Aorta,  mingling  with 
the    arterial    current    which    that 
vessel    previously   conveyed,    and 
passing  thus  to  the  trunk  and  lower 
extremities.      Hence  the  head  and 
superior  extremities,  whose  deve- 
lopment is  required  to  be  in  advance 
of  that  of  the  lower,  are  supplied 
with  blood  nearly  as  pure  as  that 
which  returns  from  the  placenta; 
whilst  the  rest  of  the  body  receives 
a  mixture  of  this  with   what  has 
previously  circulated  through  the 


Fio.  184. 


Diagram  of  the  Fatal  CireuhUion.—l.  The  um- 
bilical cord,  coniisting  of  the  nmbilical  yein  and 
two  umbilicid  vteriM,  proceeding  from  the  pla- 
abilical  yein  < 


centa  (2).     3.  The  mnbilical  yein  diyiding  into 
"  aled  to 


three  branches ;  two  (4, 4)  to  be  distribni 
the  liyer,  and  one  (6),  the  dnctoa  yenosns,  which 
enters  the  inferioryena  caya  (6).  7.  The  portal  yein, 
returning  the  blood  from  the  intestines,  and  unit- 
ing with  the  right  hepatic  branch.  8.  The  right 
anricle;  the  course  of  the  blood  is  denoted  by  the 
arrow  proceeding  from  8,  to  0,  the  left  auricle. 
10.  The  left  yeniriole ;  the  blood  followinir  the 
arrow  to  the  arch  of  the  aorta  (11),  to  be  Sstri- 
bated  through  the  branches  giyen-off  bv  the  arch 
emities.    The 


to  the  head  and  upper  extremities. 

12  and  13  represent  the  return  of  thi  

the  head  and  upper  extremities  through  thejugn- 


12  and  13  represent  the  return  of  the  blood  from 
lar  and  subdayian  ydns,  to  the  superior  yena 


caya  (14),  to  the  right  auricle  (8),  and  in  the 
course  of  the  arrow  through  the  right  yentride 
(16),  to  the  puhnonarv  artery  (16).  17.  The 
ductus  arteriosus,  which  appears  to  be  a  proper 
continuation  of  the  pulmonary  artery ;  the  oflbeta  at  each  side  are  the  nght  and  left  pulmonaiy  artenea 
cut  ofll  The  ductus  arteriosus  joins  the  descending  aorta  (18, 18),  which  diyides  into  the  common 
iliacs,  and  these  into  the  internal  iliacs,  which  become  the  umbUicu  arteries  (10),  and  return  the  blood 
along  the  umbilical  cord  to  the  placenta,  and  the  external  iliacs  (20).  which  are  continued  into  the 
lower  extremities.  The  arrows  at  the  termfaiation  of  these  yessels  mark  the  return  of  the  yenous  blood 


by  the  yeins  to  the  inferior  caya. 

*  ''Edinb.  Med.  and  Surg.  Joamal/'  vol. 
BttBearches,"  chap.  ix. 


xliii;  and   "  Anat.,  Physio].,  and  Pathol. 
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system ;  and  of  this  mLSture  a  portion  is  tmn  ami  tied  to  tJie  [>! 
to  be  renovated  hy  coming  into  relation  with  the  maternal  tlnid.^ 
At  birth,  the  course  of  tlie  current  13  entLrely  changed  by  the  cessation 
of  the  circnlfltioa  through  tlie  Placental,  and  by  the  enormous  IncreBire 
in  t!ie  quantity  tranamitted  to  the  Lungs,  which  takes-plfloe  imme- 
diately on  the  first  inspiration :  tlie  Duetua  Venosus  and  Ductus  Arte- 
riosus soon  shrivel  into  ligaments ;  the  Foramen  Ovalo  becomes  closed 
by  ita  valve;  and  the  circulationi  which  was  before  carried  00  upon 
tlie  plan  of  that  of  the  higher  Kept  ilea,  now  becom*^  that  of  the  com- 
plete Bird  or  Mammal.*  Ii  is  by  no  means  nnfrequent,  however,  for 
some  arrest  of  development  to  prevent  the  completion  of  these  changes ; 
and  various  malibrmationflj  involving  an  imperlect  discharge  of  tJie  func- 
tion, may  hence  residt.  From  the  above  description  it  is  obvious  ttiat  tlio 
chid*  propelling  power  in  the  drculation  of  the  Fcetiis  is  the  right  heart ; 

the  force  of  the  left  heart 
^«'  18S.  being    chieHy    spent    in 

effecting  a  due  supply  of 
blood  to  t^e  head  and 
upper  extremities:  and 
a  cnriona  oboerr&tion  of 
Langerf  is  in  aecordanefj 
with  tliis  view,  for  he  has 
shown  that  tlie  walls  of 
tiie  right  ventricle  in  the 
ftetua  are  as  thick  as 
those  of  the  let\,  wbtl^ 
those  of  the  riglit  anride 
are  even  tJiicker  and  more 
muscular  than  ihoBe  of 
the  left  auricle,  Tliis 
condition  lasts  !br  Bome 
days  after  birth,  whoft 
tlie  left  heart  gradually 
attains  the  superiority  in 
thickness  which  jb  maml 
in  adults, 

776,  The  Alimtniawf 
Canal  has  been  shown 
(§  769)  to  have  its  origin 
in  the  blastodermic  ved- 
cle;     being     a     poni<»ti 

•  It  hue  been  wigti^d  by  Br,  Peu1«e  (of  Bartnjijmtb  Co!lego,  F.S»),  Uiat  Hm  mhmt 
aceoTmt  m  mcorrect,  since  tbe  diAioei«F  of  the  Ductus  Artcrioftui  ib  so  Kmall  in  profio^ 
tbn  to  tb&t  of  tbe  FnlmoiuLry  arteriei,  tbat  it  can  serTO  na  other  purpOHe  thfta  tbM.%  of 
a  *  wtiate-pLp^'  to  cairj^oGT  the  Bi]|i«riut>us  blood  whiob  the;  eumot  reoeiTe.  But  ht 
mppofieK  the  Arootint  of  blfwl  trtmiiiiiitted,  lb  rough  tbne  ve<«di  reipeetltvZj,  %o  hn 
ohlcflj  or  entirely  detenu  b<Ml  by  their  r««pectiv«  diamet«f* ;  aad  ttkm  no  Tvrftti  oC 
the  aamcroua  facta  which  prote  tho^t  the  qiiantitj  «f  btood  tmatl&itl*ii  U>  ti«  loaia 
before  birth,  h  extremdif  tmaJl  is  proportion  to  that  whi<?b  they  receiTe  m  9oot\  m«  ib» 
roipiratory  fnDction  U  ftitly  afUbJUbcJ.  Bee  hU  *  Montigrapb  ou  the  Foet«J  CureuUibiflg* 
ia  "  Amcriaui  Medical  Monthly/'  May,  t854. 

t '  ^ur  AtiAtomie  der  Pi>t]dea  KreiA]iiufor]ga£i&*  ''Zeil&  der  Q«aell.  d.  Wl&oJ*  xfiL 
p.  328.  ^ 


4 


I 
I 


Embiyo  of  Doff*^  d*j*  n'ter  l*«t  popubtion  ?— a,  it,  nmtrilt ; 
h,  b,  cjmi  ft  e,  m-Kt  vtBcenJ  archefl,  formiii|r  tkfi  lower  jaw ; 
tf,  d.  «GOon^  TiiwTftl  orcitaet?  *,  right  aun'dp;/,  left  «uriclc»- 
fi  rlffht  ventricle  J  h,  krt  *<»iitrielej  i,  sortie  bulb  i  k,  k,  ISver, 
beittteii  the  two  foluefi  of  whic'h  U  *evn  thC'  dirided  orillHC'e  of 
the  ornplUlo'iDeRcnleric  veiti ;  /,  ituoiarh;  m,  inteiiine.  oomiiiti- 
nlcatliiipf  with  the  umhillcal  vr«iile,  «  « ;  o,  o,  enrpotB  Wolffian*  j 
p,  HJIuktoiii  9]  q,  anU'ridf  eitrcmltiQi;  r^  r,  potfterior  ext»- 
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pinched-off  (as  it  were)  from  tliat  part  of  it  which  is  just  beneath  the 
spinal  column  of  the  embryo,  whilst  the  remainder,  which  is  at  that  time 
the  largest  part  of  it,  forms  the  vitelline  or  umbilical  vesicle.  In  its  earliest 
form  it  is  merely  a  long  narrow  tube  (Fig.  185,  m),  nearly  straight,  and 
communicating  with  the  umbilical  vesicle  (n,  n)  at  about  the  middle  of 
its  length ;  thus  it  may  be  regarded  as  composed  of  the  union  of  two 
divisions,  an  upper  and  a  lower.  At  first,  neither  mouth  nor  anus  exists ; 
but  these  are  formed  early  in  the  second  month,  if  not  before.  The  tube 
gradually  manifests  a  distinction  into  its  special  parts,  oesophagus,  stomach, 
small  intestine,  and  large  intestine ;  and  the  first  change  in  its  position 
occurs  in  the  stomach,  which,  originally  disposed  in  the  line  of  the  body, 
afterwards  takes  an  oblique  direction.  The  curves  of  the  large  and 
small  intestine  present  themselves  at  a  later  period.  It  is  at  the  lower 
part  of  the  small  intestine,  near  its  termination  in  the  large,  that  the 
entrance  of  the  vitelline  duct  persists ;  and  a  remnant  of  this  canal  is 
not  unfrequently  preserved  throughout  life,  in  the  form  of  a  small  pouch 
or  diverticulum  from  that  part  of  the  intestine. 

777.  In  immediate  connection  with  the  intestinal  tube,  we  find  the 
first  rudiment  of  the  Liver,  which  is  formed  in  the  third  week  by  the 
thickening  of  the  cells  in  the  wall  of  the  canal,  at  the  spot  at  which  the 
hepatic  duct  is  subsequently  to  discharge  itself.  This  thickening  increases, 
so  as  to  form  a  projection  upon  the  exterior  of  the  canal ;  and  soon  after- 
wards the  lining  membrane  of  the  intestine  dips-down  into  it,  so  that  a 
kind  of  caecum  is  formed,  surrounded  by  a  mass  of  cells,  as  shown  in 
Fig.  186.  The  increase  of  the  organ  seems  to  take-place  by  a  continual 
new  budding-forth  of  cells  firom  its  peripheral  portion ;  and  a  consider- 
able mass  is  thus  formed,  before  the  csecum  in  its  interior  undergoes  any 
extension  by  ramifications  into  it.  Gradually,  however,  the  cells  of  the 
exterior  become  metamorphosed  into  fibrous  tissue  for  the  investment  of 
the  organ ;  those  of  the  interior  break-down  into  ducts,  which  are  deve- 
loped in  continuity  with  the  caecum  derived  firom  the  intestine,  and  which 
are  lined  by  muscular  and  fibrous  tissues  developed  from  the  primitive 
cellular  blastema ;  whilst  those  which  occupy  the  intervening  space,  and 
which   form   the   bulk  of  the 

gland,  give  origin  to  the  proper  Fio.  186. 

secreting  cells,  which  are  now  to 
come  into  active  operation.  As 
this  is  going-on,  the  hepatic 
mass  is  gradually  removed  to  a 
distance  from  iJie  wall  of  the 
alimentary  canal ;  and  the 
cfBCum  is  narrowed  and  length- 
ened, so  as  to  become  a  mere 
connecting  pedicle,  forming,  in 

fact,    the    main    trunk    of    the  origin  of  the  Xir«.  from  the  Inte-tinal  wall,  in  the 

hepatic    duct. In   the   Human  embryo  of  the  Powl»  on  the  fourth  day  of  ineabation : 

V.            ^i^      J*          4.*         .^   aI,^  -•^»  neart;  6,  Intentine;  c,  everted  portion  gi^riag 

embryo,    the   tormation    Ot    the  origin  to  Uver ;  i<,Uver;  #,  portion  of  vitelline  yedcle. 

Liver    begins    at    about     the 

third  week  of  intra-uterine  existence  ;  the  organ  is  from  the  first 
of  very  large  size,  when  compared  with  that  of  the  body  ;  and  between 
the  third  and  the  fifth  weeks,  it  is  one-half  the  weight  of  the  entire 
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It 


t^ifit  penod  divided 


several   lobes.       B>' 


embryo, 

tliird  lunar  mouth 
filk  the  ahdonieti ;  t)i€  right  side  now  begins  to  gain  upon  the  U/k ;  the 
gall ^b bidder  makes  its  first  appearunce  at  this  time.  The  subeeqcieiil 
chuxigea  chieJly  consist  In  the  consolidiition  of  the  viscue,  and  the  diiuion- 
tion  of  its  proportioTijd  fljz€.  Up  to  tJie  period  of  birth,  however,  the 
bulk  of  the  liver,  relatively  to  that  of  the  entire  body,  is  much  grt^ate? 
than  in  the  adult;  the  proportion  being  as  1  to  18  or  20  in  the  new- 
Iwrn  child,  whilat  it  b  tihout  1  to  36  in  the  adult;  and  the  difference 
between  tlie  right  and  left  loljes  is  still  iucsonaiderable.  During  the  first 
yea.r  of  extm-uterine  life,  however,  a  ^eat  change  takes  place  ;  the  right 
lobe  increases  a  little  or  remains  stationaiy,  'wluJst  tl>e  lel\  lobe  under- 
goes an  absolute  diminution,  being  reduced  nearly  one-half;  and  aa, 
during  the  same  period,  the  bulk  of  the  rest  of  tlte  body  had  been  rapi<ny 
increasing,  the  proportion  in  much  more  reduced  during  that  j»*>riod, 
than  in  any  subsequent  one  of  the  same  length.  According  to  Afeokel, 
the  liver  of  the  newly -born  infant  weighs  one^fourth  heHviar  than  that 
of  a  child  eight  or  ten  months  old ;  and  as  tli©  weight  of  tlie  whole 
body  is  more  than  dotibled  during  the  same  time,  it  is  obvious  that 
t!ie  change  in  the  proportion  of  the  two  must  be  principiUy  effected 
at  til  is  epoch.  The  liver  seems  to  be  engaged,  during  fa?tal  lif^,  iji  the 
depuration  of  the  blood  (as  appears  from  the  accumulation  of  m^eemiumf 
which  is  chieily  altered  bile,  in  the  intestinal  canal  at  btrtli) ;  but 
at  the  same  time  it  is  aerv^ing  as  a  blood*making  organ  (§  156),  and 
this  is  probably  its  prijiclpal  fiujction  before  birth.  The  general  history 
which  has  juBt  been  given  of  the  development  of  the  Liver^  seems 
equally  applicable  to  the  other  glands  that  are  evolved  from  the  pari 
of  the  Alimentary  c^malj  bugIi  as  the  Salwary  fftanth  and  Patwrt^ 
since  tliey  all  seem  to  commence  in  little  masses  of  cells,  formed 

an  increased  development^  at   certain  spots,  of  the  layer    of  bi  

which  originally  constitutes  its  wall ;  and  whilst  some  of  these  c^lls  glrs 
origin  to  the  proper  vesicles  of  eiich  gland,  others  form  its  ducts  and 
tubtili  by  theb*  deliquescence.^ — The  development  of  the  Spken  and  of 
the  Si/pra-Renai,  Th^ma^  and  Th^rmd  bodies,  has  been  alreafly  described 
(|§  131-136). 

778.  The  Lungs  are  also  developed  in  immediate  relation  with   t^e 
upper  part  of  the  Alimentary  canal,  their  first  rudiments  shooting- fortli 

as  a  pair  of  bud-like  pi 
(Fig,  lS7t  a)  &om  ita  ceeop 
portion.  These  were  orlgic 
described  by  Yon  Bar  as  hoUow^ 
and  a£  being  in  reality  divtrttcuia 
from  the  tube  itself.  But 
Inter  observers  agree 
that  the  bud-like  proceasea 
not  at  first  hollow,  but  are  0oB3^ 
aggregations  of  cells,  formed  hy  m 
niuld plication  of  the  cells  coatili^ 
tuting  the  external  wall  of  the  ali- 
mentary tube,  into  which  it«  inter^ 
Those  gradually  iucrea^  in  gize,  extoiding 


Fio.  1S7. 


A9  O 


*"""  lift ;  t,  in  a  fhtrt  It  4li  tto 


1  in  ft  F^i^  ct 


iwr  iiyt  j  i,  in  ft  fhtrt  It  4ii  tli^i  J  f,  lennliiiUoii  of 
bmialii 


nal  tunic  is  not  prolonged, 
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downwards  by  the  multiplication  of  their  component  cells  hi  that  direction; 
and  cavities  are  formed  in  them  (probably,  as  in  the  preceding  instances, 
by  the  deliquescence  or  fusion  of  some  of  the  cells  of  their  interior), 
which  at  first  communicate  with  the  pharynx  by  separate  apertures; 
these,  however,  coalesce  into  one,  as  the  channels  are  elongated  into 
tubes,  and  the  pulmonary  organs  are  removed  to  a  distance  firom  their 
point  of  exit. — The  first  appearance  of  the  Lungs,  in  the  Human  embryo, 
takes-place  at  about  the  6th  week,  at  which  time  they  are  simple  eleva- 
tions of  the  external  layer  of  the  oesophageal  waU ;  firom  this,  however, 
they  are  soon  removed ;  each  rudimentary  limg  having  its  own  bronchial 
tube,  connecting  it  with  a  trachea  common  to  both  (Fig.  187,  b).  Their 
surface  becomes  studded  with  numerous  little  wart-like  projections,  which 
are  caused  by  the  formation  of  corresponding  enlargements  of  their  cavity ; 
these  enlargements  soon  become  prolonged,  and  develope  corresponding 
bud-like  enlargements  firom  their  sides ;  and  in  this  manner  the  form  of 
the  organs  is  gradually  changed,  a  progressive  increase  in  their  bulk 
taking-place  firom  above  downwards,  in  consequence  of  the  extension  of 
the  bronchial  ramifications  of  the  single  tube  at  the  apex.  At  the  same 
time,  however,  a  corresponding  increase  in  the  amoimt  of  the  parenchy- 
matous tissue  of  the  lung  is  taking-place ;  for  this  is  deposited  in  all  the 
interstices  between  the  bronchial  ramifications,  and  might  be  compared 
with  the  soil  fiUing-up  the  spaces  amongst  the  roots  of  a  tree.  It  is  in 
this  parenchyma  that  the  pulmonary  vessels  are  distributed ;  and  the 
portion  of  it  which  extends  beyond  the  terminations  of  the  bronchial 
tubes,  seems  to  act  as  the  nidus  for  their  further  extension.  It  can  be 
easUy  shown  that,  up  to  a  late  period  of  the  development  of  the  lungs, 
the  dilated  terminations  of  the  bronchi  constitute  the  only  air-cells 
(Fig.  187,  c) ;  but,  as  already  mentioned,  the  parenchyma  subsequently 
has  additional  cavities  formed  within  it. — It  is  a  fact  of  some  interest,  as 
an  example  of  the  tendency  of  certain  diseased  conditions  to  produce 
a  return  to  forms  which  are  natural  to  the  foetal  organism,  or  which 
present  themselves  in  other  animals,  that  up  to  a  late  period  in  the 
development  of  the  Human  embryo,  the  lungs  do  not  nearly  fill  the 
cavity  of  the  chest,  and  the  pleura  of  each  side  contains  a  good  deal  of 
serous  fluid. 

779.  The  embryological  development  of  the  Urinary  organs  in  Ver- 
tebrated  animals  is  a  subject  of  peculiar  interest ;  owing  to  the  corre- 
spondence which  may  be  traced  between  the  transitory  fi)rms  they  pre- 
sent in  the  higher  classes,  and  their  permanent  condition  in  the  lower. 
In  this  respect,  there  is  an  evident  analogy  with  the  Respiratory  system. 
The  first  appearance  of  anything  resembling  a  Urinary  apparatus  in  the 
Chick,  is  seen  on  the  second-half  of  the  third  day.  The  form  at  that 
time  presented  by  it,  is  that  of  a  long  canal,  extending  on  each  side  of  the 
spinal  column,  from  the  region  of  the  heart,  towards  the  aUantois  (Fig. 
185,  0,  0,  seen  also  in  transverse  section  in  Fig.  173,  ung) ;  on  the  sides  of 
this  are  a  series  of  elevations  and  depressions,  indicative  of  the  incipient 
development  of  caeca.  On  the  4th  day,  the  Corpora  Wolffiana^  as  they  are 
then  termed,  are  distinctly  recognized  as  composed  of  a  series  of  cecal  appen- 
dages, which  are  attached  along  the  whole  course  of  the  first-men^oned 
canal,  opening  into  its  outer  side  (Fig.  188,  a),  and  clearly  developed  from 
the  middle  lamina  of  the  blastodermic  vesicle  (Figs.  173, 190).   On  the  5th 
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F£Oi  188. 


8lat»  »f  thtf  Urimn^  and 
Qmiiat  Appat^htt  \n  the  eferl j 
«inbiTO  orihe  Mrd  i— «,  rarimra 

dwt<;  «tkid[iicji;   it,  ureter  j 


day  tbefl«  appendages  are  convoluted^  and  die  bodj  which   they 
OKS^uiree  iucrc^ied  breadth  and  thickneas ;  they  eTidently  ihen 

secreting  functiDD,  and  the  fluid  which  tJiey  tie^~ 
rate  ia  poured  by  their  long  straight  canaJB  (6^  ^) 
ill  to  the  cloaca ;  and  between  t^eir  conipotiieiit 
shnt  eacs,  numb^s  of  small  pointe  appear^  wrhioh 
consist  of  little  clusters  of  conYoluied  ircinrinlii, 
exactly  analogous  to  the  Corpora  Malpighiann  of 
the  true  kidney.  ^Theie  bodies  remain  aa  the 
permanent  urinary  origans  of  Fishes;  but  iii  th^ 
higher  Vertebtaia  they  give  place  to  the  true  Kid- 
neySf  the  development  of  which  commenoas  iu  Ur' 
duck  about  the  Oth  day.  These  when  first  sei^tj, 
are  lobulated  greyish  masses  (c),  which  ^Bvm  to 
sprout  from  dke  outer  edges  of  the  WollFiaii 
bodies,  but  whidi  are  really  independent  tor* 
motions,  {^ringing  from  a  mass  of  Manlerua 
behind  them ;  imd  as  tliey  gmdiially  iacrva**t3 
in  size  and  advance  in  development,  the  Wtjitliati 
bodies  retrograde ;  so  tlmt  at  the  end  of  f<Ft^  lifi.\ 
the  only  vestige  of  tliem  is  to  be  found  as  a 
ehrunk  rudiment,  situated  (in  the  male)  near 
the  testeSj  to  which  their  excretory  diicta  scfvl* 
as  the  outlets,  becoming  the  *  vasa  deferontia.'' — 
Tlie  history  of  the  development  of  the  Urinary  organs  in  the  Himiaii  oni- 
bryo,  seems  to  correspond  clo«9ely  with  the  foregoing.  The  Wolftifiii  boditiii 
he^n  to  appear  towards  the  end  of  the  first  month;  and  it  is  in  tlie  cottrB» 
of  tfae7l^  week,  tlmt  the  true  Kidneys  first  pre^ient  themselves.  Wlicsa  at 
their  greatest  development^  the  Corpora  Wolifiana  are  the  most  vanciilar 
parts  of  the  body  next  to  die  liver ;  foiuf  or  £ve  branches  from  the  aortft 
distributetl  to  oachf  and  two  veins  are  returned  £rom  ^ch  to  the  Vi 
cava.  The  upper  arteries  and  their  corresponding  veins  are  aHervri 
converted  into  the  Renal  or  emulgent  vessels ;  and  tlic  lower  inUi  the 
Spermatic  vessels.  From  the  b^nuing  of  the  3rd  month,  a  dlniiQutifm 
takes- plaoa  in  the  foze  of  the  WoliEan  bodies,  pan  pasmt  with  Oi&  in- 
crease of  the  Kidneys ;  and  at  the  time  of  birth,  s<^Tcely  any  tni<^«2s  of 
the  former  can  be  found.  At  the  end  of  the  ^rd  month,  die  Kidnc^B 
consist  of  seven  or  eight  lobes,  the  future  pyramids;  their  oxcretory 
ducts  still  terminate  in  the  canal,  the  simis  nroffemtalisj  which  reot*iv(» 
those  of  the  Wolffian  bodies  (subsequeotly  to  become  the  vasa  defcrentia), 
and  of  the  Fallopian  tubes  ;*  and  this  opens,  with  the  rectimi,  itito  n 
sort  of  Cloaca,  analogous  to  that  which  is  permanent  in  the  ovinartius 
Vertehrata.  The  Kidneys  are  at  this  time  covered  by  the  Supra -H^irml 
capfiujes;  which  equal  them  iu  size;    about  tlie  6th  m6uihf  howevcri 

*  Although  it  hns  be«^ii  ajtarilly  conddered  tbRt  the  Vasa  Deferentis  of  the  maXv  mod 
tlie  P&l]<j[>i&ci  tubea  of  tho  fetunk,  Ate  homolagoui  Drganei,  x^^  thU  tk4»  not  sc^m  twUJjf 
to  b«  the  eas€ ;  for  the  former  Are  dcirivod  fb»tti  iht  tn^reiorj  rltict«  of  tJie  WoJUtjus 
bodie^j  wbibt  the  lutter  Are  indepondcnt  fomintiona,  which  are  fuiiud  to  oo^eEi^t  with 
ftemuiAJ  duets  at  &ti  e*Tlj  period  iif  derelupiucut^  iitik<  in  mnh  nnd  la  fem&to  etnbcyuct, 
(a»Kcibelts  ''Der  Nob«lldt^ciok  des  WeiJjeB.'*  Heidelberg,  1817.)  The  duot»  of  thv 
Wolffiaji  bodu»,  ythatigb  iQlMMitetitly  difiapp«arin|{  tii  tho  rcoaAltM  of  moit  Mjuommli^ 
remain  pemuuifliit  u  'Oaertnn  oaiub^  In  the  femftle  EmnmAuts  4tid  Pig. 
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these  have  decreased,  whilst  the  kidneys  have  increased,  so  that  their 
proportional  weight  is  as  1  to  2  j.  At  birth,  the  weight  of  the  Kidneys 
is  about  three  times  that  of  the  Supra-Renal  capsules,  and  they  bear  to 
the  whole  body  the  proportion  of  1  to  80 ;  in  tfie  adult,  however,  they 
are  no  more  than  1  to  240.  The  lobulated  appearance  of  the  kidney 
gradually  disappears ;  partly  in  consequence  of  the  condensation  of  the 
areolar  tissue  which  connects  its  different  portions,  and  partly  through 
the  development  of  additional  tubuli  in  the  interstices. — The  Urinary 
Bladder  is  formed  quite  independently  of  the  secreting  apparatus,  being 
an  enlargement  of  a  portion  of  the  para  urinaria  of  the  '  uro-genital 
sinus'  (§  781). 

780.  The  essential  parts  of  the  Generative  Apparatus,  namely  the 
Testes  in  the  male,  and  the  Ovaria  in  the  female,  are  first  developed  in 
such  inmiediate  proximity  with  the  CJorpora  Wolfliana  (Fig.  188,  «,  c), 
that  they  have  been  supposed  to  sprout-forth  from  them  ;  tibis,  however, 
is  not  really  the  case,  as  they  have  an  independent  origin  in  a  mass  of 
blastema  peculiar  to  themselves.  They  make  their  first  appearance  in 
the  Chick,  as  delicate  striae  on  the  Wolffian  bodies,  about  the  fourth  day ; 
at  which  period  no  difference  can  be  detected  between  the  Testes  and  the 
Ovaria,  which  originate  in  precisely  the  same  manner.  In  the  Human 
embryo,  the  rudiments  of  the  sexual  organs, — whether  testes  or  ovaria, — 
first  present  themselves  soon  after  the  kidneys  make  their  appearance, 
that  is,  towards  the  end  of  the  7th  week.  They  are  originally  much  pro- 
longed, and  seem  to  consist  of  a  kind  of  soft,  homogeneous  blastema,  in 
which  the  structure  characteristic  of  each  organ  subsequently  developes 
itself.  The  Testis  gradually  assumes  its  permanent  form;  the  epididymis 
appears  in  the  tenth  week ;  and  the  gubemaculum  (a  membranous  pro- 
cess from  the  filamentous  tissue  of  the  scrotum,  analogous  to  the  roimd 
ligament  arising  from  the  labium  and  attached  to  the  ovary  of  the  female), 
which  is  originally  attached  to  the  vas  deferens,  gradually  fixes  itself  to 
the  lower  end  of  tiie  testis  or  epididymis.  The  Testes  begin  to  descend  at 
about  the  middle  period  of  pr^nancy ;  at  the  seventh  month  they  reach 
the  inner  ring ;  in  the  eighth  they  enter  the  passage ;  and  in  the  ninth 
they  usually  descend  into  the  scrotum.  The  cause  of  this  descent  is  not 
very  clear :  it  can  scarcely  be  due  merely,  as  some  have  supposed,  to  the 
contraction  of  the  gubemaculum ;  since  that  does  not  contain  any  fibrous 
structure  until  afler  the  lowering  of  the  testes  has  commenced.  It  is 
well  known  that  the  testes  are  not  always  found  in  the  scrotum  at  the 
time  of  birth,  even  at  the  full  period.  Upon  an  examination  of  97  new- 
bom  infants,  Wrisberg  found  both  testes  in  the  scrotum  in  67,  one  or 
both  in  the  canal  in  17,  in  8  one  testis  in  the  abdomen,  and  in  8  both 
testes  within  the  cavity.  Sometimes  one  or  both  testes  remain  in  the 
abdomen  during  the  whole  of  life ;  but  this  circumstance  does  not  seem  . 
to  impair  their  function.*  This  condition  is  natural,  indeed,  in  the  Ram. 
— The  Ovary  undergoes  much  less  alteration,  eitJier  in  its  intimate 
structure,  or  in  its  position.  Its  efferent  canal  (which,  as  just  stated,  is 
not  the  representative  of  the  vas  deferens  of  the  male)  remains  detached 
from  it,  having  a  free  terminal  aperture,  and  thus  constituting  the  Fal- 
lopian tube.     The  Uterus  (which  was  formerly  supposed  to  be  formed  by 

*  A  case  has  lately  occurred  within  the  Author's  knowIedgCL  in  which  both  testes 
remained  in  the  abdomen  until  the  tenth  year,  and  then  detoended. 
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the  coalescence  of  the  Fallopmn  tubes),  ia  now  known  to  be  derived,  like 
the  Vagi  nay  from  the  genital  portion  of  tbe  *  uro-genittkl  sinus*  (§  781)^ 
which  is  formed  exact] j  on  tha  same  plan  in  both  sexe^  alike,  at  an  early 
period  of  fmtal  development,  and  receives  at  ita  upper  extremity  tiie  ter- 
minations of  the  Fallopian  tubeSr  In  tb^  Femalei  this  canal  increaaea  bi 
size ;  and  a  marked  separation  m  establiBhed  between  its  lower  or  Tag-inal 
portion  and  ita  upper  or  nteiine  portion.  The  former  opens  into  the 
undiTided  portion  of  die  uro-genital  sinus,  which  also  receives  the  termi- 
nationi  of  the  urethra  and  of  tlie  Wolffian  ducta^  and  which  remalna 
permanently  unclosed.  In  the  Male,  on  the  other  hand,  the  «mxr# 
genitaliB  makes  no  advance  in  development,  and  diminishes  in  relative 
mze ;  bo  that  at  the  period  of  foetal  maturity,  it  is  only  discoverable  as 
the  v^sicuia  proBtatica^  which  has  been  supposed  until  recently  to  be  an 
appendage  to  the  prostate  gland,  A  transverse  oonatriction  in  this  canal 
nmrks-out  its  vaginal  from  its  nterine  portion;  the  former  having'  exactly 
the  same  relation  as  in  the  female  to  the  terminations  of  the  uretlira  and 
of  the  Wolffian  ducts  (vasa  deferentia)  in  the  *  uro-genital  sinus,^  which 
is  subsequently  closed-in,  however,  so  as  apparently  to  form  a  continua- 
tion of  the  urethral  canal ;  and  tbe  latter,  in  those  Mammals  whose 
females  have  a  ^  uterus  bicorDis,'  exhibiting  a  like  divarication  into  two 
lateral  halves,* 

781.  The  history  of  the  development  of  the  txttrmil  Organs  of  Gent* 
ration  m  the  two  sexes,  presents  matter  of  great  interest,  from  ibe  light 
which  is  thrown  by  a  knowledge  of  it  upon  the  malfbrmationa  of  iImq 
organs,  which  are  among  the  moat  common  of  all  departures  from 
normal  tjrpe  of  Human  organization. — ^Not  only  is  the  distinction 
sexes  altogether  wanting  at  Brst ;  but  the  conformation  of  the  ex\ 
parts  of  the  apparatus  is  originally  the  same  in  Man  and  the  highe 
Mammaha  as  it  permanently  is  in  the  Oviparous  Vertebrata*  For^  about 
the  5th  or  6fch  week  of  embryonic  life,  the  opening  of  a  cloaca  may  be 
seen  externally,  which  receives  the  termination  of  the  intestinal  canal, 
the  ureter 9,  and  the  efferent  ducts  of  the  sexual  organs ;  but  at  the  10th 
or  11th  week,  the  anal  apertore  is  separated  from  that  of  the  genito- 
urinary canal  or  '  uro-genital  suius,*  by  the  development  of  a  transverse 
band  ;  and  the  uro-genital  dnus  itself  is  gradually  separated  by  a  like 
process  of  divtsionf  into  a  '  pare  urina^ria '  and  a  '  pars  genitalia^'  the 
former  of  which,  extending  towards  the  urachus,  is  converted  into  the 
urinary  bladder.  A  partial  representation  of  this  phase  of  development 
is  found  in  the  permanent  condition  of  the  Stnithioua  Birds  and  of  the 
Im placenta!  Mammalia.  The  external  opening  of  this  canal  is  soon  ob- 
served to  be  bounded  by  two  folds  of  skin,  the  rudiments  of  the  labia 
majora  in  the  female,  and  of  the  two  halves  of  the  scrotum  in  the  male; 
whilst  between  and  in  front  of  these,  there  is  formed  an  erectile  body. 
Hurmounted  by  a  gland,  and  cleft  or  furrowed  along  its  under  surfiice. 
This  body  in  the  female  is  retracted  into  the  genito-tmnary  canal,  and 
becomes  the  clitoris,  whilst  the  margins  of  ita  frurow  are  converted  into 

*See  Frof,  E.  W«ber^ii  ^'ZuniitKe  iiir  Lehre  Tom  Baue  u&d  d^  Vemchta&^tia  dcr 
deicbleohteorgKDe/' Lelpfig^  IZi^  i  and  Dr,  Lcuckori'i  Art.  *  Ve^^ak  PMt^tioii '  in 
**  Cjclop.  of  Amt,  And  FhyiioL/'  vol.  xw. — It  wnt  mppoa^  by  Prof  Weber,  tliat  tti« 
veaieiilA  proistatlc&  Ib  the  t;Omologi}e  of  the  ut«niB  aloiie ;  Lnt  the  Autlior  ^nsad«n  it  io 
bftTO  been  iat!«f»otori]y  cstabliBbM  by  tbe  researcbet  of  Dr.  Leuckart,  ibftt  It  aosverft  to 
tb«  ntema  ^d  Tngm*  oonjoiAlly, 


of  theas  , 

rotn  ^mm 

ction  fl| 
externa!   1 


DEVELOPMENT  OF  THE  EXTERNAL  ORGANS  OF  GENERATION.     813 

the  nymphs  or  labia  minora;  and  these  bound  the  '  atriimi  vaginsB*  or 
*  vestibule,'  which  receives  the  orifices  of  the  urethra,  of  the  vagina,  and 
of  Gaertner's  canals  when  they  are  present,  and  which  exactly  represents, 
therefore,  the  *  sinus  genitalis'  of  the  early  embryo.  In  the  male,  on  the 
other  hand,  this  sinus  is  nearly  closed-in  at  a  very  early  period,  by  the 
adhesion  of  the  two  folds  of  integument  which  bound  it,  forming  that 
portion  of  the  genito-urinary  canal  (improperly  termed  the  *  urethra,') 
which  receives  the  orifices  of  the  vesical  or  true  urethra,  of  the  genital 
sinus  (vesictda  prostatica),  and  of  the  vasa  deferentia;  the  erectile 
body  increases  in  prominence,  and  becomes  the  penis ;  whilst  the 
margins  of  the  furrow  at  its  under  sur&ce  imite  (at  about  the  14th 
week),  to  form  the  anterior  continuation  of  the  now-contracted  genito- 
urinary canal,  which  is  conmionly  termed  the  spongy  portion  of  the 
urethra. 

782.  Now  in  a  large  proportion  of  cases  of  so-called  Hermaphrodism, 
there  has  been  either  a  want  of  completeness  in  the  development  of  the 
Male  organs,  so  that  they  present  a  greater  or  less  d^ee  of  resemblance 
to  those  of  the  female ;  or  the  developmental  process  has  gone-on  to  an 
abnormal  extent  in  the  Female  organs,  so  that  they  come  to  present  a  cer- 
tain degree  of  resemblance  to  those  of  the  male. — One  of  the  most  conmion 
malformations  of  the  male  organ  is  *  h3rpospadias,'  or  an  abnormal  opening 
of  the  urethra  at  the  base  of  the  penis,  arising  fi*om  incompleteness 
in  the  closure  of  the  edges  of  its  original  fiirrow.  But  when  the 
developmental  process  has  been  checked  at  an  earlier  period,  the  uro-genital 
sinus  may  retain  more  nearly  its  original  character,  and  may  have  a  wide 
external  opening  beneath  the  root  of  the  penis,  so  as  to  resemble  the 
female  vagina,  whilst  the  penis  is  itself  destitute  of  any  trace  of  the  urethral 
canal ;  in  some  of  these  cases,  again,  the  testes  have  not  descended  into 
the  scrotum ;  whilst  the  absence  of  beard,  the  shrillness  of  the  voice,  and 
the  fulness  of  the  mammae,  have  contributed  to  impart  a  feminine  character 
to  these  individuals,  their  male  attributes,  however,  being  determined  by 
the  seminiferous  character  of  the  essential  organs,  the  testes.* — In  the 
female  organs,  on  the  other  hand,  a  greater  or  less  d^;ree  of  resemblance 
to  those  of  the  male  may  be  produced  by  the  enlargement  of  the  clitoris, 
by  its  furrowing  or  complete  perforation  by  the  urethra,  by  the  closure 
of  the  entrance  of  the  vagina  and  the  cohesion  of  the  labia,  so  as  to  present 
a  likeness  to  the  imfissured  perineum  and  scrotum  of  the  male,  by  the 
descent  of  the  ovaries  through  the  inguinal  ring  into  the  position  of  the 
male  testes,  and  by  the  impeifect  development  of  the  uterus  and  mamm®; 
with  these  abnormalities  are  usually  associated  roughness  of  the  voice  and 
growth  of  hair  on  the  chin,  and  a  psychical  character  more  or  less  virile. 
— True  Hermaphrodism,  in  which  there  is  an  absolute  combination  of  the 
essential  male  and  female  organs  in  the  same  individual,  is  comparatively 
rare.  It  may  occur  under  tibe  forms  of  lateral  hermaphrodism,  in  which 
there  is  a  genuine  ovary  on  one  side  and  a  testis  on  the  other,  in  which 
case  the  external  organs  are  usually  those  of  a  hypospadic  male  ;*  trans^ 
verse  hermaphrodism,  in  which  the  external  and  internal  organs  do  not 
correspond,  the  former  being  male  and  the  latter  female,  or  vice  versd ; — 

*  The  venctda  prostatica  has  presented  an  nnusnal  development  in  some  of  these 
cases ;  see  Prof.  Weber  (loc.  cit. ),  and  Prof.  Theile's  '  Account  of  a  CBse  of  Hypo- 
spadias,' in  "  Mttller's  Archiv,"  1847. 
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TmurefM  leclioil  tlitQU|ti  the  Emhrfo  ^f  the  Chick  at 
Lhje  ctcM  of  tiu  flnt  d^  of  iacnbatfoDt  mn^iQcfl  ah^Mt  100 
diunctcrfl  i-^J^  dLOtidu  dd»kliH ;  il,  ttUsmil  teta-ia  or  oomcal 
Ift^er^  m^  mHliiUanr  portJon  of  spruuf  iK^or;  JVp  pflrallir^ 
gTQQve  bi^tTVCcti  the  ac^al  Umliia;  J^  and  m ;  dd^  tiitemnil  epi- 
thelial or  Rlmdisliir  layer  (mudpas  lnjer)  j  mwp,  pfeftrtfbnl 
mnu.  bi  Which  ttafr  pHiiii>r|  or  protdvertvbnt  ara  KHined.  «id 
whieh  U  c^ntinuQiiB  niih  the  middle  lamina,  tpi  uwh,  flscuro  in 
th«  middle  lanUiuB^  prHoiitfn^  thfi  fitnt  indication  of  tbe  plooio^ 

peritoDml  <^«TiLy.  aod  nf  tbtJ  Buba«qumt  dliiilQi]  of  the  middle 

HUBiiia  laU>  two  lAjtn. 


;iud  double  or  vertical  lierinaplirodisixi,  in  which  the  proper  orgaaaa  ciia^ 
racteriBtic  of  one  sex  have  exlBted^  with  the  addition  of  eome  of  tbofie  of 
this  other ;  this  b  the  rarest  of  all,  and  it  ib  not  ccrt^iin  that  tlie  coextsteraoe 
of  test^  and  ovaria  oa  the  sajoe  side  hafl  ever  been  obserYod  in  the  Httm&D 
species** 

783.  We  have  now  to  follow  the  course  of  the  development  of  ike 
principal  organs  of  Aninial  lila ;  and  dhatl  tot  notice  tliat  of  tlie  Siel^lom, 

The  first  diStsrontiuAioii 
Fia*  139<  of  parts  that  occarB  in 

^e  middlQ  lamina  of 
the  blastodeEmuc  vodde 
(§  766)  IB  the  Ibrfitatlon 
of  a  eolid  cartil;^inciii» 
rod,  termed  the  noto- 
chord  or  chorda  dorsalis 
{ch,  Fig.  189),  which 
exticnda  throughout  the 
whole  length  of  the  fu- 
ture vertebral  colimin, 
and  along  the  base  of  the 
cranium  aa  lar  as  the 
space  between  tbe  audi- 
tory capfukft,  or  eren  to 
that  point  which  subsequently  becomes  the  pituitary  foasa*  The  chorda 
dorsalis  is  originally  composed  of  nucleated  cells,  that  in  the  first  instance  lie 
in  contact  with  one  anotheir,  but  are  soon  separated  by  the  dyvelopmetit  of 
intercellnlar  substance  or  matrix^  the  whole  being  enclosed  by  a  delicate 
sheath*  The  chorda  doraalisj  though  permaneut  in  the  lowest  fishes,  is 
only  a  tranaitory  structure  in  lilan  and  all  tlie  higher  Vertebnita.  Soon  aHer 
the  laying  down  of  this  cartilaginous  rod,  tlie  portion  of  tlie  middle  Ifttntny 
which  immediately  smrounds  it  (mvp^  Fig,  189,  uiv^  Fig.  190)  become 
detached;  and  in  the  portion  so  separated  the  first  rudiments  of 
veitebrm  ajipear  in  tlie  !brm  of  rings  surrounding  the  chorda  di 
More  externally,  the  middle  layer,  passing  Dutwards  and  downwarda, 
forming  what  is  known  as  the  Ventral  Lamina,  subdivides  into  two 
split  or  fissiue  (*/0j  which  is  the  first  indication  of  the  pleuro-peri 
cavity,  the  external  or  parietal  layer  (hpf)  forming  the  walls  of  the  ab- 
dometi  with  their  contained  structures,  and  ultimately  meeting  on  the 
median  Line  and  enclosing  the  abdon>inal  cavity  in  the  same  way  tJmt  IIm 
dorsal  lamina;  enclose  the  spinal  cord,  whilst  the  inner  or  fibrous  layer  (fV) 
develops  tJio  muscular  and  fibrous  layers  of  the  intestinal  canal,  the  inuer'- 
most  layer  (dd)  producing  the  proper  epitlieUiun  and  the  eeveral  glands 
connected  with  tlie  intestine .  At  this  period  tJie  primitive  aorta?  («^*^)  and 
the  first  urinary  organs  or  Wolffian  bodies  (awh)  begin  to  be  formed*  Thenfs 
are  developed  in  tlie  material  situated  externally  to  the  chorda  dor«alis, 
const!  fu  ting  a  portion  of  tlie  nnddle  lamina  of  tbe  blastotlemiie  voatde 
{nWf  Fig,  1911),  which  now  becomes  separate  and  distinct  from  the 
remainder  of  the  middle  lamina.      Boon  after  this  period  the  prevertebsaL 

'  Oil  tUiH  gulij^l,  see  Prt»t  SimpeoD's  Ariiele  *  Ileriiiniihrodlsm  *  in  tli^  *'  Ojrdop*  of 
Aaat  autl  Fh/s./*  vd.  iL 
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Transrene  MoUon  made  tliroagh  the  EwArwo  tj  a 
¥aml  «t  the  tlUrtj-dzth  hoar  of  Ineabation  x  foO:-«A, 
chorda  doraaUas  A.  external  lamina;  air,  medullary  tobe 
(spinal  cord) ;  dd.  mtestlnal  glandular  layer ;  <nr,  prererte- 
bral  masi ;  owA,  mcipient  oari^  in  the  same ;  ip,  split  in 
the  middle  lamina,  diTidinff  it  mto  an  external  or  parietal 
lamina*  \fL  and  an  internal  or  fibrous  layer,  </;  wmoh  are 
connected  dt  a  median  lamina,  mp.  The  position  of  the 
WolflBan  bodiea  is  represented  by  na^,  and  of  the  primitiTe 
aorta  by  ao. 


masses  {uw)  extend  themselves  so  as  to  embrace  the  chorda  dorsalis 
below  and  the  spinal  cord  above;  the  part  where  the  two  sides  unite  above 
being  called  by  Kathke  the 

mepmhrana    reuniena  supe-  Pio.  190. 

riovy  or  membranous  ver- 
tebral arch.  A  portion  of 
the  prevertebral  mass  also 
insinuates  itself  between 
the  chorda  dorsalis  and 
the  spinal  cord,  so  that 
the  former  is  entirely  in- 
vested by  it,  and  a  com- 
plete vertebral  column  is 
formed,  though  still  only 
membranousy  presenting 
two  tubes,  the  one  poste- 
rior, formed  by  the  arches, 
and  inclosing  the  spinal  cord,  the  other  anterior,  investing  the  chorda 
dorsalis.  In  the  membranous  arches  an  histological  differentiation  takes 
place,  by  which,  on  the  one  hand,  the  cartilaginous  arches  are  developed, 
and  on  the  other  the  anterior  and  posterior  roots  of  the  spinal  nerves 

(t;,i7,Fig.  174). 

784.  The  formation  of   cartilage  constitutes  the  second  stage  of  the 

development  of  the  vertebral  column.     It  commences  about  the   6th 

or  7th  week  of  foetal  life,  and  rapidly  extends  over  the  bodies  of  ihe 

future  vertebne,  so  that  already,  in  the  8th  week,  a  complete  cartilaginous 

column  with  a  membranous  intervertebral  ligament  is  formed;  the  chorda 

dorsalis  now  becomes  attenuated  and  b^ins  to  disappear  in  the  bodies  of 

the  vertebrae  (Fig.  191),  whereas  it  still  remains  disdnct  in  the  Ligamenta 

intervertebralia, 

and  consequently  Fio.  191. 

presents  a  monili- 

form  appearance. 

The  formation  of 

cartilage,    which, 

according  to 

Robin,*  is  every- 
where  developed 

before    the    sub- 
stance of  the  brain 

and    spinal  cord, 

takes  place  much 

more  slowly  in  the 

vertebral   arches, 

not    being  more 

advanced  at   the 

8th  week  than  is 

sliown    in     Fig. 

192;      80      that 

at  this  period  the  inedidla  spinalis  and  its  ganglia  are  only  covered  by  the 
*  Robin's  "  Joqriial  de  rAnalomie/*  toI  L,  1864,  pp.  274-299. 


Fig.  191.— Diagram  ihowinff  the  attenuation  of  the  Chorda  Donalia  ba. 
the  middle  of  the  bodies  of  the  vertebrw  whilst  preaerring  ita  orisinal 
diameter  in  the  invertebral  ipaoea :— cA,  chorda  ooraaUa }  v,  body  of  Ter- 
tebra;  U,  interrertebral  substance. 

Fig.  102.— Diagram  showing  the  position  of  the  chorda  dorsalis  in  the 
body  of  the  Yertebra  and  the  formation  of  the  neoral  arches :— dk,  chorda 
dorsalis;  cr.body  of  the  Yertebra;  o, neural  arch  or  neur^pophysis ; 
c,  rib ;  pTf  transYcrse  process. 
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membmna  reunlens  saperior*  The  arches  first  meet  and  enclose  the 
medulla  in  the  dorsal  region;  in  the  4tli  month  this  is  completed  through- 
out the  colnmn,  and,  except  in  the  coccy grail  region,  where  no  arches  mre 
developed,  the  form  of  the  future  vertebne,  in  which  osaification  has  alreodj 
commenced,  is  perfect.  The  development  of  the  atlas  ia  iirc^^ilar,  its  body^ 
which  ia  originally  traversed  by  the  chorda  dorsalis,  aa  shown  bj 
Rathke  and  Robin,  becoming  connected,  not  with  ita  proper  arch^  but 
with  the  body  of  the  axis  forming  the  odontoid  process  of  thi^  vertebra. 
The  ossification  of  the  vertebras  begina  at  the  end  of  the  2nd  or  the 
beginning  of  the  3rd  montli,  with  tliree  centres  for  each  vertebra,  one  for 
the  body  and  one  for  the  arch  on  each  aide.  These  parts,  however,  do 
not  unite  till  the  second  year  after  birth.  Accessory  centres  of  oaaificaticQ 
are  subsequently  formed  at  the  tips  of  the  spinous  and  tranaverse  p(ro- 
ceases,  and  in  the  form  of  thin  leaves  at  the  upper  and  lower  imriaces  of 
the  bodies,  which  resemble  the  epiphyaes  of  the  long  bonea.  The  car- 
tiJages  of  the  ribs  do  not  develope  at  once  in  their  whole  length,  but 
gradually  &om  the  spine  towards  the  sternum.  Their  ossilicatiQn  pro^ 
oeeda  contemporaneously  with  those  of  the  vertebriE  from  one  centre  for 
each  rib,  the  anterior  extremities  of  the  upper  seven  uniting  together  to 
form  a  broad  cartiJaginous  band,  which  constitutes  one  lateral  half  of  the 
sttrnum^  the  two  halves  subsequeatJy  uniting  from  above  downwards. 
An  arrest  of  thia  mode  of  development  e.T plains  the  monstrosity  called 
*  Fissura  Stemi,*  a  c-ase  of  which,  in  the  person  of  AL  Groux,  lately 
excited  so  much  interest  in  tliis  country. 

785*  In  order  to  &cilitate  the  comprehension  of  terms  now  fmy  geoie- 

Fia*  193.  B   su 


^rmenta  of  a  TtrttAfA  meeordints  to  P^f.  Ow«n  ^^k^  Idcil  t^pJt^J  rrrtcibfn : — % 
thof  Miq  Tcrtflb™  of  «  llird  :"C»««ifnim,  (rf  tiiiR--frfr  rf,  d,  the  diipo|>hjr*M,  ind  p.  f,  tlm  f 


pbjiH»  *  ths  hcariLl  atcti,  cnclaafnf  the  Eplnnl  eord.*  ti  formed  hj  ii,  b^  ths r  ^^ 

n  tjbe  tioqnJ  jipln* ;  tht  harmsl  ireb^  eticloffiuir  tli*  irr«t  wj»tr«  orth#clt«i|]atiiio.  b 
br  ^  \  tlie  hsoufionhjrveiv  and  k  w,  mb  lUPiiuJ  mjA&t.    Twim  botb  tM  f)etimpin>lir< 
»namh]rMt tOiur  M  RiT«ii-oir  tha  mjgmoaiikpm,  m,  t.    Tbt latoal anhca,  whic^  nur 
lJM¥«tibnl  artokf  oo^mn  com^^Mvij  m  t^n-pax^hprm,  pi;  ihew  in  a  are  bent  d 
wank,  ao  aa  Ui  form  part  of  the  hiemal  anh,  anu  gt«-olT  the  dheT^n^  ajn^^ndiirts  m^  n. 

rally  employed  both  in  Human  and  Comparative  Anatomy  in  regard  io 
tJie  parts  of  a  vertebra,  the  following  description  is  Itere  appetidcd. 
The    Gomptete    it/pical    vertebra    (Fig.    193,    a)    efiaentially    cooaiii* 
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according  to  Prof.  Owen,*  of  the  centrum^  around  which  are  arranged 
four  arches  enclosed  by  processes  in  connection  with  it :  viz.,  superiorly, 
the  neural  arch,  which  encloses  the  neural  axis,  and  is  formed  by  a  pair 
of  *  neurapophyses*  (/i,  n)  and  a  'neural  spine*  (»«)  ;  inferiorly  the 
hoemal  arch,  which  is  in  like  special  relation  with  the  centres  of  the 
circulation,  but  may  be  expanded  around  the  Visceral  cavity  generally, 
and  which  is  formed  of  a  pair  of  *  hsemapophyses'  (A,  h)  and  the  *  hsemal 
spine '  {hs) ;  and  two  lateral  arches,  enclosing  vascular  canals,  which  are 
bounded  by  the  *  diapophyses'  (c?,  d)  and  the  *  parapophyses'  (/),  /)),  and 
are  completed  by  the  *  pleurapophyses*  (/>/,  pJ).  Of  these  elements,  the 
centrum  is  the  most  constant ;  and  next  to  these  are  the  neural  arches, 
which  we  find  in  every  part  of  the  vertebral  column  through  which  the 
neural  axis  passes,  and  which  are  enormously  developed  in  the  cranial 
segments,  in  accordance  with  the  high  development  of  their  nervous  mass. 
The  haemal  arches  are  often  almost  entirely  deficient,  as  in  the  cervical 
and  lumbar  vertebrae  of  Man  and  the  Mammalia;  but  in  the  dorsal 
vertebrae  they  are  very  largely  developed,  and  the  elements  of  the  lateral 
arches  are  brought  into  connection  with  them,  so  as  to  form  the  inclosure 
of  the  visceral  cavity  (Fig.  193,  b).  From  the  pleurapophyses  are  occa- 
sionally developed  a  pair  of  *  diverging  appendages'  (a,  a),  which  are  well 
seen  in  the  ribs  of  Birds ;  and  these  are  considered  by  Prof.  Owen  to  be 
the  fundamental  elements  of  the  bones  of  the  'extremities'  or  'limbs,* 
those  of  the  anterior  extremity  being  on  his  view  the  diverging  appendages 
of  the  occipital  vertebra,  and  those  of  the  posterior  extremity  standing 
in  the  same  relation  to  one  of  the  sacral  vertebrae.  The  number  of  the 
segments  analogous  to  Vertebrae  entering  into  the  skull  has  been  a  sub- 
ject of  much  discussion  among  those  who  adopt  the  'vertebral  theory' 
of  its  composition :  but  Prof.  Owen  agrees  with  Groethe  and  Oken  (the 
original  propounders  of  that  theory)  in  fixing  the  number  at  four,  which 
corresponds  with  the  points  of  ossification,  succeeding  each  other  in  a  linear 
series,  that,  though  absent  in  the  earlier,  are  apparent  in  the  later  stages 
of  the  development  of  the  Encephalon,  namely  (proceeding  fix)m  behind 
forwards),  the  Epencephalon,  the  Mesencephalon,  the  Prosencephalon,  and 
the  Rhinencephalon  (Fig.  199);  and  also  corresponding  with  Qie  number 
of  the  nerves  of  special  sense,  the  Auditory,  Gustative,  Optic,  and  Olfac- 
tory, which  issue  firom  this  part  of  the  neural  axis  with  the  same  seg- 
mental regularity  that  the  ordinary  sensori-motor  nerves  do  elsewhere. 

786.  In  the  development  of  the  Skull,  the  same  three  stages  may  be 
traced  as  in  that  of  the  Vertebral  column,  namely,  the  membranous,  the 
cartilaginous,  and  the  osseous ;  the  result  of  the  first  two  forming  what  is 
now  called  the  Primordial  Cranium.  In  the  first  stage,  the  membrane 
of  the  craniimi  is  formed  from  the  anterior  part  of  the  prevertebral  plates 
(uwhy  Fig.  190),  which  shoot  forwards  in  front  of  the  pointed  extremity 
of  the  Chorda  dorsalis  or  Notochord,  and  throw  out  processes  on  either  side, 
that,  arching  upwards,  ultimately  form  a  case  for  the  brain.  An  essential 
difference  from  those  which,  as  we  have  just  now  seen,  enclose  the  Spinal 
Cord,  is  however  already  visible,  in  the  perfect  continuity  and  absence  of 
any  trace  of  segmentation  in  the  basal  mass.  The  form  assumed  by  this 
deposit  at  a  very  early  period  is  here  diagnunmatically  shown  (Fig.  194), 

*  See  hifl  "  Archetype  Skeleton, **  hia  "  Leetores  on  ComparatiTe  Anatomy/*  vol.  ii., 
and  bia  "  Diaoonrae  on  the  Nature  of  Limbe.*' 
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c  representing  the  atlas,  or  last  segment  of  the  true  vertebral  column^ 
formed  round  the  notochord,  a,  which  terminates  at  the  point  ^^  wherfl 
the  pituitary  bo<ly  subsequently  appeara.  In  fi-ont  of  the  atlas^  c^  aiid( 
also,  like  it,  surrounding  the  notocbord,  a  large  qnnntity  of  blasterai 
is  bid  down  anteriorly,  dividing  into  tivo  arms,  g^  termed  tb^ 
trabeculic  cranii,  that  separate  to  enclose  the  pituitary  foasa^  and  rcuuit^ 
in  firont  of  it  to  form  a  solid  mass,  the  nasal  frontal  process.  Prom  tha 
margins  of  this  great  basal  mass  of  the  primordial  cranmia,  a  meiubT^Qoiu 
investment  rises  up  to  cover  the  intra-craniaJ 
nervous  centres.  This  membranous 
which  accurately  Invests  the  rudimentary 
is  not  long  peirsistent,  but  soon  becomes 
converted  into  cartilage ;  the  change  comnie] 
at  the  base  in  the  Human  foetus  at  least  as 
as  the  second  montli,  whilst  tlie  upper 
retains  its  membranous  cooditiou  t^  a  mni^ 
later  period*  The  primordiid  cranial  axis  d 
Man,  thereforei  consists  of  three  part&— -1.  A 
membranous  roof;  2,  Chiefly  membranouB  lateral 
walls ;  and  3,  A  cartilaginous  base*  The  thirds  oi 
osseous  stage  of  development,  is  attained  bj  fouJ! 
difierent  processes,  namelj' — 1 .  By  direct  osai  Jic-sition 
of  a  portion  of  the  cartilage  of  the  pritnortlial 
cranium ;  2.  By  part  of  the  cartilage  remaining 
unaltered ;  3*  By  the  disappearance  of  a  smull  jmrl 
of  the  primordial  cartilage  \  and  4,  By  the  de{>ogj' 
tion  of  new  bone  in  the  form  of  opercular,  or  splinl 
minamoftliosphBioidWe.  ^^^^  ^^  ^^e  exterior  of  the  primordial  cramnra. 
The  first  point  of  ossification  appears  iinmedlately  in  fi?ont  of  thti 
foramen  magniun  about  the  ninth  week^  and  is  the  rudiment  of  Uae  basilaf 
portion  of  ^e  occipital  bone ;  a  second  (sometimes  double)  point  foiiul 
in  the  third  month  at  the  fore  part  of  the  Sella  ttu-cica,  and  ia  the  rudi- 
ment of  the  basisphenoid  or  posterior  portion  of  tlie  sphenoid  hone*  Stil 
more  anteriorly,  but  a  little  later  in  point  of  time,  a  t!jird  double 
of  ossification  may  be  seen,  which  ts  the  commencement  of  the  preepL 
and  in  front  of  this  again  an  ossification  commences  about  the  mld( 
foital  life,  which  subsequently  becoming  greatly  extended  in  a  vertical  di- 
section,  forms  the  perpendicular  plate  of  the  etlmioid.  With  each  of 
centres  of  ossification,  situated  along  the  fioor  or  base  of  the  sk 
superior  axch  is  connected,  composed  of  bones  analogous  to  the  lunit 
and  spines  of  the  Vertebra?,  and,  like  them,  enclosing  and  protecting  %h 
nervous  mass  within.  The  formation  of  the  superior  arch  in  eonnectioi 
with  the  basioccipital  centre  commences  at  an  early  period,  hy  U] 
appearance  of  two  additional  osaiiying  points  in  the  cartilage  on  eitb 
side  of  the  foramen  magnum,  which  develope  into  the  condyloid  ani 
latonil  portions  of  the  occipital  bone  or  ejeoccipitals ;  whilst  the  crowTi 
the  arch,  or  supra-occipital  bone,  represented  in  the  adtdt  bj  the 
expanded  plate,  is  formed  by  two  osseous  points  in  cartilage,  mnAi 
or  two  in  the  membrane  immediately  above  tlie  cartilage«  thM 
iequently  coalesce.  The  upper  arch  of  the  basisphenoid  begina 
bony  deposit  in  the  cartilage  representing  the  great  wings  of  the  spb< 
bone,  or  aHsphenoids  (*',  Fig.  194) ;  and  the  crown  of  this  arch  ^  formed  bv  %h* 
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Vertical  traosverte 
anterior  portion  of 
b<ui§  Cranti  :—c^  position  of  vomer ; 


section  of 
Frimtordial 


b,  perpendicular  lamina  of  eth- 
moid; 0.  right  ala  of  the  cartilage, 
firom  whicE  the  tnrbinal  bones, 
«  and/,  are  seen  prqjecting  on  ttie 
opposite  side;  d,  nasal  bones. 


parietals,  is  exclusively  produced,  not  by  iiitra-cartilaginous,butbyiiitra- 
membranous  ossification.  A  third  upper  arch  is  connected  with  the  pre- 
sphenoid  by  the  ossification  of  the  projections  of  the  presphenoid  (k),  repre- 
senting the  alae  minoresof  the  sphenoid  ororbito-sphenoids;  the  crown  of 
this  arch  also,  the  frontal  bone,  developing  by  intra-membranous  ossifica- 
tion, like  the  parietal  and  supra-occipital  bones.  The  most  anterior  of  the 
centres  of  ossification  that  appears  in  the  basal  cartilage  of  the  skull,  forms 
the  lamina  perpendicularis  of  the  ethmoid  (&), 
and  is  seen  in  vertical  section  in  Fig.  195.  At 
an  early  period  the  cartilage  sends  out  two 
processes,  c,  «,  which  enclose  the  nasal  fossae. 
The  superior  and  middle  turbinals  (opposite  e) 
are  developed  as  outgrowths  from  this  cartilage. 
The  inferior  turbinal  (f)  is  of  later  date.  The 
nasal  bones,  d,  d,  are  developed  as  opercu- 
lar bones  in  the  membrane  covering  the 
primitive  cartilage,  and  overlie  the  nasal  car- 
tilage; whilst  at  the  base  of  the  cartilage, 
but  developed  from  membrane,  is  the  vomer 
(a).  The  remaining  bone  which  enters  into 
the  formation  of  the  skull  is  the  Temporal, 
the  development  of  which,  formerly  much 
misunderstood,  has  been  very  carefully  investi- 
gated by  Prof  Huxley,  Mr.  Parker,  and  others; 
from  whose  inquiries  it  appears  that  the  squa- 
mosal portion,  like  the  parietal  and  frontal  bones, 
is  developed  from  membrane.  Below  this,  and  developed  firom  fibro- 
cartilage,  a  ring  of  bone  appears,  incomplete  above,  forming  the  auditory 
meatus,  and  termed  the  tympanic  bone.  Finally,  there  are  three  centres  of 
ossification,  for  which  Mr.  Huxley  proposes  the  terms  prootic,  epiotic 
and  opisthotic.  The  prootic  lies  behind  the  foramen  ovale,  and  forms  the 
petrosal  bone,  or  petrous  portion  of  the  temporal.  The  epiotic  surmounts 
the  posterior  vertical  semicircular  canals,  and  forms  the  mastoid  portion  of 
the  temporal ;  whilst  the  opisthotic  is  continuous  with  the  ossification  which 
primitively  surrounds  the  fenestra  rotunda,  and  forms  the  floor  of  the 
Tympaniun,  lying  in  front  of  the  point  of  exit  of  the  8th  pair  of  nerves. 

787.  The  development  of  the  Face  next  claims  our  attention.  It  pro- 
ceeds from  three  parts,  two  of  which  are  symmetrical 
and  the  third  single.  The  first  two  are  the  first  pair 
of  visceral  arches,  with  their  superior  (a.  Fig.  196) 
and  inferior  (i)  maxillary  processes,  and  the  external 
nasal  process :  the  asymmetrical  part  is  the  frontal 
process,  with  its  alse  or  internal  nasal  processes  (seen 
on  each  side  of  n/J  Fig.  197),  the  development  of 
which  into  the  turbinals,  covered  by  the  nasals,  has 
been  already  alluded-to.  The  two  lateral  halves  of 
the  first  visceral  arch  (i,  Fig.  196)  uniting  in  the 
middle  line,  form  the  rudiment  of  the  lower  jaw, 
and  originally  consist  of  two  parts  on  each  side, 
one  of  which,  the  inferior  maxillary  process,  is 
cartilaginous,  becoming  converted  at  its  base  into 


Human  Embrwo  at  the 
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arches;  a.  the  maxillarjr 
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the  mcus  (^r.  Fig.  1^8)  aiit]  the  inalleua  (ft);  whilst  its  apex  is  proloi 
downwards  aod  foTwards  in  the  form  of  a  filender  rod,  Imown  under 
name  of  Meeker^  Cartilage,  on  the  outer  aide  of  which  the  lower  jaw  (tl) 
in  developed  as  a  eplint-bcne.  The  lower  jaw  thui  stands  in  tlie  lanie^ 
Telntion  to  Meckere  Cartilage  that  the  opercular  bones  do  to  the  pritnitiYQ 
cranial  bones ;  and  it  origi  nailer  consists  of  two  halFes^  united  bj  a  kind 
of  BynchondrosiSf  which  does  not  ossify  till  aller 
birth.  The  malleus  and  incus oeaify  in  the  fourth 
month  from  the  surface  inwards,  whikt  Meckctl^i 
cartilage  dies  away,  except  near  its  root^  wl 
ossifies  into  the  processus  gracilis,  or  long  pi 
of  the  malleus.  The  superior  maxillary  pi 
(rjf  Fig.  197)  of  the  first  visceral  arch  furnish^ 
Pterygoid  (k.  Fig.  198)  and  Palatine  (0  boaeij 
which  begin  to  ossify  in  nascent  or  simple  cjirtilag€ 
at  about  the  close  of  the  second  month.  Th  e  su|>er  iof 
maxiUary  and  zygomatic  bones  each  ossify  (rotti  oua 
centre,  at  the  end  of  the  second  month ;  and  thaaep 
together  with  the  hichrymal  bones,  are  to  be  re- 
garded as  opercular  bones.  With  regard  to  tli4 
intermaxillary  bone,  it  is  probable  that  this  ii 
develD[>ed  i^m  an  ossific  centre  in  the  ni^mbrane^ 
independently  of  the  superior  maxilla,  though  h 
joins  with  it  about  the  middle  of  the  tljird  mouth* 
The  Vomer  bears  the  same  relation  to  the  base  of  the  septum  nasale ;  M 
appears  in  the  third  month,  and  haa  then  the  form  of  a  semi-caual.     At 

first,  the  month  is  a  wide  cari^j 
which  is  Buhsequentiv  dtrldec 
into  a  respirutoiy  and  dlgestiri 
cavity  by  the  lateral  growth  O 
the  superior  maxillary  prooe^Q 
of  the  first  visceral  arch;  thtli 
constituting  partitions  on  elthci 
side,  caUed  Pakte- platen,  whicl 
a^r  the  eightli  week  begin  t4 
coalesce  from  before  backwnxtl, 
An  arrest  of  development  at  thil 
period    produces    the    d( 

termed  Clefl-palate.     The       

visceral  arch  ia  originally  in  con* 
n€ction  with  the  base  of  the  Bkullg 
near  the  posterior  sphenoid  bonei 
from  which  it  becomes  sul 
quently  separated  by  absorption  o< 
its  "  proximal  piece."  ThiJ 
basal  piece  becomes  the  «tap« 
(e.  Fig,  198),  and  comes  Into  rda< 
tion  with  the  labyrinth ;  it  ts  a 
first  imperforate,  and  ossifies  from  three  cendiea  later  dian  the  other  b<ii)««,^ 
The  second  portion  of  the  branchial  arch,  which  does  not  become  cartihigi^ 
furnialies  the  musculus  stapedius:  then  follows  a  long  piece  of  cartihigp^ 
which  unites  with  the  mastoid  proce^  of  the  primordial  cranimuj  anc 


ZNjkirmn  of  the  fl»t  uid  Mcond  poctdldm*! 
(7i«e«ml}  uich«  oi  Muman  Embryj  i—a^  tsciu;  6, 
raollsiu;  6,  Mvektl'B  outitafvi  ^,  dentin  |  t, 
■Up«i;/,os<irbkalu«$  g,  upper  hjoid  ciifttlitei 
tmnt^m  g  ind  1 1*  l}i«  mdlindut  of  (]»  ituMdltd 
mufclti  11^  ratddlv  liyohl  cortila^f  t,  tniiQititDt 
oftb«  corny  minor  i^roi  h^oidtn;  k,  bufhyBlr  L 
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furnishes  the  eminentia  papillaris  and  the  styloid  process.  The  most 
anterior  portion,  which  never  unites  with  the  corresponding  portion  of 
the  other  side,  becomes  partly  cartilaginous,  and  furnishes  tJbe  comu 
minus  (t)  of  the  hyoid  bone,  and  stylohyoid  ligament.  The  third  arch 
furnishes  the  body  of  the  hyoid  bone  and  great  comua,  which  ossify  in 
the  eighth  month. 

788.  From  the  foregoing  brief  outline  of  the  development  of  the  skull,  it 
will  be  seen  that  no  segmentation  of  the  cartilaginous  basis  takes-place  at  all 
analogous  to  that  which  occurs  in  the  vertebral  column  at  the  same  period  of 
its  development;  and  therefore,  as  Mr.  Huxley  observes,  that  it  is  impossible 
to  admit  die  existence  of  a  series  of  cranial  vertebrse,  still  less  to  define  their 
several  parts  by  means  of  terms  especially  adapted  to  the  description  of  those 
bones  which  constitute  the  spinal  colunm.  At  the  same  time,  a  very  super- 
ficial investigation  of  the  process  of  ossification  leads  to  the  conclusion  that 
this  takes-place  in  such  a  manner  as  to  produce  a  series  of  segments  which 
are  the  more  closely  analogous  to  those  of  the  vertebral  column  the  more 
posteriorly  they  are  situated,  as  we  see  in  the  occipital  and  sphenoid  seg- 
ments ;  whilst  in  those  that  are  more  anterior  the  modification  of  structure 
is  so  great,  that  scarcely  any  trace  of  the  form  of  a  vertebra  remains,  as 
appears  in  the  case  of  ^e  presphenoid  and  ethmoidal  segments. 

789.  Within  the  Cranio-spinal  canal  thus  formed,  the  rudiment  of  the 
Cerebro-spinal  axis  is  found,  at  first  under  a  very  different  aspect  firom 
that  which  it  subsequently  presents,  especially  as  regards  the  relative 
proportion  of  its  different  s^ments.  According  to  the  investigations  of 
Bidder,  Kupffer,  and  Kblliker,  in  Man  and  Birds,  the  spinal  cord  consists, 
afler  the  closure  of  the  lamince  dorsales,  of  a  canal  surrounded  by  cells 
arranged  in  a  radiating  manner.  These  separate  into  an  external  layer 
composed  of  grey  matter,  and  into  an  inner  layer  constituting  the  epithe- 
lium of  the  cansd.  The  white  substance  appears  later  than  the  grey,  and 
is  unquestionably  developed  from  it  In  tlie  first  instance  it  consists  of 
four  cords  or  strands  arranged  in  pairs,  which  subsequently  become  con- 
nected in  front  by  a  white  commissure.*  According  to  the  researches 
of  Lockhart  Clarke,  in  Man,  Mammalia,  and  Birds,f  the  spinal  cord,  in 
its  earlier  stages  of  development,  consists  of  a  canal  surroimded  by  a 
homogeneous  layer  of  small  cells  or  nuclei,  which  are  not  distinguishable 
from  each  other  in  appearance,  and  are  so  closely  aggregated  as  to  seem 
in  actual  contact.  This  layer  continues  to  increase  in  depth,  and  under- 
goes a  differentiation  into  two — ^an  inner  or  epithelial,  and  an  outer  or 
grey,  layer;  while  at  the  same  time  the  small  cells  of  both  layers  are  un- 
interrupted, connected  by  a  continuous  network  of  fibres  which  forms 
between  them.  As  development  progresses,  a  diversity  of  structure 
ensues  in  the  grey  substance ;  the  cells  or  nuclei  of  the  anterior  grey 
substance  becoming  much  larger  than  those  of  the  posterior,  and  being 
connected  by  a  coarser  and  more  granular  network.  From  these  nuclei 
are  developed  a  number  of  large  roimdish  or  irr^^ar  but  adjacent  cells, 
with  thick  nucleated  walls  which  are  connected  with  the  surrounding 
network,  and  have  precisely  the  same  appearance  as  the  connective  tissue 
of  parts  external  to  the  cord.  It  appears  then,  that  in  these  early  stages 
of  development,  there  are  at  least  two  kinds  of  free  nuclei  in  the  grey 
substance  of  the  cord.     The  one  kind  appear  to  develope  the  general 

•  KoUiker,  '*Entwick.,"  pp.  259,  260. 
t  ♦*  Pba.  Trans.,"  1862,  p.  911  et  aeq. 
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network  of  tiesiie  which  perradea  the  entire  structure^  but  proceed  no 
furiheT ;  whereas  each  of  tho  other  kind,  while  ccmnected  with  this  nel^ 
work  as  well  as  with  nerve- fibres,  develops  n  nucleated  ceil,  with  a 
nucleated  wail  winch  ia  still  connected,  and  nltitn^itelj  blended,  witJi  the 
surrounding  reticular  sftmcture.  Through  the  medium  of  this  inten*emng' 
reticular  structure,  the  walla  of  the  nerve-ceUs,  the  walk  of  the  blood- 
veaseb,  tlte  procesaes  of  the  epithelium,  and  the  pia  mater  on  the  surface 
of  the  cord,  are  all  unintermptediy  continnous  with  each  other; 
since  the  processes  of  ncrve-celb  constitute  the  axis-cyhnderB  of  the 
motor  nerves  distributed  to  parts  external  to  t!ie  cord,  Mr,  Clarke 
it  probable  that  some  of  those  processes  which  are  lost  by  subdivisi^ 
the  intervening  nucleated  and  reticular  tissue  tcithitt  tlie  eord^  are 

means  of  transmitting  nerve-power  to  that  tissue,  and  through  that,  to  

coats  of  Its  blood-vessels,  from  which,  by  their  uamterrupted  connection 
with  them,  the  nerve* celk,  In  return,  receive  tlieir  supply  of  nutritnetit, 
790.  The  Encephalon,  at  about  tlie  6th  week,  is  seen  as  a  seric 
of  veaicleji  arranged  in  a  line  with  each  other  (Fig.  199);  of  which  tho^ 
tliat  represent  the  Cerebrum  (b)  are  the  smallest,  whilst  that  whicli  repre- 
sents the  Cerebellum  {d)  ia  the  largest.  The  ktter  {or  Epertcephalon)^ 
iu  Fishes,  is  aicgle,  covering  the  fourth  ventricle  on  the  dorsal  snrlace  of 
the  Medulla  Ublotigitta.  Anterior  to  tliis  is  tlie  single  veaicie  (a)  of  the 
Corpora  Quadrigemina  (or  Meseticephalofi)^  from  w^hich  the  optic  nervea 
partl}^  arise ;  this  hfis  in  its  interior  a  cavity,  the  ventricle  of  Syl 
which  ia  persist^Dt  in  the  adult  Bird,  though  obliterated  in  the 
Mammal.  In  front  of  this  is  the  vesicle  (p)  of  the  Third  Ventricle 
Dtmtencephalonjf  which  also  contams  the  Thahuni  Optici ;  as  develop- 
ment proceeds,  thia,  like  the  preceding,  is  covered  by  the  enlarged  Hemi- 
spheres ;  whilst  its  roof  becomes  clell  anteriorly  on  tlie  median  line,  90 
as  to  communicate  with  tlie  cavities  which  they  include.  Still  mora^ 
imteriorly  (6)  is  the  double  vesicle  (or  Prosencephalon)  which  representa 

the  hemispheres  of  the  Cerebrum ;  ihm 
has  a  cavity  on  either  side,  the  iloor  of 
which  is  formed  by  the  Corpom  Striata, 
and  which  has  at  first  no  opening  ex- 
cept into  the  third  ventricle;  the 
*  fiEsure  of  Sylvius^  (which  enable  tha 
membranes  of  tlie  brain  to  be  redected 
into  the  lateral  ventricles)  being  formed 
at  a  later  period.  The  Rhinmtcephalon 
(consisting  of  the  Ohactive  ganglia)  13 
seldom  distinctly  marked-out  in  tlie 
early  stage  of  development  of  thi.^  higher 
Vertebra ta,  though  vejry  obvious  in  ti*at 
of  Fishes, — Thus  in  tlie  small  propor- 
tion which  the  Cerebral  Ilentispherea 
hear  to  the  other  pu^ts,  in  the  absence 
of  convohitiona,  in  the  deliciency  of 
commissiu*ee,  and  in  the  gt>ncrid  sim> 
pHcity  of  structure  of  tlie  whole,  thare 
is  a  certain  correspondence  between  tlie 
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^  or  flltth  week,  eiittrgtd 
li  tlwii  tinea  r—ii,  vakle  of  Corpam 
,  ._.__jii  frf  Tcaide  of  Curebml  He- 
mliiiliem;  e,  ventinL'  uT  Tttlrd  Ventrical ; 
J,  TmMa  fwr  CprthVelliiro  and  MtMlulk  OU* 
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brain  of  the  Human  embryo  at  this  period,  and  that  of  a  Piflh  ;  but  the 
resemblance  is  much  stronger  between  the  foetal  brain  of  the  Fish  and  that 
of  the  Mammal ;  indeed  at  this  early  period  of  their  formation,  the  two  could 
scarcely  be  distinguished ;  and  it  is  the  large  amoimt  of  change  .which 
the  latter  undergoes,  as  compared  with  the  former,  that  causes  the  wide 
dissimilarity  of  their  adult  forms. 

791.  At  about  the  12th  week,  we  find  the  Cerebral  Hemispheres 
much  increased  in  size,  and  arching-back  over  the  Thalami  and  Corpora 
Quadrigemina  (Fig.  200) ;  still,  however,  they  are  destitute  of  convolu- 
tions, and  are  imperfectly  connected  by  commissures ;  and  there  is  a  large 
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Braiu  of  Human  Entlnyo  at  twelfth  week . — a,  seen  Trom  behind ;  m,  tide  view ;  o,  Mctional 
view;  a,  corpora  quadrigemhui ;  ft, ft,  hemispheres ;  (i,  cerebellum;  ^medalla  oblongata;/; 
optic  thalamus;  g,  floor  of  third  venbicle;  i,  oUactory  nerre. 

cavity  yet  existing  in  the  Corpora  Quadrigemina,  which  freely  communi- 
cates with  the  Third  Ventricle.  In  all  these  particulars,  there  is  a  strong 
analogy  between  the  condition  of  the  brain  of  the  Human  embryo  at  this 
period,  and  that  of  the  Bird. — Up  to  the  end  of  the  3rd  month,  the 
Cerebral  Hemispheres  present  only  the  rudiments  of  anterior  lobes,  and 
do  not  pass  beyond  that  grade  of  development  which  is  permanently 
characteristic  of  the  Marsupial  Mammalia,  the  Thalami  being  still  but 
incompletely  covered-in  by  them.  During  the  4th  and  part  of  the  5th 
months,  however,  the  middle  lobes  are  developed  from  their  posterior 
aspect,  and  cover  the  Corpora  Quadrigemina ;  and  the  posterior  lobes,  of 
which  there  was  no  previous  rudiment,  subsequently  begin  to  sprout  fix)m 
the  back  of  the  middle  lobes,  remaining  separated  from  them,  however, 
by  a  distinct  furrow,  even  in  the  brain  of  the  mature  foetus,  and  some- 
times in  that  of  older  persons.  In  these  and  other  particulars,  there  is  a 
very  close  correspondence  between  the  progressive  stages  of  development 
of  the  Human  Cerebrum,  and  those  which  we  encounter  in  the  ascending 
series  of  Mammalia.* 

792.  The  development  of  the  Ei/e^  commences  by  a  protrusion  from 
the  posterior  part  of  the  anterior  cerebral  vesicle,  representing  the 
*  vesicle  of  the  thalami  optici,*  which  is  at  that  time  hollow ;  and  the 
cavity  of  the  protrusion  is  continuous  with  that  of  the  vesicle  itself,  which 
remains  as  the  '  third  ventricle.'     At  this  period,  according  to  KoUiker, 

*  See  an  acconnt  of  the  observations  of  Prof.  Retzins  on  the  Development  of  the 
Cerebrum,  in  the  "  Archives  d*Anatomie  G6n6rale  et  de  Physiologie,"  1846. 

t  See  the  excellent  Memoir  of  the  late  Mr.  H.  Gray  in  the  "  Philosophical  Transac- 
tions/'1850;  Eolliker,  "Entwickel.  des  Menschen,"  1861,  p.  278;  Peter  Toung,  <  On  the 
Development  of  the  Eye  in  the  Chick,'  "  Med.-Cliir.  Kev./'  1858,  voL  xxii.  p.  187 ;  and 
Klebs  in  **  Viitrhow's  Archiv,"  band  xxviii. 
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tram  an  tinibrjo  Kt  about  the  B5th  butiT  of  mcubatlsm ;  S^ 
trata  on  embryo  &  ift9«r  hctars  older;  3,  fTani  im  emtiTTa  at 
llie  4th  day  of  iDcabfttiQn :— A*  <^nioii]  lamina ^  f,  la>N  m  Fip.  I, 
ttill  ftoaDected  with  the  com^  ]ianiina,iind  prNRseflvrng  u  iiHAll 
«fttlt|  (o)  in  iU  mU'rior,— hi  Fi^,  2  and  3  it  li  »n!£t  dciocbod 
but  itfU  boDow  i  r,  irirrt>V€rt«i:]:  portion  of  the  piimllive  aptia 
TV^te,  nibaequf^ntlj  bfcun^iug  ihf^  reiloa^  u,  piytichor  pert 


of  ^le  optic  fu#ii4o,.  wbiL-b,  aj»OTdiDf  to  Rcmulc,  probabb  be^ 

I  tm  chDroid  coot,  cliiarr  proc^tten^  and  LrU,  and  in  tigs. 

od  2  in  Blill  ctjuutfcted  with  the  brain  by  tbs  bullow  optic 


scrre  ^  £,  thfekf  niur  <ir  tbe  come&t  lamina  arouoil  thK  vjHft 
froni  Ttbich  tbo  Icda  W  detach^  itwlf ;  f^  Yitiwii*  budy. 


th€y  are  covered  by  the  embryonic  layer^  wliich  aubsequently  form 
cutis  and  epidermis,  and  these  enter  to  an  important  extent  into  th& 
formation  of  the  eyeball.  The  primitive  eye- vesicle  does  aot  alone  pro- 
duce the  Bulbus  Ocidi,  for  this  is  formed — 1*  From  the  ptiinary  vesicle  ^ 

2.  From  an  involution  of  the 
skiU|  which  forms  the  Leom 
and  Vitreousbody;  3,  From 
an  extema.1  layer  deriTad 
&om  tlie  middle  layer  of  th^ 
blaatodennic  vesicle,  whicll 
forms  the  Sclerotic  comes« 
and  perhaps  also  part  of  tho 
vitreous  body*  As  doon  at 
the  primitive  eye- vesicle  haa 
aMumed  ite  permanent  posi- 
iion  at  the  base  of  the  second 
division  of  the  brain ^  tha 
corneal  layer  indents  or 
sinks  into  ita  anterior  sur- 
face, becoming  itself  so  con- 
stricted as  to  form  a  sac^ 
from  the  cells  lining  which 
the  Lt^a  is  subBeciuentJy, 
developed;  wHlst  the  re- 
side iu  like  mmtmcr  forms 
shallow  depression  with  two  layers^  the  edges  of  which  surround  the  LenB. 
At  the  same  time  the  cutis  of  the  inferior  surface  of  the  Head  extends  itseli 
from  the  Lens  towards  the  primitive  vesicle  and  its  peduncle  (w^hicb 
becomes  at  n  later  period  the  Optic  Nerve).  A  new  space  is  thus  formed 
behind  the  Lens,  winch  contiilns  the  first  trace  of  tlie  vitreoufi  body,  Coia- 
cidently  with  the  growth  of  this,  the  optic  nerve,  which  was  at  first  hollow, 
becomes  tapelike  and  solid,  and  afterwards  converted  in  to  a  semJ-ciimal,  qj 
below.  The  vesicle  itself  now  looks  like  a  double  flat  cup,  on  one  sir 
which  there  is  a  broad  split, which,  however,  does  not  conduct  into  the 
rior  of  the  vesicle,  but  forms  a  new  cavity,  the  "  secondary  Eye-vesicJe. 
With  the  progress  of  development^  the  slit  of  the  secondary  vesicle^ 
and  the  furrow  of  the  optic  nerve,  in  which  the  Arteria  centralb  mtm^ 
close.  In  addition  to  this,  the  anterior  opening  of  the  secondary  vesa€l% 
in  which  the  Lena  was  situated,  and  which  was  always  covered  by  tli4 
epidermal  layer,  becomes  invested  with  the  Sclerotic  and  Cornea,  Tha 
body  of  the  Lens  is  formed  by  the  columnar  and  radially -disponed 
epithelial  cells  lining  the  saccular  involution  of  the  cutis ;  ^ese  soon 
become  changed  into  fibres,  and  the  cavity  is  obliterated.  As  to  th^ 
formation  of  the  structureless  capsnlef  aud  the  vascular  capsule  of  tb^ 
embryonic  lens,  RolUker  considers  the  first  to  be  an  exudation  of  ihi 
p^ipheral  cells  of  the  lens,  whilst  the  second  is  a  portion  of  the  ctitiai 
which  becomes  detached  at  its  first  involutioD-  The  pigmentary  layei! 
of  the  Choroid  is  derived  from  the  outer  lamina  of  the  secondary  vesicla, 
The  va^ular  layer  is  deposited  externally.  The  Choroid  only  reachei 
as  ihr  as  tlie  e%ea  of  the  lens  at  firsts  and  no  trace  of  Iris  can  at  that  tiiti4 
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be  discovered.  At  the  end  of  the  second  month  the  iris,  at  first  repre- 
sented by  a  colourless  lamina  in  which  pigment  is  afterwards  deposited, 
grows  out  from  the  edge  of  the  choroid,  and  insinuates  itself  between  the 
lens  and  cornea.  The  Retina  is,  at  first,  part  of  the  primitive,  and  at  a 
later  period,  part  of  the  secondary  vesicle.  It  is  derived  exclusively  from 
the  internal  lamina  of  the  latter ;  it  is  therefore  a  true  saccular  involu- 
tion of  the  brain,  and  the  first-formed  coat  of  the  eye ;  it  reaches  the  edge 
of  the  lens,  and  ends  there  abruptly  with  a  thick  edge.  The  development 
of  its  anterior  half  ceases  during  the  latter  part  of  foetal  life,  and  this 
part  is  gradually  transformed  into  the  Pars  ciliaris,  which  in  the  adult 
does  not  contain  any  nervous  element.  The  Macula  lutea  is  not  present 
in  the  embryo,  nor  in  the  new-bom  infant.  Lastly,  the  Sclerotic  and 
Cornea  are  not  originally  formed  with  the  primary  vesicle,  but  detach 
themselves  secondarily  firom  the  adjacent  parts  of  the  Head-plates,  like  the 
dura  mater  and  pia  mater  from  the  prevertebra?. 

793.  Development  of  the  Ear, — The  Ear  is  made  up  of  parts  which 
have  the  same  threefold  origin  as  the  eye,  one  portion  being  derived 
from  the  skin,  another  from  the  medullaiy  tube,  and  a  third  from 
the  middle  blastodermic  layer;  but  it  dififers  from  the  eye  in  the 
circiunstance  that  it  is  never  a  sac  commimicating  with  the  vesicles 
of  the  brain.  The  acoustic  nerve  is  formed. in  the  prevertebral  plates 
of  the  head,  and  is  subsequently  connected  on  the  one  hand  with 
the  3rd  brain-vesicle,  and  on  the  other  with  the  Labyrinth.  The 
latter,  including  the  membranous  sacs,  semicircular  canals,  and  cochlea, 
are  derived  from  the  outer  skin,  and  are  represented  at  first  by 
a  vesicle  with  an  opening  looking  outwards.  To  these  two  most 
essential  parts  of  the  Ear  there  are  added  parts  derived  frt)m  the  middle 
vitelline  membrane,  viz.,  the  cartilaginous  and  some  of  the  membranous 
investments  of  the  Labyrinth ;  and,  lastly,  certain  parts  frt)m  the  branchial 
arches  and  the  first  branchial  fissure,  from  which  the  middle  and  external 
ear  are  developed,  as  well  as  the  ossicles  and  the  tympanum.  In  Man  the 
vesicles  are  first  found  about  the  4th  week,  possessing  an  epithelial 
investment  derived  from  the  corneal  layer :  these  are  the  Yestibida.  The 
vesicles  or  vestibules  then  close  and  become  pyriform  ;  and  the  small  end 
puslies  out  a  hollow,  club-shaped  process,  *  processus  vestibuli,'  which  is 
connected  with  the  dura  mater,  its  pedimcle  passing  through  Uie  Aquse- 
ductus  vestibuli  to  the  Atriimi.  Soon  afterwards  the  Codilea  makes  its 
appearance  as  a  process  from  the  vestibule,  shooting  in  an  antero-inferior 
direction.  The  Semicircular  Canals  are  at  first  straight  tubes,  receiving 
their  characteristic  curvature  and  ampullse  at  a  later  period.  The  remain- 
ing portion  of  the  vestibule  forms  the  Fovea  hemispherica  and  the  Fovea  hemi- 
elliptica.  The  petrous  portion  of  the  temporal  bone  is  developed  from  a 
thin  layer  of  connective  tissue  surroimding  the  labyrinth,  which  subse- 
quently becomes  cartilaginous  (8th  week).  In  Man  the  cochlea  makes 
one  entire  turn  in  the  8di  week;  at  the  end  of  the  3rd  month  the  canal  is 
complete.  The  Spiral  Lamina  is  not  completed  till  after  the  6th  month. 
— The  modiola  and  the  spiral  lamina  only  ossify  in  the  last  months.  The 
Middle  Ear  (including  the  external  meatus,  tympanum,  and  Eustachian 
tube)  is  formed  by  the  partial  closure  of  the  first  branchial  cleft  at  the 
4th  week.     At  the  3rd  month  the  ossicula  are  formed,  and  are  then  seen 
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lying  nvepj  not  in,  tlie  tympanic  cavity,  imbedded  in  geladtioua  tiss^ 
The  Eustachian  tub©  reioftina  closed  dtirmg  the  whole  of  foetal  life  b 
gelatinous  tisiue,  the  OHiilaginouja  portion  bemg  formed  at  tii6  it 
month.  The  laastoid  cells  only  appear  at  puberty.  The  membraa 
tympani  is  at  first  very  thick,  aad  horizontal  in  poflition. — Th«  Mmierm 
Ear  h  developed  from  the  Annulus  tympaidcus,  a  email  bone  wMcfa  coj 
be  separated  ^t  birth,  and  gradually  ^ongatea.  The  cartilage  &tid  attrtd 
are  formed  from  the  skin  Umt  surroumdi  the  outer  opening  of  the  fin 
branchial  ckft.  The  auditory  capsule  b  developed,  according  to  Huxley 
from  three  sepafAte  osstlication^  arising  in  the  periotic  caitUaginous  mass 
— an  anterior  oesificadoii,  tl>e  prootie,  a  superior  and  posterior  one,  tb 
epiotic,  and  an  inferior  and  posterior  one,  the  opistbotic.  Of  tbe  tlire 
oflsieula  audit QSj  the  stapes  is  the  proximal  portion  of  the  second  viaeen 
aveh.  It  is  the  equivalent  of  the  columella  of  air-breatlung  ovipuca, 
probably  of  the  symplectic  bone  in  fishes.  The  incus,  with 
orbicularCi  is  the  prt*ximal  portion  of  the  first  visceral  arch.  In 
lower  Vertebratai  it  is  represented  by  tlje  os  t|uadratum.  The  mj 
lena  is  tlie  distal  portion  of  tlie  i^sl  viscertd  urcL,  and  is  the  modii 
fied  OS  articulare  of  fiali,  reptUes,  &c.  The  processus  gracilia,  at 
early  period  of  fetal  lile,  is  the  cartilage  of  Jleckel,  and  tnoe^ 
fellow  in  the  middle  line  below  the  mouth,  forming  a  peribet  primoi 
lower  Jaw, 

794,  Organ  of  Smell. — ^ According  to  Baer,  the  muiil  fbmm 
at  first  disdnct  from  tiic  ond  cavity,  subsequently  communlcmle 
it,  and  are  finally  divided  into  two  portions^  of  which  one 
the  respiratory  fiortion  of  the  na^al  cavity,  whilst  the  other 
the  true  olfactory  portiou  and  labyrinth  of  the  Nose,  In  fbo  Hu52 
subject  two  depressions,  the  nasal  foasaQ,  are  "well  marked  at  tba  eoi 
of  the  4th  week.  In  the  Gth  week  these  tmsm  communicate  belon 
with  the  oral  cavity  hy  a  groorre.  At  the  end  of  the  2nd  moutl 
the  groove  closes,  and  the  labyrinth  communicates  with  the  mo4 
anterior  part  of  the  oral  cavity  by  means  of  two  narrow  orificea»  whic 
are  tbemjBelves  rapidly  closed  by  the  formation  of  the  palate  dividii^ 
the  nose  from  the  moutli,  dight  traces  of  them  remaining  In  t&dal 
life  in  the  Naso-palatine  foramen*  At  the  lOtii  week  the  postcrict 
nasal  orifices  are  formed  on  eillier  side  of  the  Septum.  The  Labyrintl 
ia  wholly  developed  from  the  corneal  layer  investing  the  nasal  fossaio 
It  is  fully  formed  at  the  close  of  the  3rd  month,  though  the  accos^ior} 
cavities  of  tlie  frontal,  spheuoidal,  and  ethmoidal  sinuses,  witlt  tin 
antrum  of  High  more,  are  yet  absent,  and  are  not  completed  till  JiAcq 
the  6lkh  month.  The  outer  nose  begins  to  grow  out  from  the  na^il  pail 
of  the  primordial  cranium  about  the  end  of  the  2nd  month.  In  tbi 
3rd  month  the  na^^al  orifices  are  closed  by  a  gelatinous  plug,  wkicb  dij^ 
appears  ailer  the  5t,h  month,  and  seems  to  consist  of  mucus  and  epti 
platea^  As  to  the  share  of  the  nervous  system,  we  have  already 
the  olfactory  tract  and  bulb  are  evolutions  of  the  1st  brain^veBide,  um 
nothing  is  known  in  respect  to  the  development  of  the  ncrvtii  from  thi 
bulb.  Here  also,  thereibre,  the  comeiil  layer  play  a  an  important 
It  ij,  however,  never  shut  off  as  a  closed  vesicle.  The  several  steps  of  tli 
development  of  this  organ  are  met  with  in  the  various  ckaaea  of  animak 
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the  small  closed  fossae  remind  us  of  Fishes ;  the  short  nasal  ducts  opening 
into  the  anterior  part  of  the  mouth,  of  Batrachians,  &c. 

795.  The  extremities  (Fig.  185,  qq^rr)  appear  in  Man  about  the  fourth 
week,  as  small  and  undivided  stumps  from  &e  lateral  plate ;  those  of  the 
upper  extremity  appearing  first :  a  division  into  two  principal  parts  takes- 
place  in  the  fiflh  we^ ;  one  of  which  is  broad,  and  shows  about  the  fifth  week 
four  indentations ;  the  other  is  more  cylindrical,  and  subdivides  into  a  fore 
and  upper  arm  about  the  eighth  week.  The  two  extremities  are  very 
sunilar  in  form  up  to  this  period,  their  distinctive  characters  only 
appearing  well  marked  at  the  third  month.  All  the  bones  which  enter 
into  their  composition  pass  through  stages  of  development  similar  to 
those  that  have  been  already  described  as  occurring  in  the  bones  of  the 
vertebral  column  and  skidl.  In  the  first  instance  only  a  soft  blastema 
or  indifierent  tissue  appears  in  the  place  of  the  future  bone :  but  this 
gradually  developes  into  cartilage,  the  conversion  being  complete  about  the 
end  of  die  second  or  the  commencement  of  the  third  month,  and  in  the 
cartilage  again  points  of  ossification  make  their  appearance,  with  great 
though  not  absolute  precision,  for  each  bone,  not  only  as  r^ards  number, 
but  also  as  to  time  and  position.* 

796.  OJ  Sex, — The  conditions  on  which  the  difEerentiation  of  sex 
immediately  depend  are  as  yet  extremely  obscure.  M.  Marc  Thury,"]" 
who  has  paid  great  attention  to  this  subject  in  cattle,  has  arrived  at  the 
conclusion  (which  however  demands  much  confirmatory  evidence  for  its 
establishment)  that  the  sex  of  the  progeny  of  a  particular  act  of  sexual  in- 
tercourse is  dependent  upon  the  period  of  menstruation  (in  women),  or  of 
rut  (in  animals),  at  which  the  impregnation  of  the  ovum  takes-place.  If 
this  occur  at  the  commencement  of  the  period,  the  offspring  wiU  invariably 
be  female ;  if  towards  the  dose,  male :  the  cause  of  the  difference  being 
the  more  advanced  stage  of  maturation  of  the  ovum  in  the  latter  case, 
owing  to  its  having  been  for  a  longer  period  exposed  to  the  warmth  of 
the  body  of  the  mother.  Ploss:^  attributes  the  sex  of  the  child  to  the 
quantity  and  quality  of  the  nutriment  received  by  the  mother  during 
pregnancy,  since  fi:om  a  review  of  various  countries,  and  a  com- 
parison of  the  relative  numbers  of  males  and  females  bom,  he  finds 
that,  when  the  food  is  abundant  and  plentiful,  the  proportion  of  females 
rises;  whilst,  under  opposite  conditions,  males  are  most  firequent.  In 
moimtainous  countries  the  niunber  of  males  also  increases  relatively. 
Preussen  (loc.  cit.),  however,  on  the  other  hand,  considers  that  better  and 
more  abimdant  food  is  required  by  the  mother  for  the  production  of  males. 
— There  is  strong  statistical  evidence  that  the  relative  numbers  of  Males 
and  Females  are  in  some  way  influenced  by  the  relative  ages  of  the 
parents.  The  following  table  expresses  the  average  results  collected  by 
M.  Hofacker§  in  Germany,  and  by  Mr.  Sadler ||  in  Britain;  between 
which  it  will  be  seen  that  there  is  a  very  striking  general  correspondence^ 
although  both  were  drawn  firom  a  too-lunited  series  of  observations.   The 

*  See  Eolliker,  loc.  cit,  p.  222. 

+  "  Notice  on  the  Law  of  Production  of  Sexes,  &e.,"  Pamphlet^  1868. 

t  Henle  and  MeissDcr,  1860,  p.  210. 

§  '*  Annales  d'Hygidne,"  Oct.  1829. 

II   "  Law  of  Population,"  vol.  ii.  p.  848. 
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numbera  indicate  the  proportion  of  Male  births  to  100  FemoJea^  tm^ 
the  leT^ul  conditions  mentioned  in  the  first  column  :■ — 


Fftther  luid  Mather  of  equi^l  Agt$ 
Father  older  b j  1  tu  6  jeus  . 

„         H  StolS     .     . 

,.         „  IS  and  more. 


,  90^6 

,  01} '0 

.  103  *i 

.  200*0 


Father  jonagetr  thim  Motlier  *     ,  $1S 

FatUer  kad  Mother  of  «qiifll  i§e  .  M' 

Father  older  bj  1  to  6  jtars  «     .  103-| 

„        „  6to  U    -     -     .  126^ 

„        „        11  toie    .     ,     .  147 

,,        ,,        18  aud  xaore  p     .  163 


From  this  it  appears^  that  Uie  more  advanced  age  of  the  Male  pares 
has  a  YGTj  decided  inHuence  in  occasioning  a  preponderance  in  tl 
number  of  Mule  Intauta ;  and  this  tallies  with  the  &ct,  that  taki 
average  of  the  whole  of  Europe,  over  which  (as  a  general  rule)  th 
and  cujatoma  of  society  bring-about  a  decided  prepondemnce  of  age, 
married  couples,  on  the  side  of  the  husband,  tlie  proportion  is  aboi 
males  to  100  females.  This  does  not  hold  good,  however,  in  regard 
iUegifimate  o^pring,  the  poxeDta  of  which  may  generally  be  presumed 
be  more  nearly  on  an  equklily  in  this  res|)ect  \  and  it  is  curious  that 
proportion  of  these  haa  averaged  10^-5  males  to  100  femaies,  in  pla< 
where  the  proportion  of  hgitimate  births  was  105  J  males  to  100  femali 
— We  are  not  likely  to  obtain  data  equally  aatisfactory  in  regard  to 
influence  of  more  advanced  age  on  the  part  of  the  Female  parent ;  as 
difference  of  10  or  15  years  on  that  side  is  not  ao  common.  If 
to  the  same  extent,  it  is  probable  that  the  same  law  would  be  foi 
prevail  in  regard  to  Female  children  born  under  such  circi 
will  be  stated  (§  797)  with  respect  to  the  Male; — namely, 
mgrtality  is  greater  during  embryonic  life  and  early  in£mcyj  so 
preponderance  is  reduced.  Even  at  birth,  ^ere  is  a  manilest 
in  the  physical  conditions  of  inlants  of  diiferefit  sexea ;  for,  in  th^  a^ 
of  a  large  number*  there  is  a  decided  preponderance  on  the  side  of 
Males,  both  as  to  the  length  and  the  weight  of  the  body.  And  it 
not  improbable  that  this  difference  has  a  decided  inJluence  n 
greater  loss  of  li&  in  the  act  of  partt^ition,  which  ocoujs  amoDg  Mi 
iii^ta. 

I,  The  Letigth  of  the  body  in  fifty  new-born  infiints  of  ^ach  sex, 
ascertained  by  Queteleb,*'  was  as  follows : — 

From  16  id  IT  inchoBf  (Freocb)   .    .    ,    .  2 

„     17  to  18 ,    .     .  8 

„     18  to  19     ..,,.,,.,  SS 

„     19  to  20 12 

„     20  to  21      <,,,..,,    .  0 

From  these  obaervatiouaf  the  mean  and  the  extremes  of  the  Leu^thn 
tho  mah  uad/mnak  respectively,  were  calculated  to  be, — 


malm. 

ToU! 

4 

e 

10 

27 

1$ 

46 

8 

m 

I 

1 

Mtnumuu 

Mean 

Maxin 


IS  lnch«R,  2 
13  e 

19  S 


,    IS  m«he8»  2 

.     18  I| 

.     20  $ 


•  **SiirrHoroiiic,*'  tomp  ii.  p.  8. 

f  The  French  iaeh  ii  aboat  one-fifleeitlli  more 


than  the  Eoglithi 
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Notwithstanding  tliat  the  maximum  is  here  on  the  side  of  the  Female 
(this  being  an  accidental  result,  which  would  probably  have  been  other- 
wise, had  a  larger  number  been  examined),  the  average  shows  a  difference 
of  4^  lines  in  favour  of  the  Male. 

II.  The  inequality  in  the  Weights  of  the  two  is  even  more  remarkable; 
the  observations  of  M.  Quetelet*  were  made  upon  63  male  and  56  female 
in&nts. 

Inlknts  weighing  from                               Make.      Femalet.  Total. 

1  to  14  kUog.t 0  1  1 

14to2 0  1  1 

2  to2i 8  7  10 

24  to  8 18  U  27 

3  to8i 28  28  61 

8ito4 U  7  21 

4to4i 5  8  8 

The  extremes  and  means  were  as  follows : — 


Males. 

Females. 

Minimum    .     . 

,     .     2-34  kUog. 

1-12 

Mean      .     .     . 

.     8-20 

2-91 

.     .     4.60 

4-26 

III.  The  average  Weight  of  infants  of  both  sexes,  as  determined  by 
these  inquiries,  is  3*05  kilog.  or  6*77  lbs. ;  and  this  corresponds  almost 
exactly  with  the  statement  of  Chaussier,  whose  observations  were  made 
upon  more  than  20,000  infants.  The  mean  obtained  by  him,  without 
reference  to  distinction  of  sex,  was  6*75  lbs.;  the  maximum  being 
11*3  lbs.,  and  the  minimum  3*2  Ibs.:^  ^^^  average  in  this  country  is 
probably  rather  higher;  according  to  Dr.  Joseph  Clarke, §  whose  In- 
quiries were  made  on  60  males  and  60  females,  the  average  of  Male 
children  is  7^  lbs.,  and  that  of  Females  6|  lbs.  He  adds  that  children 
which  at  the  full  time  weigh  less  than  5  lbs.  rarely  thrive ;  being  gene- 
rally feeble  in  their  actions,  and  dying  within  a  short  time.  Several 
instances  are  on  record,  of  in&nts  whose  weight  at  birth  exceeded  15  lbs. 
It  appears  that  healthy  females,  living  in  tibe  cotmtry,  and  engaged  in 
active  but  not  over-fatiguing  occupations,  have  generally  the  largest 
children ;  and  this  is  what  might  be  expected  a  priori^  from  the  superior 
energy  of  their  nutritive  functions. 

797.  There  appears  to  be,  from  the  first,  a  difference  in  the  Viability 
(or  probability  of  life)  of  Male  and  Female  children ;  for,  out  of  the  total 
niunber  bom  dead,  there  are  3  Males  to  2  Females :  this  proportion 
gradually  lessens,  however,  during  early  infency ;  being  about  4  to  8 
during  the  first  two  months,  and  about  4  to  5  during  the  next  three 
months ;  afler  which  time  the  deaths  are  nearly  in  proportion  to  the 
numbers  of  the  two  sexes  respectively,  imtil  the  age  of  puberty.  The 
viability  of  the  two  sexes  continues  to  increase  during  childhood ;  and 
attains  its  maximum  between  the  13th  and  14th  years.  For  a  short  time 
after  this  epoch  has  been  passed,  the  rate  of  mortality  is  higher  in  Females 

*  Op.  dt.  tom.  ii.  p.  86. 

t  The  kilogramme  la  equal  to  2*221bi.  avoirdnpois. 

t  These  nomben  have  been  erroneoiuly  stated  in  many  Phynologieal  works ;  owing 
to  the  difference  between  the  French  and  Bnglish  pound  not  having  been  allowed-for. 
§  *<  Philosophical  Transactions,**  toL  IxzyI. 
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tJian  in  Males;  but  from  about  tlie  age  of  18  to  28,  tbe  mortality^ 
much  greater  in  Malea^  being  at  it»  maximum  at  25,  when  the  vmbUil 
is  only  batf  what  it  ia  at  puberty.     The  fact  is  a  Tery  striking  one ; 
showa  most  ibrcibly  that  the  indulgence  of  the  pasaiona  not  only  wenke 
the  health,  but  in  a  pteskt  number  of  Inslanoes  ib  th^  cause  of  m 
premature  death.     From  the  age  of  28  to  that  of  50,  tbo  mor 
greater  and  the  Tiabilitj  leaa  on  the  side  of  the  Female  ;   this 
would  be  anticipated  from  the  increased  risk  to  which  slie  ia  liable  ( 
the  parturient  period.     After  the  age  of  50,  the  mortality  is  ne«rly 
^une  for  both. — These  iacts  have  been  expressed  by  Quetelet*  in  a  fbn 
which  brings  them  prominently  before  the  eye  (Fig.  202).     The  rehtii^ 

Fio.  202. 


a  J    to  u  $0  2J  JO       j^Q        ao       eo       m        ao       9^ 

Tiability  of  the  Male  at  different  ages  is  represented  by  a  curbed  liiii 
the  ele%^tion  of  which  indicates  its  degree,  at  the  respeetire  perio< 
marked  along  the  base  line*  The  dotted  line,  which  follows  a  «jlCerei 
curve,  represents  the  TiabUity  of  the  Female.  Starting  from  a,  tli 
period  of  birth,  we  arrive  at  the  maximum  of  viabOity  for  both  at 
from  this  point,  the  Female  curve  steadily  descends  towards  %  at  fin 
very  rapidly,  but  afterwards  more  gradually ;  idiilst  the  male  curr©  do4 
not  quite  descend  so  soon,  but  afterwards  fidla  much  lower,  its  misiim* 
being  e,  which  corresponds  with  the  age  of  25  years.  It  afterwaix 
ascends  to  d^  which  is  the  maximum  of  viabill^  subsequently  to  th 
age  of  puberty ;  this  pomt  m  attained  at  the  age  of  30  years,  ftom  whic 

•  Op,  eit* 
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period,  up  to  50,  the  probability  of  life  is  greater  in  the  Male  than  in  the 
Female.  In  the  decline  of  life,  there  seems  little  or  no  difference  for  the 
two  sexes. 

798.  Similar  diagrams  have  been  constructed  by  Quetelet,  to  indicate 
the  relative  Heights  and  Weights  of  the  two  sexes  at  diflEerent  ages  (Fig. 
203). — In  regard  to  Height  it  may  be  observed,  that  the  increase  is  most 


Diagram  representing  the  ComparaHve  Stighis  and  WeighU  of  the  Male  and  Female  at 
different  Ages. 

rapid  in  the  first  year,  and  that  it  afterwards  diminishes  gradually ;  be- 
tween the  ages  of  5  and  16  years,  the  annual  increase  is  very  r^ular. 
The  difference  between  the  Height  of  the  Male  and  Female,  which  has 
been  already  stated  to  present  itself  at  birth,  continues  to  increase  during 
infancy  and  youth ;  it  is  not  very  decided,  however,  imtil  about  the  15th 
year,  after  which  the  growth  of  the  Female  proceeds  at  a  much-dimi- 
nished rate,  whilst  that  of  the  Male  continues  in  nearly  the  same  degree, 
until  about  the  age  of  19  years.  It  appears,  then,  that  the  Female  comes 
to  her  full  development  in  regard  to  Height,  earlier  than  doos  the  Male. 
It  seems  probable,  from  the  observations  of  Quetelet,  that  the  full  Height 
of  the  Male  is  not  generally  attained  until  the  age  of  25  years.  At 
about  the  age  of  50,  both  Male  and  Female  undergo  a  diminution  of 
their  stature,  which  continues  during  the  latter  part  of  life. — The  pro- 
portional Weight  of  the  two  sexes  at  different  periods,  corresponds 
pretty  closely  with  their  height.  Starting  from  birtii,  the  predominance 
then  exhibited  by  the  Male  gradually  increases  during  the  first  few 
years;  but  towards  the  period  of  puberty,  the  proportional  weight  of  the 
Female  increases ;  and  at  the  age  of  12  years,  there  is  no  difference 
between  the  two  sexes  in  this  respect.  The  weight  of  the  Male,  how- 
ever, then  increases  much  more  rapidly  than  that  of  the  Female,  espe- 
cially between  the  ages  of  15  and  20  years;  after  the  latter  period,  there 
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ia  no  ooDBiderable  increase  on  the  aide  of  the  Male,  tboogh  h\s  ma^nmuiu 
ia  not  attained  until  the  itge  ot  40 ;  and  there  is  an  absolute  dimmuijoci 
on  the  part  of  the  Female,  whose  weight  reinaina  less  during  nearly  tlie 
whole  period  of  child-hearing.  Ailer  the  tenni  nation  of  the  partimef)! 
period,  l^e  weight  of  the  Femtde  again  imdergoes  an  increase,  and  Its 
maximmn  ia  attained  at  about  50.  In  old  age^  the  weight  of  both  mxm 
undergoea  a  dlminutioD  in  nearly  the  same  degree.  The  arerage  Waj^ilt 
of  the  Male  and  Female  that  have  attained  their  Aill  deTelopment,  asfe  SO 
times  those  of  the  new-born  Iniknta  of  the  two  sexes  reapectivaly.  Tlie 
Ileighl^  on  the  other  hand,  are  about  8^  times  aa  great 

799.  The  chief  differencea  in  the  ConsU'tuiion  of  the  two  se^es, 
manifest  themselves  during  the  period  when  the  Generattire  function  of 
€ach  is  in  its  greatest  vigour.  Many  of  these  distinctions  bare  been 
already  alluded- to ;  but  there  are  others  of  too  great  importaDce  to  be 
overlooked;  and  these  chiefly  relate  to  the  Nervous  Syatam  and  its 
functions.  There  is  no  obvious  structural  difference  in  the  Nerrous 
System  of  tlie  two  sexes  (putting  aside  the  local  peculiar i ties  of  its 
distribution  to  the  organs  of  generatioD),  save  the  inferior  ai^e  of  tlie 
Cerebral  Hemispheres  in  the  Female.  This  difference,  w^bich  is  no! 
observed  in  oUier  parts  of  the  Encephalon,  is  readOy  aeGounted-£>r  oo 
the  principles  formeriy  suted  (§  557),  when  we  compare  ^e  pirychicn] 
character  of  Woman  with  that  of  Mm ;  for  there  can  be  no  doubt  tlist 
— putting  aside  the  exceptional  cases  which  now  and  then  occur — tlw 
intelkclual  powers  of  Woman  are  inferior  to  those  of  Man.  Her 
intuitive  x>owers  are  certfiLnly  greater  than  his;  lier  perceptions  are 
more  acute,  her  apprehensions  quicker  ;  and  she  has  a  remarkable  pontr 
of  interpreting  the  feelings  of  others,  which  gives  to  her,  not  only  a 
much  more  ready  sympathy  with  them,  but  that  facility  ia  guiding 
her  actions  60  as  to  be  in  accordance  with  them,  which  we  call  U%ci. 
This  tact  bears  a  close  correspondence  with  the  nncomchus  adi^tivtmmt 
to  particular  ends,  which  we  see  in  Instinctive  actions.  Notwitl 
the  superiority  of  her  perceptive  faculties,  her  capahility  of 
mental  exertion  is  much  leas  j  and  though  her  views  are  oiten  peculiarly" 
distinguished  by  the  clearness  and  decision  which  result  from  th« 
strength  of  her  intuitive  sense,  they  are  generaUy  deficient  in  that  com- 
prehensiveness  which  brings  the  ithoi^  case  to  be  judged-of,  and  wbidi  b 
consequently  necessary  for  their  stability.  With  leas  of  mlUi&nat  power 
than  Man  possesses^  she  has  tlie  emotional  in  a  much  stronger  ^egr«e. 
The  emotions,  therefore,  predominate ;  and  more  frequently  become  th« 
leading  springs  of  action,  tlian  they  do  in  Man.  By  their  direct  in- 
fluence upon  the  bodily  frame,  they  produce  changes  iu  the  Or^nje 
fimctions,  which  fer  surpass  in  degree  anything  of  the  same  kind  tbat  we 
ordinarily  witness  in  Man;  and  they  thus  not  unfrequently  occaaloQ 
symptoms  of  an  anomalous  kind^  which  are  very  perplexing  to  the  Medi- 
cal practitioner,  though  very  interesting  to  the  Physiological  oboemr. 
But  they  also  act  as  powerful  motives  to  the  Will ;  and,  when  stro^gli 
ealled-feith,  produce  a  degree  of  vigour  and  determination,  which  ia  ▼« 
Borprlsing  to  those  who  have  usuaOy  seen  the  individual  under  a  t 
aspect*  But  tins  vigour,  being  due  to  the  strong  exciiametit  o£ 
Feelinga,  and  not  to  any  inherent  strength  of  Intellect,  is  only  stiffbuj 
duritig  the  persistence  of  the  motive,  and  &ils  as  soon  as  th^  BubM^ 
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The  feelings  of  Woman,  being  frequently  called-forth  by  the  occurrences 
she  witnesses  around  her,  are  naturally  more  disinterested  than  those 
of  Man ;  his  energy  is  more  concentrated  upon  one  object ;  and  to  this  his 
Intellect  is  directed  with  an  earnestness  that  too  frequently  either  blunts 
his  feelings,  or  carries  them  along  in  the  same  channel,  thus  rendering 
them  selfish. — ^In  regard  to  the  inferior  development  of  her  Intellectual 
powers,  therefore,  and  to  the  predominance  of  the  Instinctive,  Woman 
must  be  considered  as  ranking  below  Man ;  but  in  the  superior  purity 
and  elevation  of  her  Feelings,  she  is  as  highly  raised  above  him.  Her 
whole  character.  Psychical  as  well  as  Corporeal,  is  beautifully  adapted  to 
supply  what  is  deficient  in  Man ;  and  to  elevate  and  refine  tiiose  powers 
which  might  otherwise  be  directed  to  low  and  selfish  objects. 

5.  Of  Lactation, 

800.  The  new-bom  In&nt  in  the  Human  species,  as  in  the  class  of 
Mammalia  generally,  is  supplied  with  nourishment  by  a  secretion  elabo- 
rated from  the  blood  of  its  maternal  parent,  by  certain  glandular  organs 
known  as  the  Mammary,      The  structure  of  these,   which   has  beeu 
thoroughly  investigated  by  Sir  A.  Cooper*  and  Mr.  Birkett,f  is  extremely 
simple.      Each  gland  is  composed  of  a  number  of  separate  glandules, 
which  are  connected  together  by  fibrous  or  fascial  tissue,  in  such  a  manner 
as  to  allow  a  certain  d^ree  of  mobility  of  its  parts,  one  upon  another, 
which  may  accommodate  them  to  the  actions  of  the  Pectoralis  muscle 
whereon  they  are  bound^down  ;  and  the  glandules  are  also  connected  by 
the  ramifications  of  the  lactiferous  tubes,  which  intermingle  with  one 
another  in  such  a  manner  as  to  destroy  the  simplicity  and  uniformity  of 
their  divisions,  although  they  rarely  inosculate.      The  mammillary  tubes, 
or  terminal  ducts  contained  in  the  nipple,  are  usually  about  ten  or  twelve 
in  number ;   they  are  straight,  but  of  somewhat  variable  size ;  and  their 
orifices,  which  are  situated  in  the  centre  of  the  nipple,  and  are  usually 
concealed  by  the  overlapping  of  its  sides,  are  narrower  than  the  tnibea 
themselves.     At  the  base  of  the  nipple,  these  tubes  dilate  into  reservoirs, 
which  extend  beneath  the  areola  and  to  some  distance  into  the  gland, 
when  the  breast  is  in  a  state  of  lactation.      These  are  much  larger  in 
many  of  the  lower  Mammalia  than   in  the  Human  female,  in  whom  their 
use  is  to  supply  the  immediate  wants  of  the  child  when  it  is  first  applied 
to  the  breast,  so  that  it  shall  not  be  disappointed,  but  shall  be  induced  to 
proceed  with  sucking  until  the  '  draught'  be  occasioned  (§  711).     From 
each  of  these  reservoirs  commence  five  or  six  branches  of  the  lactiferous 
tubes,  each  of  which  speedily  subdivides  into  smaller  ones;  and  these 
again  divaricate,  until  their  size  is  very  much  reduced,  and  their  extent 
greatly  increased  (Fig.  204).     These,  like  the  reservoirs  and  mammillary 
tubes,  are  composed  of  a  fibrous  coat  lined  by  a  mucous  membrane ;  the 
latter  is  highly  vascular,  and  forms  a  secretion  of  its  own,  which  some- 
times collects  in  considerable  quantity  when  the  milk  ceases  to  be  pro- 
duced.    The  smaller  subdivisions  of  the  lactiferous  tubes  proceed  to  dis- 
tinct lobuli  in  each  glandule ;  so  that  when  a  branch  of  a  mammillary 
tube  has  been  filled  with  injection,  its  attached  lobules,  if  separated  from 

*  "  On  the  An&tomy  of  the  Bn«B(,"  1840. 
t  <*  The  Diaeaaes  of  the  Breast^  and  their  TKaiment,*'  1850. 
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each  otlier  by  long  maceration^  are  like  a  btmcb  of  fruits  clattered  upon 
a  Etalk  (Fig.  205).  When  the  lactiferous  tubes  are  pursued  to  tLeir  ulti- 
mate diatributioii,  tliey  are  found  to  terminate  in  foLticles,  whoeie  asse,  in 
full  lacuitiouj  is  that  of  a  hok  pricked  in  paper  by  the  poiat  of  n  VBiy 


Fw  aoi. 


V>^^/L^'^ 


3^w^ 


DbtribQtion  of  Ul«  Jl«lis[2iid#  in  the  MaibiDM  of  the  Haraan  fenmb,  duHixg  bctaUon  ;  Ibe  dw4« 

Injected  with  wju. 

line  pin,  bo  that,  when  distended  with  quicksilver  or  milk,  they  are  |n 
TiRible  to  the  naked  eye ;  at  other  timeti,  however,  the  follicles  da 
adtiiit  of  being  injected,  though  the  lactiferous  tubea  may  have  been 
pletely  filled,  Tliey  are  lined  by  a  continuatioii  of  the  eame  membivtie 
with  that  which  linen  the  duets ;  and  this  poesessea  a  high  vaocnJim^v 
The  arteries  which  supply  the  glandules  with  blood,  become  v^ry  lirg* 
during  lactation  ;  and  their  divisions  spread  themselves  mitititeljr  on  iht 
follicles.  From  the  blood  which  they  convey,  the  milk  is  secreted  tail 
poured  iuto  tl^e  follicles,  whence  it  flows  into  the  dticts.  Tlie  inner 
surface  of  Uie  milk-foIHcles,  in  common  with  other  glandular  structi 
ia  covered  with  a  layer  of  cpitheliiini-cellB  (Fig.  206),  as  wii#  first  g}m 
by  Prof.  Goodsir ;  and  these,  being  seen  to  contain  mi  Ik -globules,  _ 
without  doubt  be  regarded  as  tlie  real  ngents  in  tlie  secreting  prttcmL 
Absorbent. vessels  are  seen  to  arise  in  large  numbers  in  tlie  neighbourhood 
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of  the  follicles ;  their  function  appears  to  be,  to  absorb  the  more  watery 
part  of  the  milk  contained  in  the  follicles  and  tubes,  so  as  to  render  it 

Fig.  205.  Pio.  206. 


Termination  of  portion  of 

MUk-duct  in  a  eltuUr  of/oUi-  UlHmaU  foUielet  of  Mammary 

elet;  from  a  mercorial  u^eo-  gland,  with  their  Mcreting  cells, 

tion ;  enlarged  four  times.  a»  a,  and  noclei,  b,  h, 

more  nutrient  than  it  is  when  first  secreted ;  and  also  to  relieve  the 
distension  which  would  occur,  during  the  absence  of  the  child,  from  the 
continuance  of  the  secreting  process. 

801.  The  Mammary  gland  may  be  detected  at  an  early  period  of  foetal 
existence ;  being  easily  distinguishable  from  the  surrounding  parts  by  the 
redness  of  its  colour  and  its  high  vascularity,  especially  when  the  whole 
is  injected.  At  this  period  it  presents  no  difEerence  in  the  male  and 
female ;  and  it  is  not  imtil  near  the  period  of  puberty  that  any  striking 
change  manifests  itself,  the  gland  continuing  to  grow,  in  the  one  sex  as 
in  the  other,  in  proportion  to  the  body  at  lai^e.  At  about  the  age  of 
thirteen  years,  however,  the  enlargement  of  the  gland  commences  in  the 
Female :  and  by  sixteen,  it  is  greatly  evolved,  and  some  of  the  lactiferous 
tubes  can  be  injected.  At  about  the  age  of  twenty,  the  gland  attains  its 
full  size  previous  to  lactation ;  but  the  milk-follicles  cannot  even  then  be 
injected  from  the  tubes.  During  pr^nancy,  the  mammae  receive  a 
greatly-increased  quantity  of  blood.  This  determination  oflen  commences 
very  early,  and  produces  a  feeling  of  tenderness  and  distension,  which  is  a 
valuable  sign  (where  it  exists  in  connection  with  others)  of  the  commence- 
ment of  gestation  (§  748).  A  true  lacteal  secretion  usually  commences 
about  the  third  or  fourth  month  of  pregnancy,  and  may  be  obtained  by 
pressure  carefully  applied.  This  may  be  turned  to  useful  account,  in 
diagnosing  cases  of  concealed  or  doubtful  pregnancy  from  cases  of  simple 
suppression  of  the  catamenia ;  but  it  will  not  serve  to  distinguisli  true 
pr^nancy  from  spurious,  or  from  the  distension  of  the  uterus  by  tumours.* 
The  vascularity  of  the  gland  continues  to  increase  during  pregnancy ; 
and  at  the  time  of  parturition  its  lobulated  character  can  be  distinctly 
felt.  The  follicles  are  not,  however,  developed  sufficiently  for  injection, 
until  lactation  has  commenced.  Afler  the  cessation  of  the  catamenia 
from  age,  so  that  pregnancy  is  na  longer  possible,  the  lactiferous  ducts 
continue  open,  but  the  mi&-follicles  are  incapable  of  receiving  injection. 
The  substance  of  the  glandules  gradually  disappears,  so  that  in  old  age 
only  portions  of  the  ducts  remain,  which  are  usually  loaded  with  mucus ; 
but  the  place  of  the  glandules  is  commonly  filled-up  by  adipose  tissue,  so 
that  the  form  of  the  breast  is  preserved.     Sir  A.  Cooper  notices  a  curious 

*  See  the  valuable  paper  by  Dr.  Peddie,  *  On  the  Mammary  Secretion/  in  the  "  Bdinb. 
Monthly  Joomal,"  Aug.  1848. 
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ebaoge,  which  he  states  to  be  almost  invariable  with  age ;  namelTr  *^ 
OHmiicatbu  of  the  arteries  of  the  breast,  the  large  truoka  as  well 
as  the  branches^  ^  that  tiieir  calibre  ia  greatly  diminiahed  or  eren 
obUterated. 

802.  The  Mammary  gland  of  the  Male  iea  eart  of  miniature  picttir«  of 
that  of  the  Female.  It  varies  extremely  in  its  magnitude;  being  in  aome 
persona  of  the  si^se  of  a  largo  pea ;  whilst  in  others  it  is  an  ijicb,  or  even 
two  itiches^  in  diameter.  In  ita  struct) ire  it  corresponds  exactly  with 
that  of  the  female,  but  is  altogether  formed  on  a  smaller  scale.  It  id  com- 
posed of  lobules  containing  follicles,  from  which  ducta  arise ;  imd  tbeee 
foDicles  and  ducts  are  not  too  minute  t*>  be  injectedj  altliough  with  diffi- 
culty. The  evolution  of  the  gland  goes- on  pari  pmmi  with  that  of  the 
body,  not  undergoing  an  increaae  at  any  particnlar  period;  it  is  sometimes 
of  considerable  size  in  old  ago.  A  lluidi  which  is  probably  mucua,  may 
be  pressed  from  the  nipiile  in  ninny  persouRi ;  and  tliis  in  the  dead  body» 
with  even  more  faeiiity  than  in  the  hving.  That  the  essential  characier 
of  the  gland  is  the  same  in  the  male  aa  in  t!ie  fenmle,  is  shown  by  the 
instances,  of  which  there  are  now  several  on  record,  in  whidi  LDfanta  Imve 
been  suckled  by  men  (|  803). 

803.  Although  the  state  of  ftmctional  activity  in  the  Mammary  gUutc] 
is  iisually  liniitod  to  the  epoch  succeeding  Partuntion*  yet  tliis  b  not 
invariably  the  case ;  for  numerous  instances  are  on  record,  in  which 
young  women  who  have  never  Ixime  children »  and  even  old  women  long 
past  the  period  of  cluld-bearing,  have  had  such  a  copious  flow  of  milk  ai 
to  be  able  to  act  as  efficient  nurses.*  In  these  cases,  the  strong  desire 
to  funiish  milk,  and  continued  irritation  of  the  nipple  by  the  in&ntV 
moutli^  seem  to  have  furnished  t!ie  stimulus  reqwisite  for  the  fornuatiofi 
of  the  secretion  ;  and  it  has  been  found  that  this  is  usually  adequate  10 
restore  the  secretion,  after  it  lias  l>een  intermitted  for  some  montJi«  dun 
the  ordinar}^  period  of  lactatioUj  in  consequence  of  disorder  or  debiJity 
the  pirt  of  the  niotlier,  or  any  other  cause ;  so  that  where  her  oondjlkHI 
renders  it  adviaal:»le  that  she  iJiouId  discontinue  nursing  for  a  time,  dM 
child  may  be  withdrawn  and  the  milk  *  dried -up/  with  a  con^desii 
ex]iect4ition  that  the  secretion  may  be  reproduced  subgeqociitlj,+  Pr* 
M' William  mentions  in  his  report  of  the  Niger  Exited ition, J  tlua  tlie 
inhabitants  of  Bona  "Vista  (Cape  de  Verd  Island)  are  nccimtoiBed  lo 
provide  a  wet-nurse  in  cases  of  emergency^  in  tJie  person  of  any  woman 
who  has  once  borne  a  chUd  and  is  still  within  the  age  of  child-beiiring, 
by  continued  fomentation  of  the  mammie  wiUi  a  decoction  of  tlii*  l^ives 
of  the  jatropka  curcaSf  and  by  suction  of  the  nipple.— The  most  curie 
fact,  however,  is  that  even  Men  should  occasionally  be  abl«  to  peribi 
the  duties  of  nurses,  and  should  afford  an  adequate  supply  of  itifratTli 
nutriment.      Several  cases  of  tliis  kind  are  uixin  record,  §  but  one  of  tbl 

*  A  ooltevtion  of  such  cases  k  given  fa  Dr^  DunglLsoa'i  'vHnman  fhj^^h^^" 
7th  edit.,  Tol.  ii,  p.  £13. 

f  H«e  an  acconut  of  M.  Trousac^ii's  expineiiee  on  tbii  poiotj  In  *'yUnli»i  lfidi4_ 
1S5^  No.  7  ;  And  paper  bj  Dr.  Halloa  in  thf  *'  Amsr.  Jo»m.  of  Med.  Sew,**  Jftiu  18 

t  '*  Me<lunl  Gaiette^'*  Jan.  1&47. 

I  See  tlie  oue  deieribed  hj  the  Bhhop  of  Cork,  in  the  *'  FbitoffopUlcjil  Tmn* 
vol.  alL  p.  61S  :  one  m^iitioaed  by  Sir  John  Fmnklin  ('*  Narrative  of  a  JanTumf  lo  \ 
Polar  Sea,'"  p.  157);  and  one  whidi  fell  umter  the  notice  of  the  cetebrvUd  Irmr  * 
Hnmboldt  {'*  Fereunul  Narmtire,**  vol.  lii.  p.  5S) 
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most  recent  and  authentic  is  that  given  by  Dr.  Dunglison.*  "  Professor 
Hall,  of  the  University  of  Maryland,  exhibited  to  his  Obstetrical  class,  in 
the  year  1837,  a  coloured  man,  fifly-five  years  of  age,  who  had  large, 
soft,  well-formed  mammae,  rather  more  conical  than  diose  of  the  female, 
and  projecting  fully  seven  inches  from  the  chest ;  with  perfect  and  large 
nipples.  The  glandular  structure  seemed  to  the  touch  to  be  exactly  like 
that  of  the  female.  This  man  had  officiated  as  wet-nurse  for  several 
years  in  the  family  of  his  mistress;  and  he  represented  that  the  secretion 
of  milk  was  induced  by  applying  the  children  entrusted  to  his  care,  tp  the 
breasts  during  the  night.  When  the  milk  was  no  longer  required,  great 
difficulty  was  experienced  in  arresting  the  secretion.  His  genital  organs 
were  fully  developed."  Corresponding  fiicts  are  also  recorded  of  the  male 
of  several  of  the  lower  animals. 

804.  The  secretion  of  Milk  consists  of  Water  holding  in  solution 
Sugar,  various  Saline  ingredients,  and  the  peculiar  albuminous  substance 
termed  Casein;  and  having  Oleaginous  particles  suspended  in  it.  Its 
reaction  is  sometimes  alkaline,  sometimes  neutral,  and  sometimes  acid. 
Cows'  milk  is  usually,  and  die  milk  of  Camivora  always,  acid,f  from  the 
presence  of  free  lactic  acid.  The  constitution  of  this  fluid  is  made  evi- 
dent by  the  ordinary  processes  to  which  it  is  subjected  in  domestic 
economy.  If  it  be  allowed  to  stand  for  some  time,  exposed  to  the  air,  the 
greater  part  of  the  oleaginous  globules  come  to  the  surface,  being  of  less 
specific  gravity  than  the  fluid  through  which  they  are  diffused :  this  is 
especially  the  case  with  the  larger  facetted  globules,  which  have  been 
hence  distinguished  as  *  cream-globules.'  The  cream  thus  formed  does 
not,  however,  consist  of  oily  particles  alone  ;  but  includes  a  considerable 
amount  of  casein,  with  the  sugar  and  salts  of  the  milk.  These  are  fur- 
ther separated  by  the  continued  agitation  of  the  cream  ;  which,  by  ruptur- 
ing the  envelopes  of  the  oil-globules,  separates  it  into  butter^  formed  by 
their  aggregation,  and  buttermilk,  containing  the  casein,  sugar,  &c.  A 
considerable  quantity  of  casein,  however,  is  entangled  with  the  oleaginous 
matter,  and  this  has  a  tendency  to  decompose,  so  as  to  render  the  butter 
rancid ;  it  may  be  separated  by  keeping  the  butter  melted  at  the  tempe- 
rature of  180°,  when  the  casein  will  fall  to  the  bottom,  leaving  the  butter 
pure  and  much  less  liable  to  change. — The  milk,  after  the  cream  has  been 
removed,  still  contains  the  greatest  part  of  its  casein  and  sugar.  If  it  be 
kept  long  enough,  a  spontaneous  change  takes-place  in  its  composition ; 
the  sugar  is  converted  into  lactic  acid,  and  this  coagulates  the  casein,  pre- 
cipitating it  in  small  flakes.  The  same  precipitation  may  be  accomplished 
at  any  time  by  the  addition  of  an  acid ;  all  tiie  acids,  however,  which  act 
upon  albumen,  do  not  precipitate  casein,  as  will  presently  be  pointed-out 
in  detail ;  the  most  effectual  is  that  contained  in  the  dried  stomach  of  a 
calf,  known  as  rennet.  The  whey  left  aft;er  the  curd  has  been  separated, 
contains  a  large  proportion  of  the   saccharine  and  saline  matter  that 

*  "  Human  Physiology/'  7th  edit.,  yoL  ii.  p.  514. — Dr.  Dunglison  also  mentions  that 
in  the  winter  t)f  1849-50,  an  athletic  man,  twenty-two  years  of  age,  presented  himself  at 
the  Jefferson  Medical  Ck)llege  at  Philadelphia ;  whose  left  mamma,  without  any  aisignable 
cauae,  had  become  greatly  deyeloped,  and  secreted  milk  copiously. — It  may  be  added 
that  a  lactescent  fluid,  apparently  presenting  the  character  of  true  milk,  may  frequently 
be  expressed  from  the  mammary  glands  of  infants.  (See  "  Dublin  Medical  Press,'* 
AprU  17,  I860.)  f  t.  Gorup-Besanez,  p.  888. 
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ant^ed  iBto  the  original  composition  of  tlic  milk ;  t^b  mmy  he  readil 
eeporatod  by  eviiporntion. 

805.  When  Milk  u  examined  witli  the  IVIicroscofje,  it  is  seeo  to  eon- 
tain  a  large  number  ofparticloR,  of  irregukr  size  and  fonu,  suspended  in 

a  somewhat  turbid  fluid  (Fig. 
207) ;    these   partieleB   vary 
in    sixe     from      about     tlie 
l-12,700th  to  tlie  l^OiOth 
of  an  inch  ;    and  th€y  asm 
termed  *  niiik*globul^.'  They 
are  not  affected  bj  tlie  mew 
contact  of  ether  or  alkalies ; 
but    if   diese    reagents    are 
shaken  with  tbem,  an  uniiie- 
diate  eolution  is  the  resoh. 
The  same  eflfecit  happens,  if 
ihcy  are   first    treated    vritli 
acetic  acid.     Hence  it  is  eri- 
deut^  that  the  globules  coo* 
sist  of  oiljr  matter,   inclosed 
in  an  envelope  of  some  kind ; 
And    an    extreinely    delicaU 
f^eUicle  may,  in  fact,  be  dit- 
tinguiahed,     after     the     te- 
moval    of   tlie    oily    matto^ 
by  ether,  or  after  the  globules  have  been  niptured  and  their  ecmttfiy 
preised-out  by  rubbing  a  drop  of  milk  between  two  plates  of  glass.      No 
proof  of  the  organization  of  thia  pellicle  has,  however,  been  detected  ^ 
and  it  is  probably  to  he  regarded  as  the  aimple  result  of  the  contact  of  i 
with  albuminous  matter. — Beddes  these  milk-globulea,  other  globulei 
much  smuller  si^e  are  seen  in   niilk ;  and  these   present  the    ^ 
moTement  which  is  exhibited  by  molecuJes  in  general.     Most  of  them  i 
to  consist  of  oily  matter  not  inclosed  in  an  envelope,  as  t^ey  are  at  < 
dissolved   when  the  fluid  is  treated  with  ether  ^  but,  according  la 
statements  of  Donn^,  it  would  seem  tliot  a  portion  of  them  are  < 
of  casein,  suspended,  not  dissolved,  in  the  fluid.     In  addition  to  the  ! 
going  particles,  there  are  found  in  the  ColostmJiu  <^^  "tiUt  secreted  du 
the  first  week  after  delivery,  large  yellow  granulated  corpuscles  (T^ 
207,  rt,  a)  which  seem  to  be  composed  of  a  multitude  of  snmlj   graitis 
aggregated  together;   these  appear  to  be  chiefly  of  a  iatty  nattu^  ^^ai^ 
tbr  the  moat  part  ^luhle  in  ether ;  but  traces  of  some  adheaiTie  mailer^ 
probably  muciis^  holding- together  the  particles,  are  then  seen.     They  are 
considered  by  some  ns  '  exudation- corpuscles,*  to  which  they  certainly 
bear  a  close  rc^scmhlance ;  according  to  Remhardt,  they  are  tnmslorfm- 
tlons  of  the  epithelial  ccUh  of  the  mammaiy  ducts,  the  result  of  a  sort  of 
fatty  degeneration    or    regressive    metamorpliosis   consequent    upon    the 
peculiar  activity  of  tlie  mammary  gland  during  pregmmcy.'*       LamcUs 
of  epithelium  are  also  found  in  the  milk. — According  to  Bemard^f  Co]o»- 
tnun  contains  a  very  largo  quantity  of  albumen,  since  it  coagubitos  em 
*  Bee  an  nliair&et  of  hh  views  In  Ibe  **  Bdinb.  MQatLlj  Joofsal,**  f«b.  1648; 
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fiiasse  when  it  is  heated.  At  a  later  period  none  can  be  discovered  by 
this  method ;  but  if  sulphate  of  magnesia  be  added,  all  the  casein  and  the 
butter  will  be  thrown  down,  and  on  filtration,  will  be  left  on  the  filter  with 
the  sulphate  of  magnesia ;  the  filtrate  will  then  contain  the  albumen  and 
the  sugar  of  milk,  and  will  coagulate  on  heat.  All  the  larger  globules  of  oil 
may  be  removed  by  repeated  filtration ;  and  the  fluid  is  then  nearly  trans- 
parent. This,  in  fact,  is  the  simplest  way  of  separating  the  oleaginous 
from  the  other  constituents  of  the  milk  ;  as  but  little  casein  then  adheres 
to  the  former.  The  transparent  fluid  which  has  passed  through  the  filter, 
contains  nearly  the  whole  amount  of  the  casein  of  the  milk ;  but  even  in 
this  fluid  there  are  found  globules  too  minute  to  be  kept-back  by  the  filter, 
whose  chemical  reactions  mark  them  as  oleaginous. 

806.  We  shall  now  consider  the  chemical  characters  of  each  of  the 
foregoing  ingredients. — The  Oleaginous  matter  of  milk  principally  con- 
sists of  the  ordinary  components  of  fat;  but  it  also  contains  another 
substance  peculiar  to  it,  designated  as  butyriuj  to  which  the  peculiar 
smell  and  taste  of  butter  are  due ;  this  yields  in  saponification  three 
volatile  acids,  of  strong  animal  odour,  to  which  Chevreul  has  given  the 
names  of  butyric,  caproic,  and  capric  acids.  These  peculiar  acids  are 
not  only  formed  when  the  butyrin  is  treated  with  alkalies ;  but  are  pro- 
duced by  the  ordinary  decomposition  of  this  principle,  which  is  &voured 
by  time  and  moderate  warmth. — The  Casein  of  Human  milk,  however, 
is  usually  said  to  be  much  less  precipitable  by  acids,  than  is  that  of  the 
Cow ;  very  commonly  resisting  the  action  of  the  mineral  acids,  and  even 
that  of  the  acetic ;  but  being  always  coagulated  by  rennet,  tJiough  the 
curd  is  long  in  collecting.  On  this  point,  however,  there  has  been  much 
discrepancy  of  statement,  on  which  ^e  experiments  of  Mr.  Moore*  throw 
some  light.  It  appears  from  the  results  obtained  by  him,  that  Human 
Milk  forms  with  most  acids  two  sets  of  compounds,  one  of  them  soluble 
in  water,  the  other  insoluble ;  the  latter  being  formed  only  when  the 
quantity  of  acid  is  large  in  proportion  to  the  casein.  Thus,  when  two 
fluid  ounces  of  Cow's  milk  were  boiled  with  a  single  drop  of  nitric  acid, 
complete  coagulation  of  the  casein  at  once  took  place  :  but  when  two  fluid 
drachms  of  Human  milk  were  treated  in  the  same  manner,  no  coagula- 
tion occurred,  though  the  casein  was  at  once  thrown-down  by  a  solution 
of  ferrocyanide  of  potassiiun ;  the  same  quantity  of  milk,  with  five  drops 
of  the  acid,  formed  a  coagulum  which  was  not  very  manifest  imtil  after 
the  lapse  of  ^ve  hours,  but  was  very  complete,  the  serous  fluid  not  being 
found  to  contain  any  casein  by  testing  it  with  ferrocyanide  of  potassium ; 
and  it  required  ten  drops  of  nitric  acid  to  produce  immediate  coagulation. 
The  quantity  of  acid  necessary  to  produce  coagulation  sufliciently  rapid 
to  be  immediately  visible,  will  vary  with  the  amount  of  casein  present  in 
the  particular  specimen  of  milk,  5  drops  in  some  instances  producing  a 
coagulation  as  rapid  as  that  produced  by  10  drops  in  others.  In  no 
specimen  did  Mr.  Moore  fail  to  produce  coagulation  by  adding  a  sufli- 
ciency  of  acid.  Acetic  acid  without  heat  produces  in  Human  milk  a 
slow  separation  of  soft  flaky  coagula ;  but,  when  heat  is  employed,  a 
more  perfect  coagulation  is  produced  by  small,  than  by  large  quantities 
of  this  acid.     Rennet  does  not  seem  to  act  upon  the  casein  of  Human 

*  "  Dublin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.  p.  280. 
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milk^  tinleas  an  acid  be  abo  present.  In  seTeral  of  tliese  parti  cula«v 
well  aa  in  its  small  [iroportional  amount,  tlie  Cusein  of  xias's  milk  bear? 
closer  reaembknce  to  that  of  Hiiniar^  milk,  than  does  that  of  the  Cow, — 
The  Siiffar  of  Miil\  which  inaj  be  obtained  by  evaporating  wbej  to  the 
conBistence  of  a  syrup,  and  then  setting  it  aside  to  cryHtallizej  fortnfi  ftjur- 
fiided  prisms,  whose  composition  is  C  24^  H  19,  O  19  4-  5  HO-  In 
many  of  its  jiroperties  it  bears  a  close  reeemblance  to  Glua>6e  or  Gm|}e 
sugaFj  into  which  it  is  readily  converted  by  the  agency  of  dilute  ^phimc 
or  hydrochloric  acid,  or  by  the  acetic  or  citric  acids.  It  is  readily  made 
to  pass  into  the  lactic  and  but}'ric  fermenfcatbn,  by  the  appropriate  fer* 
luents ;  but  is  with  difficulty  brought  to  undergo  the  vinous  fertneu taction. 
— The  Saline  matter  contained  in  milk^  appears  to  be  nearly  identicftl 
with  that  of  the  blood ;  with  a  larger  proportion  of  tlie  phosphates  of 
lime  and  magnesia,  which  amount  to  2  or  2^  parts  in  1000.  Tl*eie 
phosphates  are  held  in  solution  chiefly  by  the  casern,  which  seems  to  b*T« 
a  power  of  combining  with  them  even  greater  than  that  of  albumen  ;  the 
presence  of  a  minute  proportion  of  free  alkali  also  assists  their  eolation.  A 
anmll  portion  of  iron  in  the  state  of  phosphate^  together  with  the  dbXoridei 
of  jiotasslum  and  sodium,  may  also  be  detected  in  milk.*  j^J 

807.  The  proportion  of  these  different  constituents  is  liable  to  grai|^H 
variation,  from  several  causes.  Thus,  the  whole  amount  of  tlie  solid  cc©^^ 
stituents  may  vary  from  86  to  1S8*6  parts  in  1000  ;  the  difference  Imiig 
partly  due  to  individual  constitution,  but  in  great  part,  also,  to  the  amount 
and  character  of  the  ingesta.  The  average  seems  to  be  between  100  and 
120  parts.  The  following  tablet  ^i^  serve  to  indicate  the  tusual  ooraposi- 
tion,  as  weU  as  the  ordinary  variations  occurring  in  Human  jmlk  : — 


t'3 

B5d*cktr. 

GrimOi. 

Doyfrro. 

Simon* 

Henry 

m%oi4 

i 

Uh^nWm 

Water    ....     874*6 

882-2 

876^0 

873^8 

asi-s^-su-a 

m-B 

StigarofMilk  .     ,       m 

64  *e 

tJl'Tfl 

70-0 

39-2—  62  4 

eitii 

P»t   .     .     .     .     ,       47  5 

sro 

25*41 

BS*0 

8-0—  54^0 

35-f 

AlbatnuiQtiBCoiDpdi,      9'B 

19-0 

12*68 

lfl'4 

19-6—  45*0 

ui 

SftUa      ....         1-1 

a*2 

1-55 

1-S 

i*e—   2  7 

IS 

Milk  contains  about  3  per  cent  of  its  volimie  of  Gas,  having  a  percent 
composition  of  55 '15  of  Carbonic  acid^  40'56  of  Nitrogen,  and  4 '29  of  ( 
gen*  It  furtlier  appears  from  the  analyses  of  Simon,  that  tlie  proportioa^ 
the  different  ingredients  is  liable  to  variation  according  to  the  time  wl 
has  elapsed  since  parturition.  The  quantity  of  Casein  is  at  its  miuimtiiiil 
the  commencement  of  lactation,  and  then  gradually  rises  tmtil  it  attaioa] 
nearly  fixed  proportion.  The  quantity  of  Sugar,  on  tJie  contrBry,  is  at 
its  maximum  at  first,  and  gradually  diminishes.  The  amount  of  Batter 
(as  appears  from  the  wide  extremes  showu  in  the  above  tables)  is  mcitB 
variable  than  that  of  any  other  constituent. — ^That  some  of  the  variiitioEifl, 
moreover  J  sire  due  to  the  character  of  the  ingesta,  and  others  to  tlw 
external  temjieratuje,  amount  of  exercise,  and  other  ctrcunistane«s 
affecting  the  individual,  is  proved  by  the  inquiries  of  Dr,  Playftiir  upon 
the  Milk  of  the  Cow.     lie  has  shown  that  the  amount  of  butt«r  d^e&di 

*  Haidlen  tn  **  AnimliJa  d<r  Chemic  UDd  Fharmade,**  bud  ilf.  p,  l<53. 

t  CiijiBta tl*a  •  *  J  jih  re*berich  t^ "  1860. 

t  Henle  imd  Mei«SQ»r*»  "  Berioht,''  U57,  p.  3^. 
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in  part  upon  the  quantity  of  oily  matter  in  the  food,  and  in  part  upon  the 
amount  of  exercise  which  the  animal  takes  and  the  warmth  of  the  atmo- 
sphere in  which  it  is  kept :  exercise  and  cold,  by  increasing  the  respira- 
tion, eliminate  part  of  the  oily  matter  in  the  form  of  carbonic  acid  and 
water;  whilst  rest  and  warmth,  by  diminishing  this  drain,  &your  its 
passage  into  the  milk.  The  proportion  of  Casein,  on  the  other  hand,  is 
increased  by  exercise.  Dr.  Play&ir^s  experience  on  this  head  seems  to 
correspond  with  the  results  of  common  observation  in  Switzerland ;  for 
where  the  cattle  pasture  in  very  exposed  situations,  and  are  obliged  to 
use  a  great  deal  of  muscular  exertion,  the  quantity  of  butter  yielded  by 
them  is  very  small,  whilst  the  cheese  is  in  unusually-large  proportion ; 
but  these  same  cattle,  when  stall-fed,  give  a  large  quantity  of  butter  and 
very  little  cheese.  It  is  quite  possible,  moreover,  that  particular  breeds 
of  cattle  may  yield  milk  of  a  richer  quality  than  others.  Thus  Vemois 
and  Becquerel*  foimd  that  Tyrolese,  Dutch,  and  Swiss  cows  gave  milk 
containing  from  7  to  nearly  10  per  cent  of  butter,  with  much  casein  and 
albumen;  whilst  the  cows  in  the  immediate  neighbourhood  of  Paris 
furnished  a  poor  milk,  containing  only  3*6  or  3*7  per  cent  of  butter,  and 
but  little  casein.  The  total  amount  of  solid  matter  in  the  milk  diminishes 
with  age,  being  most  abundant  in  nursing  women  of  from  15  to  20  years, 
and  smallest  in  those  of  from  35  to  40  years  of  age. 

808.  The  change  which  naturally  takes-place  from  the  condition  of 
Colostrum  to  that  of  true  Milk,  during  the  first  week  of  lactation,  is  a 
very  important  one.  The  Colostrum  has  a  purgative  effect  upon  the 
child,  which  is  very  useful  in  clearing  its  bowels  of  the  meconium  that 
loads  them  at  birth ;  and  thus  the  necessity  of  any  other  purgative  is 
generally  superseded.  Occasionally,  however,  the  coloatric  character  is 
retained  by  the  milk  during  an  abnormally  long  period ;  and  the  health 
of  the  infant  is  then  severely  affected.  It  is  important  to  know  that  this 
may  occur,  even  though  the  milk  may  present  all  the  usual  appearances  of 
the  healthy  secretion ;  but  the  microscope  at  once  detects  the  difference.^ 
The  return  to  the  character  of  the  early  milk,  which  has  been  stated  to 
take-place  afler  the  expiration  of  about  twelve  months,  seems  to  indicate 
that  Nature  designs  Uie  secretion  no  longer  to  be  encouraged ;  the 
mother's  milk  cannot  then  be  so  nutritious  to  the  child  as  other  food  ;  J 
and  every  medical  man  is  familiar  with  the  injurious  consequences  to 
which  she  renders  herself  liable,  by  unduly  prolonging  lactation.§  Cases 
are  not  unfrequent,  however,  in  which  the  secretion  continues  as  long  as 
there  is  a  demand  for  it;  and  sometimes  quite  independently  of  this.  It 
is  the  habit,  among  some  nations,  to  suckle  the  children  imtil  they  are 
three  or  four  years  old,  and  to  continue  doing  so  even  though  another 
pr^nancy  should  supervene  ;||  so  that  the  older  child  is  only  displaced 

•  "LTnion  M^dicale,'*  xi.  No.  26. 

t  See  I>onxi6,  "Dn  Lait,  et  en  porticulier  oelni  des  Noorrices,"  and  "  Brit,  and  For. 
Med.  Review,"  yoI.  ri.  p.  181. 

i  On  the  whole  subject  of  Infant  Nutrition,  the  Author  would  strongly  recommend 
the  excellent  little  work  of  Dr.  A.  Combe,  formerly  referred-to. 

§  One  of  these,  which  has  particularly  fallen  under  the  Author's  notice,  is  debility  of 
the  retina,  sometimes  proceeding  to  complete  amaurosis ;  this,  if  treated  in  time,  is 
most  commonly  relieved  by  discontinuance  of  lactation,  generous  diet,  and  quinine. 

II  See  Erman's  **  Travels  in  Siberia  "  (translated  by  OooUj),  toL  iL  p.  627 ;  and  the 
'*  Narrative  of  the  United  States'  Bxploring  Expedition,"  voL  IL  p.  188. 
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by  tbe  arrival  of  another  infant.     And  it  aeems  to  be  chiefly  among  1 

who  have  thus  forced  the  mammary  glood  into  a  state  of  unumt        ^ 

perBJstent  activity,  tliat  the  spontaneous  and  irrepreaaible  flow  eontljayes^ 
aller  the  demand  for  it  has  erased.* 

809,  It  ia  very  intereeting  to  observe  that  Milk  contains  the  three 
claeaes  of  principles  which  are  required  for  hutuan  ibod, — the  Alhuntinotu, 
Uie  Oleaginous^  and  die  Saccharine;  and  it  b  the  only  secreted  fluid  in 
wliich  these  all  exist  to  any  conaiderable  amount.  It  is,  therefore,  tb« 
(bod  most  perfectly  adapted  for  the  young  animal ;  and  is  tbe  only  amglt 
article  impplJed  by  i^ture,  in  which  such  a  combination  exista.  Our 
artiticial  combinations  will  bo  suitable  to  replace  it^  just  m  propoafti9a  a£ 
they  imitate  its  character ;  but  in  none  of  them  can  we  adv&nt^geoualy 
dispense  with  milk,  under  some  fomi  or  other.  It  sliould  be  r^em^iibef«d 
that  the  Saline  ingredients  of  milk,  especially  the  phosjjhales  of  liiii^ 
magnesia,  and  iron,  have  a  very  important  innetion  in  thenutritioo  of  thtt 
ioJant,  ttflbrding  the  material  tor  the  consolidation  of  its  bones  and  i 
the  production  of  its  red  blood-corpuacles ;  and  any  iluid  mibstituied  i 
milk,  which  does  not  contiiin  theoe,  ia  deficient  in  essential  constitu^ 
It  is  very  justly  remarked  by  Eh*.  Hees,^  tliat,  of  all  the  secreted  Bn 
Milk  is  most  nearly  allied  in  ita  composition  to  Blood. 

810.  Tbe  proportion  of  the  different  ingredients  in  tbe  Milk  of  ' 
ferent  animals,  is  subject  to  considerable  variation  :  and  tliia  fact  ii  of 
much  practical  importance  in  guiding  our  election,  when  good  Huniaii 
milk  cannot  bo  conveniently  obtained  for  the  nouriahment  of  mx  lOJuit. 
The  first  point  to  be  inquired-into^  is  the  qiiantily  of  solid  maltier  ooOr 
tEiined  in  eacli  kind^  this  inay  be  determined  either  by  evapoimtkiii,  orhf 
tiie  sjjecific  gravity  of  the  fluid.  The  Specific  Gra-vlty  of  Human  MiPt  m 
stated  by  Br.  Kees  (loc,  cit.)  to  vary  between  1030  and  10S5 ;  others^ 
however  J  have  estiniated  it  much  lower.  That  of  the  Cow  appears  to  ht 
usually  about  the  same  ?  that  of  the  cream,  however,  being  1024, 
that  of  the  skimmed-milk  about  1035*  The  variation  will  in 
depend  (as  in  the  case  of  the  urine)  upon  the  quantity  of  fluid  iD| 
and  in  part,  it  is  probable,  upon  the  manner  in  which  the  milk  is  £a«ti; 
for  it  is  weU  known  to  milkers,  tliat  the  laat  milk  tliey  obtain  ia  ixindi 
richer  than  that  witJi  which  the  udder  is  distended  at  the  comnaeiioeiiMSi^ 
The  quantity  of  solid  matter  obtainable  from  Cow*s  Milk  by  eva|] 
seems  to  be  usually  considerably  greater  than  that  yielded  by  Ht 
Milk ;  and  tiiexe  is  also  a  considerable  difTerenoe  in  the  relative  pw 
tions  of  their  in^edients,  there  being  far  more  casein  and  less  sugar  ii 
milk  of  Uie  Cow,  than  in  that  of  the  Human  female*  The  foUowing  1 
exliibits  the  average  proportions  of  the  different  ingredients,  ia  ^e  ] 
of  variona  animals  from  which  tliat  fluid  is  commonly  obtained  j 
pro£KirtioiiB,  however,  are  hable  to  wide  variatioua  :— 

*  Thufl  Br.  Green  hwt  pablifihed  i'^l^ew  Tork  Jimm.  of  Med.  and  Surg^''  Sift 
1344)  Qieca«e  of  a  lady,  i^t.  47,  the  mother  uf  fuur  children,  who  hftd  an  ^ImirhH 
HOpply  af  tnilk  for  lii^cftiy-»even  y^arM  previotisly,  A  period  *if  t^mWf  four  jrvao  orf  i 
bnlf  occurred  between  each  lirth  ;  oad  the  chUdren  were  perEtiiit«d  lo  ^^s  tte  Itwtf 
nntj]  ilitjjr  wer^j  ruoniiig  about  nt  piny.  At  the  time  irheti  Dr,  0.  wtvUi,  §^  |^  ||^ 
fiiuci  years  a  widow,  and  waa  obliged  to  have  lier  Irtc&ata  drnwa  daily,  the  ntcwtJil  if 
milk  Wltig  io  copioQ!. 

t  **Gyalo|i«cdiaof  AaaWtny  and  Phji^olog^,"  AiL  ^MiUu' 
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Wowtan,        Ckm.              Ooai,             Sheep,  A$e,  Mare. 

(Simoii.)      (Simon.)      (Cheyallier.)  (ChevaUier.)  (Simon.)  (Loitoius.) 

Water    ....     890          860             868              856  907  888 

SoUds     ....     110          140              132              144  95  112 


Batter    ....  25  88  S3  42  12  8 

Casein    ....  85  68  40  45  16  16 

Sugar  and  Extractive  48  80  53  50  )    ^^  qq 

Fixed  Salts.     .     .  2  6  6  7  J    '"^  ^^ 

It  appears  firom  this,  that,  whilst  the  milks  of  the  Cow,  Goat,  and  Sheep 
have  a  general  correspondence  with  each  other,  those  of  the  Ass  and  Mare 
are  fluids  of  very  dissimilar  character,  containing  a  comparatively  small 
proportion  of  casein,  and  still  less  butter,  but  aboimding  in  sugar.  Hence 
it  is  that  they  are  much  more  disposed  to  ferment  than  other  milk ; 
indeed  the  sugar  of  Mare's  milk  is  so  abundant,  that  the  Tartars  prepare 
from  it  a  spirituous  liquor,  to  which  they  give  the  name  of  koumiss. 
Although  no  milk  more  nearly  approaches  that  of  the  Human  female,  in 
the  proportion  of  its  ingredients,  than  that  of  the  Goat,  its  casein  forms 
a  peculiarly-dense  curd,  which  does  not  suit  the  stomach  of  the  in&nt ; 
besides  which,  the  milk  is  tainted  with  the  peculiar  odour  of  the  animal, 
which  is  more  intense  if  the  individual  be  dark-coloured.  The  milk  of 
the  Ass,  though  differing  in  the  proportion  of  its  ingredients,  seems  to 
bear  a  closer  approximation  in  properties  (§  806).  The  milk  of  the  Cow 
will  usually  answer  very  well  for  die  food  of  the  in&nt,  if  care  be  taken 
to  dilute  it  properly,  according  to  the  age  of  the  child,  and  to  add  a  little 
sugar.  Where  there  is  an  apprehension  of  an  early  fidlure  in  the  supply 
of  Milk,  the  Author  has  found  it  advantageous  to  commence  feeding  the 
In£mt  once  a  day  with  this  mixture,  soon  after  the  first  month ;  the 
number  of  its  meals  may  be  progressively  increased,  imtil  it  becomes 
entirely  independent  of  its  parent,  without  any  abrupt  transition ;  and  at 
the  same  time  the  proportion  of  water  and  of  sugar  may  be  diminished, 
in  accordance  with  the  natural  change  which  takes  place  in  the  milk  of 
the  mother  during  the  progress  of  lactation  (§  807). 

811.  From  what  has  been  stated  of  the  close  correspondence  between 
the  elements  of  the  Blood  and  those  of  the  Milk,  it  is  evident  that  we  can 
scarcely  expect  to  trace  the  existence  of  the  latter,  as  such,  in  the  circu- 
lating fluid.  To  what  degree  the  change  in  which  their  elaboration 
consists,  is  accomplished  in  the  Mammary  gland,  or  during  the  course  of 
the  circulation,  there  is  no  certain  means  of  ascertaining.  It  is  evident 
that  the  secretion  cannot  serve  as  the  channel  for  the  deportation  of  any 
element,  the  accumulation  of  which  would  be  injurious  to  the  system ; 
since  it  does  not  occur  in  the  Male  at  all,  and  is  present  in  the  Female  at 
particular  times  only.  Yet  there  is  reason  to  believe  that  if,  whilst  the 
process  is  going-on,  it  be  suddenly  checked,  the  retention  of  the  material 
in  the  blood,  or  the  re-absorption  of  the  secreted  fluid,  is  attended  with 
injurious  consequences.  Thus  if,  when  the  milk  is  first  secreted,  the 
child  be  not  put  to  the  breast,  an  accumulation  takes  place,  which,  if  not 
relieved,  occasions  great  general  disturbance  Of  the  system.  The  narrow- 
ness of  the  orifices  of  the  milk-tubes  obstructs  the  spontaneous  exit  ol 
the  fluid,  especially  in  pnmtparce ;  the  reservoirs  and  ducts  become 
loaded ;  further  secretion  is  prevented  ;  and  a  state  of  congestion  of  the 
vessels  of  the  gland,  tending  to  inflammation,  is  induced.     The  accom- 
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paoTing  ferar  m  partly  due,  no  doubt,  to  the  local  disturbance ;  but  m 
part  aJso,  there  fieems  rmson  to  beheve,  to  the  re-abfiorption  of  the  milk 
into  iJie  blood ;  tMs  cannot  but  be  iujuriouSj  since,  althotigh  but  little 
altered,  the  conetitution  of  milk  is  essentially  different,  esspeciallj  in  r^inl 
to  the  quantity  of  crystallizable  matter  (sugar)  whieh  it  coutarus. — Om 
of  the  vicar wm  secretion  of  milk  are  not  numerous ;  ajid  in  no  ismtasace 
b  there  any  proof  that  the  elements  of  tlie  fluid  were  pre-e^  stent  in  tl» 
blood.  Some  of  the  most  curious  are  those  in  which  it  had  b^eo 
poiu'ed-out  from  a  gland  in  the  groin  \  but  it  is  probable  tliat  this 
in  consequence  of  the  existence  of  a  read  repetition,  id  diat  place,  o(  the 
true  mammary  Btructiu-e ;  this  being  the  atuation  of  tbe  inaoama?  in 
of  the  inferior  ajiimalai  of  which  the  homologuea  in  Man  are 
undeveloped** 

812,  Of  the  quantity  of  Milk  ordinarilj  secreted  bj  a  good  Nnrie,' 
is  difficult  to  form  a  oorreet  ^timateif  diioe  the  amount  which  can  be 
artificially  drawn,  affords  tio  criterion  of  that  which  ia  secreted  at  the 
time  of  the*  draught*  (§  711).  The  quantity  which  can  be  rnqmrnei 
from  eitlier  breast  at  auy  one  time,  and  which,  tlicrefore,  must  hate 
been  contained  in  ita  tubes  and  res^^oirs,  is  about  two  ounc^.  The 
amount  secreted  ia  greatly  influenced  by  the  mental  and  phyaical  con- 
dition of  the  female,  and  also  by  the  quantity  and  character  of  ^e  ingemk 
In  regard  to  the  influence  of  the  ment^  state  upon  this  secretton^  msfk 
details  have  already  been  given  (|§  711,  803),  With  reelect  U>  ihe 
phyeical  aUite  most  favourable  to  the  production  of  an  ample  supply  of 
this  important  fluid,  it  may  be  stated  generally,  that  Bound  h«^tht  a 

*  The  f tallowing  h  &  more  tincqtiivoeiil  case  of  Ticarionj  aeet^lan  ;  and  It  im  peenliaiif 
iat«r«&tiiig  fls  eK.bibitiDg  the  injurioaa  effacts  of  tbe  re-Abvorptloii  of  tbe  B^m^mif  ttti 
the  rdief  wliick  the  fijsteia  experieixced  when  it  wABieparated  frouj  the  blood  bf  th«l 
channel.  ''A  liidj  of  delieate  ooastitutioii  (with  a  predlBposiiiou  to  pnenmoaia)  vul 
vented  from  tuckUng  her  child,  ai  she  deeired,  by  the  following  circumstaooe.  Sboaa 
her  delirerj  ahe  hod  a  severe  fever^  danog  winch  hiir  brvast^  becune  Terj  lar^  and  hail 
the  nipples  were  swollen  and  firm  ;  and  there  woa  evidently  im  «bandatii  werelioa  «f 
milk  ;  but  neither  the  sucking  of  the  in^nt,  nor  any  u-tifidiil  mevja,  could  dmw  a  liailt 
drop  of  fluid  from  the  swollen  gkuds.  It  wile  cle»f  thut  the  milk^toben  w«re  clcsacd ;  afll 
aa  the  breasts  conibiued  to  gn>v  larger  and  mort  pftiafulp  paiig&tiT^s  wid  tAher  mmm 
were  emplu^'ed  to  check  the  seei^tion  of  milk.  After  thr^  dajt  tbe  fever  nntwh^ 
diminiehed,  aad  was  replaced  hj  a  ccinst^int  cough,  which  waa  at  £t«t  dt7,  bat  momaitm 
was  followed  by  the  expeetonition  of  film  pie  muenB,  After  thiii,  tbe  coagb  dimiHiiilifft 
ia  Bsrerity^  and  tho  eipectoratton  became  easj  ;  but  the  spuU  were  do  looger  mi 
bat  were  compojied  of  a  liquid,  which  had  all  tiie  phyaical  oharactetn  of  fcniiuw  j. 

This  continued  for  fifteen  days  ;  the  quantity  of  milk  exp«ctoimtid  miaa^iiUtig  to „ 

ouik^H  or  more  in  the  twenty *foiir  h<»nrB,  The  breasts  gradually  diminikbod  ia  ^m; 
■Jid  by  tlie  tirae  that  Uie  expectofatioii  ce&Bed,  they  bud  regained  their  natitral  itlmiB 
iiODS,  The  same  complete  obetsde  to  the  How  of  milk  from  the  nlpplei  recim»d  d^ 
the  births  of  four  children  suocessiTely,  with  the  same  sequflte.  Afler  tb«  sul^  ^ 
had  the  same  symptoms  of  fever,  but  this  time  they  were  not  followed  by  bri^iicAjy 
or  tbe  eipectoraUon  of  milk  ;  she  bad  In  their  itead  oopbaa  sweatuigi^  irbiabt  *<A 
fliher  severe  fiym]>iomS|  reduced  ber  to  a  cacheotic  stale,  and  terminatod  l^tally  u  » Igrl- 
night."  (*'Bul!etino  deile  Scieme  Mediche,"  Apr*  1835  ;  and  **Brit.  asd  Fdf,  IM. 
Review;*  Jmi.  1840.) 

+  Fqt  an  estimate  by  M.  Gaillot,  founded  on  the  eompamtive  weight  of  tbe  la&iil 
before  a^d  after  lacUtion,  see  ^^L'UnioD  MM^le,"  IM%  Ho,  10,  Tbe  U>ii%X  nmmM 
eouAidcred  by  Mens.  G.  to  be  usually  drawn  in  tbe  twenty  ^faiirhnnra,  variem  from  ft  o& 
to  H  ox.  {«poth,)  ;  but  his  eitiraates  are  .rltlated  by  tbe  extraoidinaiy  ^ittc-acy  td  Ite 
lactations  observed,  the  mlant  being  put  to  the  breast  fmia  25  to  30  iim»  in  tbe  iwtaHf- 
four  hoan. 
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vigorous  but  not  plethoric  constitution,  r^ular  habits,  moderate  but  not 
fatiguing  exercise,  and  an  adequate  but  not  excessive  amount  of  nutritious 
food,  furnish  the  conditions  most  required.  It  is  seldom  that  stimulating 
liquors,  which  are  so  commonly  indidged-in,  are  anything  but  prejudicial; 
and  even  where,  as  sometimes  imquestionably  happens,  an  improvement 
in  the  condition  both  of  mother  and  infant  is  the  immediate  result  of  the 
moderate  employment  of  them,  it  is  questionable  whether  the  remote 
effect  is  not  of  a  reverse  nature.*  Their  modus  operandi,  when  they  are 
really  beneficial,  seems  to  lie  in  promoting  the  digestive  process,  and  in 
thus  aiding  in  the  appropriation  of  those  nutritive  materials  which  con- 
stitute the  real  source  of  the  solid  constituents  of  the  milk. 

813.  The  influence  of  various  Medicines  upon  the  Milk,  is  another 
important  question  which  has  not  yet  been  sufficiently  investigated.  As 
a  general  rule,  it  appears  that  most  soluble  saline  compounds  pass  into  the 
milk  as  into  other  secretions ;  but  there  are  many  exceptions.  Common 
salt,  the  sesqui-carbonate  of  soda,  sulphate  of  soda,  iodide  of  potassium, 
oxide  of  zinc,  tris-nitrate  of  bismuth,  and  sesqui-oxide  of  iron,  have  been 
readily  detected  in  the  milk,  when  these  substances  were  experimentally 
administered  to  an  Ass ;  and  ordinary  experience  shows  that  the  Himian 
infent  is  affected  by  many  of  these,  when  they  are  administered  to  the 
mother.  The  influence  of  mercurial  medicines  taken  by  the  mother,  in 
removing  from  the  infant  a  syphilitic  taint  possessed  by  both,  is  also  well 
known.  The  vegetable  purgatives,  especially  castor-oil,  senna,  and  colo- 
cynth,  have  little  effect  upon  the  milk ;  hence  they  are  to  be  preferred  to 
the  saline  aperients,  when  it  is  not  desired  to  act  upon  the  bowels  of  the 
child. 


CHAPTER  XVII. 

OF   THE    DIFFERENT   BRANCHES    OF   THE    HUMAN    FAMILY, 
AND   THEIR   MUTUAL   RELATIONS. 

1.  General  Considerations, 

814.  On  taking  a  general  survey  of  the  Human  race,  it  is  natural,  in 
the  first  place,  that  we  should  proceed  to  inquire  into  the  evidence  at 
present  possessed  of  its  antiquity,  and  into  the  physical  and  social  conditions 
which  prevailed  in  the  most  remote  periods  of  which  any  information 
can  be  acquired ;  and  secondly,  that  we  should  endeavour  to  ascertain 
whether  the  origin  of  the  race  is  attributable  to  a  single  pair  whose  off- 
spring have  peopled  the  earth,  or  whether  there  may  not  have  been  a 
plurality  of  parents  or  of  centres  from  which  the  singularly  different 
nations  that  are  now  in  existence  have  sprung.  The  question  of  the 
remote  Antiquity  of  Man,  though  long  ago  suggested,  has  only  of  late 
years,  on  accoimt  of  the  numerous  &ct8  which  seem  to  lend  support  to  it, 
awakened  a  lively  spirit  of  philosophic  inquiry.  When  our  attention  has 
been  directed  to  it,  however,  it  soon  appears  that  no  subject  possesses  a 

*  Soe  the  Anthor^s  "  Physiology  of  Tempennoe  and  Total  Abttinenoe,**  §  208. 
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deeper  interest  tban  the  relation  in  which  ^lan  stands  to  the  orgainc  world 
ai^otind  him, — both  animal  and  vegetable  :  whether  lie  was  originallT 
created  with  his  corporeal  powers,  and  the  intellectual  fiiculties  to  whicli 
they  minbter  already  developed  to  tlieir  highest  extent,  and  c^j^ghle  *\f 
the  greatest  results  tlint  have  been  achiev^  in  snbsaquetit  timm;  or 
whedier  he  is  not  mther  to  be  r yarded  as  the  crown  and  acme  of  ft  lotkg 
process  of  development  commencing  with  fiir  simpler  organisms,  which, 
under  the  protracted  operation  of  ea^temaJ  agents^  and  in  accordance  with 
the  law  of  vouHtiuouM  descent  with  n^dtyicatiofi  throttffh  nat^ir^i  select in% 
(whereby  tliose  animals  that  are  the  strongest  and  best  adapted  for  the  ^leckl 
conditions  of  life  present  at  any  time,  supplant,  and  ultimately  extonutfi&t** 
the  less  perfectly  constituted)^  has  at  length  culminated  in  a  creature  tha^ 
even  now,  howsoever  noble  in  reaaon  and  infinite  in  faculties,  yet  |w«e6Qli 
a  transitory  condition  only  to  some  more  exalted  pliase  of  existence,  Tl<« 
facts  on  which  this  opinion  rests  are  of  varioua  character  and  weight,  anil 
a  few  only  of  the  more  important  can  here  be  allude<l-to.  We  hare  mm 
that  in  the  earliest  stages  dP  the  development  of  tho  embrj^o  of  the  Hutuan 
subject,  in  this  respect  presenting  a  character  conanion  to  all  ^nimffk 
a  single  cell  is  alone  discoverable,  which  receiving  an  acce^an  of  encngt 
from  the  sperm-cell,  and  being  placed  under  favourable  eonditiofis  for  tkt 
acquisition  of  the  materials  requisite  for  growth,  soon  undergoes  mh- 
division ;  and  that  in  the  cellular  mass  thus  formed  a  difiTerentiatioQ  o( 
parts  takes-pkce,  by  which  the  various  organs  and  tiisues  of  the  bodywt 
successively  evolved.  In  the  higher  forms  of  the  animal  creation  wv  hmn 
further  soen  that  at  certain  transitory  stages  of  development  a  clode  aimlog^ 
exists  with  the  permanent  conditions  of  creatures  occupying  a 
position  in  the  scale  ;  and  that,  whilst  throughout  the  whole  a  woi 
uni!^  in  the  process  is  clearly  discernible,  each  speciea  preaeotB 
characteristic  features  which  are  peculiar  to  itself  alone.  Thia^  it  is  t 
posed,  may  have  occurred  in  the  history  of  the  world.  A  few  great 
may  have  been  originally  formed,  which,  in  tlie  lapse  of  ages^  owing  la  \ 

action  of  external  agents,  as  lights  heat,  and  food,  and  to  the  " 

of  accidental  varieties  especially  adapted  to  these  external  conditionsi^  tift 
gradually  resulted  in  the  infinitely  varied  species  that  now  surround  tis* 
Witli  this  extraordinary  similarity  in  tlie  process  of  d4>velopma3i 
throug!>out  the  whole  anin>al  kingdom,  which  sc?em3  very  difficult 
to  account  for  upon  the  theory  of  a  separate  creation  for  esu^h  wped&t^ 
it  cannot  he  a  matter  of  surprise  that  close  bonds  of  alliance  shotild  be 
found  in  the  adult  period  of  life  even  amongst  the  most  diasimihir  creotovva 
The  Birds,  for  instance,  appear  to  be  a  singubrly  weU-defined  and  mj^mnom 
group ;  yet  the  researches  of  Mr.  Parkerf  have  sliown  that  in  their  oatfcpui 
system  they  possess  affinities  with  every  other  cla»  of  the  Veitebfiuia; 
BO  that^  whilst  presenting  the  closest  analogies  to  Reptiles,  mid  especia% 
to  the  Lacertilian  group,  they  anticipate,  on  the  one  hand,  varlotis  MiM* 
malian  characters,  and  on  the  other  recede,  as  it  were,  lietow  ffcptilg^ 
retaining  different  Ichthyic  points  of  stmcture^  which  are  not,  aa  m  ntk^ 
found  in  that  clasa  And  thus  it  has  ever  been  found  tlmt  ihe  moro  dat^ 

*  For  ft  fall  expodtion  of  this  tlisorj,  mv  Diu^in  "  On  the  Ori^ia  of  8p6cU«  hj  WUm^ 

of  Namral  Selection,"  &«.,  1859, 

f  Se^  his  p»p«r  *  On  th^i  Osteotogj  of  the  Qallinaae^iii  Birdjt  and  ^saMUn^'  la  Hi 
*'  Tr^ns,  of  the  Zoulogicwl  Societj"  fflT  Hot.  25,  IS 81 
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the  structure  of  even  the  most  aberrant  forms  of  animal  life  have  been 
investigated,  the  wider  have  been  the  affinities  discovered,  often  explaining 
what  was  previously  obscure  in  the  structure  of  others,  whilst  at  Uie  same 
time  the  more  complete  has  been  the  proof  that  no  real  isolation  of  a 
species,  much  less  of  a  genus  or  ^mily,  exists.  It  is  indeed  probable, 
— and  this  is  a  point  on  which  Mr.  Darwin  lays  great  stress, — ^that  were  it 
possible  to  reproduce  the  entire  series  of  forms  now  become  extinct,  a 
regular  gradation  would  be  presented  from  the  lowest  to  the  highest ; 
and  hence  that,  as  Dr.  Hooker  has  maintained,*  we  are  indebted  for  our 
means  of  resolving  plants  into  limitable  genera  and  orders  simply  to  the 
extinction  of  the  forms  by  which  they  were  originally  connected.  The 
reason  that  the  intermediate  links  have  not  been  discovered,  is  owing 
essentially  to  the  imperfection  of  the  geological  record.  Of  that  great 
book,  comparatively  few  leaves  have  as  yet  been  deciphered ;  whilst  even 
imder  the  most  &,vourable  circumstances,  and  with  tlie  largest  amount  of 
information  that  can  be  obtained  firom  this  source,  it  is  certain  that  the 
softness  of  the  tissues  of  many  animals  will  have  presented  an  effectual 
obstacle  to  their  preservation.  It  is  obvious  that  if  this  mode  of  expla- 
nation of  the  production  of  species  be  extended  to  its  utmost  limits,  we 
may  reach  the  extreme  of  simplicity ;  for  it  may  well  be  said  that  if  a 
few  types  only  are  needed,  these  may  again  be  reduced  in  number  to  a 
greater  and  still  greater  degree,  until  at  length  we  arrive  at  that  which 
is  common  to  all  at  some  stage  of  their  existence — the  single  nucleated 
cell, — a  structure  which  comprehends  the  totality  of  the  life  of  some 
animals  and  vegetables,  and  is  constantly  met  with  as  the  earliest  stage  of 
development  of  all ;  whilst  the  whole  superstructure  of  both  kingdoms 
may  be  considered  to  proceed  from  a  gradual  process  of  development  and 
differentiation  of  this  primary  and  most  simple  organization. 

815.  By  those  who  embrace  the  developmental  theory,  numerous 
facts  have  been  recently  collected,  tending  in  the  first  place  to  prove 
that  Man  has  existed  for  many  thousands  of  years  upon  the  face  of 
the  earth ;  and  secondly,  that  the  more  remote  the  period  at  which 
he  can  be  proved  to  have  existed,  the  ruder,  mpre  savage  and  d^raded,  both 
in  a  social  and  a  structural  or  physical  point  of  view,  was  his  condition. 
In  regard  to  the  former  point,  very  strong  evidence  has  recently  been 
obtained  by  the  discovery  of  Human  remains  intermingled  with  those  of 
extinct  animals,  as  the  Mammoth,  Cave  Bear  and  woolly  Rhinoceros,  in 
the  breccias  of  various  caverns,  as  in  those  of  Li^e  and  Engis;  whilst 
in  other  instances  where  no  bones  have  been  discovered,  perhaps  in  con- 
sequence of  the  practice  of  burning  the  dead,  almost  equally  unexcep- 
tionable evidence  has  been  obtained  from  the  discovery  of  works  of  art 
fashioned  by  Hiunan  hands,  as  in  the  flint  implements  found  buried  in  the 
drift  at  Abbeville  in  Picardy  and  at  St.  Acheul  near  Amiens,  and 
those  found  at  Hoxne  in  Suffolk,  and  in  Brixham  Cave  near  Torquay .| 
In  these  instances  the  geological  position  of  the  remains,  as  well  as  the 
circumstance  of  their  being  accompanied  by  the  bones  of  so  many  ex- 
tinct animals,  alike  point  to  a  remote  antiquity.  In  particular,  a  very 
close  investigation  of  those  found  at  Moulin  Quignon,  near  Abbeville,  by 

*  ''  Introduction  to  the  Flora  of  New  Zealand,"  1853. 

t  For  full  information  respecting  which,  see  "  The  Antiqaity  of  BiCan/*  by  Sir  Charles 
Lyell,  1863. 
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M.  Bouclicr  de  Perthes  and  others,  has  been  made  by  Mr.  Prealnridi,* 
who  has  ahowii  that  although  some  doubts  maj  attach  respecting  tiit 
authenticity  of  the  Iliiman  jawbone  and  some  of  the  flint  implimiofii 
recently  discovered  there;  yet  that  the  genuineneaa  of  other  flint  iinpl€maali 
cannot  be  doubted,  mid  that  the  age  of  the  gravel -beds  in  which  they  h^Tf 
been  discovered  is  perfe<jlly  well  determined  as  belonging  to  an  eiirly  Qua* 
ternary  or  Postj»liocene  period,  dating  before  the  excavation  of  the  valley 
of  the  Somme^  and  consequently  to  a  period  when  the  phjBical  chai^ciereif 
the  cotuitry  wore  a  very  different  aspect  from  thai  which  it  now  preieiiti. 

81 6i  Nor  can  the  circiunMance  be  diftregarded^  that  in  the  oldcil 
existent  monuments^  as  on  those  of  Amenophis,  of  Hortm,  and  of  UhMMOMm^f 
sculpture  and  paintings  amongst  the  latest  of  the  fine  arts  in  their  dm 
ment^  had  attained  to  so  high  a  degree  of  per^M^on  amongst  tlie  J 
tians,  that  the  types  of  the  Human  race  there  depicted  m&y  sdll  be  rt 
to  as  excellent  portraitures  of  some  of  the  still  existing  varieties — the  i 
the  Mongol,  and  the  jEthiopian  hemg  readily  distingtiiahable-  For  1 
indicatesj  on  the  one  hand,  the  wonderful  permanence  of  particular  trp^ 
and  so  far  constitntea  an  argument  against  tlie  Specific  Unity  of  Man  on  tJii 
aasuinption  that  his  dunition  upon  tlie  earth  has  not  exceeded,  as  ordinanlj 
computed,  some  6000  y^rs ;  whilst  if  we  ^timate  the  period  occupied  m 
the  progress  to  a  high  degree  of  civili^tion  in  the^  old  times  by  tbe  ixtetl 
which  it  has  advanced  in  the  history  of  modern  European  DatioD%  we  find 
it  requisite  to  admit  the  lapse  of  a  much  longer  period  Lhan    is  ~ 

allowed,  and  of  a  long  sequence  of  antecedent  generations.      In  all 
nations  of  Western  Europe,  in  FrancOi  in  England,  in   Germany  i 
it  has  taken  many  centuries  to  rear  the  modem  fabric  of  dviliEatioii;  j 
the  ultimate  results  obtained  by  ancient  nations,  however  imp 
they  may  be  known  to  us,  do  not  appear  to  be  of  eo  extr^u>r 
nature  as  to  lead  \m  to  attribute  to  tliom  a  superior,  if  even  an 
meaetnre  of  intellectual  endowments  with  ourselves,  nor  on    that  aooOHDl 
to  admit  that  their  progress  in  mental  culture  may  have  beea  more  ntpid4 

1^17.  The  evidence  tending  to  show  tliat  the  most  ftndent  tmomJl 
Alan  possessed  a  materially  lower  type  of  organization  tlian  thoae  «&  vt' 
sent  in  existenee,  is  not  by  any  means  suilicient  to  enable  any  gtnieal 
conclusions  to  be  drawn  respecting  the  truth  of  tJie  develcnmcUtol 
theory,  or  to  show  thai  there  have  been  transitional  Links  between  ibi 
higher  Apes  and  Man.  In  the  most  remarkable  cranium  yet  ili*^ 
covered,  tliat  of  the  Neanderthali  which  has  been  most  imreliilh 
examined  by  Prof  Huxley,  the  forehead  is  indeed  unuscnaJJv  loi 
and  retreating,  the  supraorbital  ridgea  promlnentj  and  tlie  *booci 
remarkably  tliick.  Yet  its  cubic  capacity  does  not  appear  to  t»  mate- 
rially leas  than  that  of  matiy  crania  that  might  be  selected  &om  tnodem 
nations  J  and  hence,  as  Mr»  Huxley  adds,  ihe  6rst  traces  of  the  priinordkt 
Btoek  whence  Man  lias  proceeded  need  no  longer  be  sought  by  tliose  w^ 
entertain  any  form  of  tlie  doctrine  of  progressive  development  in  tlit 

♦  Bee  **  Phil.  TmnMct,;'  1S60,  p.  277  ;  **Proc.  o-f  tbe  EoyJ  8iwie*y,'»  »ol.  joL  lUK 
p,  ZB  ;  and  "  Qujirterly  Journal  of  th*  6eologii»l  Society,"  Not.  1,  1S63,  vaL  Eit  p.  iK. 

t  ?ee  Samael  Mortan,  ''  Cmnta  ^gyptiA^"  PhiUd.,  1B4I ;  and  ih«  works  of  C^mi* 
polHon  and  EoselUDi  ;  Paul  BroeA,  'On  the  PbenotD«Da  of  Hjbriditj  m  M&iu*  **  Jpar^ 
d*  ta  PhyRioL;'  vol.  iii,  1S61. 

t  Sir  Charles  Lyell,  **  Antiqaitgr  <rf  Man,"  p,  $9. 
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newest  tertiaries,  but  must  be  looked  for  in  an  epoch  more  distant  from 
the  age  of  the  Elephas  primigenius  (mammals)  than  that  is  from  us. 

818.  Many  interesting  facts  have  recently  come  to  light,  which,  whilst 
furnishing  corroborative  geological  evidence  of  the  antiquity  of  Man, 
afiEord  important  means  of  estimating  the  material  and  social  conditions  of 
his  existence  in  these  distant  epochs.  The  most  interesting  evidence 
upon  these  points  is  derived  from  the  Danish  Peat  Mosses.  These,  which 
are  of  considerable  depth,  varying  from  30  to  40  feet  or  more,  have  been 
the  result  of  the  slow  formation  of  ages;  and  from  the  extraordinary  pre- 
servative power  which  they  possess,  have  become  the  receptacles  or  de- 
positaries of  a  series  of  objects,  from  which,  by  a  process  of  inductive 
reasoning,  the  most  valuable  conclusions  can  be  drawn.  On  the  surface 
of  the  soil  of  Denmark  in  the  present  time  there  flourish  magnificent 
forests  of  Beech  trees,  numerous  trunks  of  which  are  found  in  the  super- 
ficial layers  of  the  Peat,  mingled  with  those  of  other  trees,  as  the  Alder,  the 
Aspen,  and  the  Birch.  With  these  are  foimd  various  instruments  con- 
structed of  iron,  a  metal  requiring  a  considerable  amoimt  of  technical 
skill  in  its  extraction,  partly  on  account  of  the  chemical  processes  to  which 
the  ores  have  to  be  subjected,  and  partly  on  account  of  the  extremely  high 
temperature  required  for  its  fusion  or  welding.  These  tools  are  accom- 
panied by  the  skulls  of  men  presenting  close  analogies  to  the  present 
Scandinavian  type,  of  whom,  indeed,  they  inay  be  considered  as  the  early 
ancestors.  Below  the  Beeches,  the  trunks  of  Oaks  are  found,  and  iron 
instrimients  cease  to  appear,  being  replaced  by  those  of  bronze.  Mr. 
Lubbock*  has  adduced  various  considerations  to  show  that  these  workers  in 
bronze,  which  is  composed  of  copper  and  tin,  were  of  Eastern  origin,  and 
were  perhaps  allied  to  the  modem  Hindoo,  with  whom  they  agreed  in  the 
form  of  the  head,  in  the  practice  of  burning  the  dead,  in  their  leading  a 
pastoral  and  agricultural  life,  as  evidenced  by  the  associated  remains  of 
sheep,  oxen,  and  pigs,  and  in  using  cylindrical  as  well  as  cubic  dice. 
Still  lower  in  the  Peat  the  scene  once  more  changes ;  the  trunks  of  Pines 
now  abound,  and  with  these  have  been  discovered  crania  belonging  to  a 
wholly  different  race — a  race  who  were  igaorant  of  even  the  simplest  pro- 
cesses of  metallurgy,  and  were  only  able  to  fashion,  though  often  with  great 
skill  and  ingenuity,  a  series  of  stone  or  flint  instruments — hammer,  chisel, 
saw,  adze  or  dagger — and  who  were  probably  a  hunting  and  fishing  na- 
tion, burying  their  dead  in  tumuli  or  barrows.  Additional  information 
has  been  gained  respecting  this  race,  or  the  races  coeval  with  them,  by 
the  investigation  of  the  Swiss  Lake  Habitations,  the  piles  supporting 
which  have  been  found  in  the  lakes  of  Zurich,  Constance,  and  Geneva ; 
and  still  more  by  careful  examination  of  the  Danish  "  Kitchen-middings.*' 
In  the  former  the  same  succession  of  L-on,  Bronze,  and  Stone  eras  appear 
to  have  succeeded  one  another;  whilst  the  latter  seem  to  be  refuse-heaps, 
composed  of  oysters,  cockles,  mussels,  periwinkles,  and  other  moUusca 
which  have  been  thrown  out  around  their  habitations  by  men  of  the  Stone 
period.  The  crania  of  this  race  are  small  and  round,  with  overhanging 
eyebrows.  The  remains  of  dogs  and  various  wild  animals  are  found  in 
the  middings,  which,  with  the  canoes,  and  the  bones  of  deep-sea  fish,  as 
the  cod  and  herring,  seem  to  show  that  this  ancient  people  lived  by 
Inmting  and  fishing. 

♦  "  Natural  HiBtory  Review,"  1861,  p.  489. 
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810.  rn  pursalng  the  second  branch  of  our  inquirj%  it  is  :ippiir^it  that 
unKingdt  the  various  tribes  of  Men  which  p^>ple  the  surface  of  the  globc^ 
aiul  which  are  separated  from  all  other  animals  hy  the  cbaracters  foniiejiT 
described  (Chap.  IL),  there  are  difletences  of  a  yery  striking  »i»d  im- 
portant  nature*  Thojr  are  dlFtingiiishable  from  each  other,  not  ouIt  by 
their  hingnagc,  dress,  manners  and  customs,  religious  belief,  an*!  oili^ 
actjuiretl  poculiarities^  but  by  the  phjaical  conformation  of  their  bodloi ; 
and  the  difference  lies  not  merely  in  the  colour  of  the  skin,  the  nature  of 
the  hair,  the  form  of  the  soft  parts  (such  as  the  nose,  lips,  &c,),  but  m  ibe 
«hape  of  the  skull  and  of  other  part«  of  the  bonj  skeleton,  which  might  he 
Bupposcd  to  be  less  hable  to  variation.  Now  it  is  clear! j  a  questiixi  of 
great  scientilic  interest^  ag  well  as  one  that  coneiderably  afFects  the  tno^ 
in  which  we  regard  the  races  tliat  differ  from  our  own^  whether  they  k« 
all  of  one  specie;?,  tliat  ia^  descended  from  the  same  or  frmn  fmilmr 
parentage  J — or  whether  they  are  to  be  couaidered  as  disiinci  specie  *^  the 
ilrat  parents  of  the  several  races  having  had  the  siune  diilereticot  i 
thernaelves  ai  those  which  are  now  exhibited  by  tht^ir  da@ceudjiitt& 

820.  In  order  to  arrive  at  a  juat  conclusion  on  thia  subject,  it  iiM 
sary  to  take  a  very  extensive  survey  of  the  evidence  tiirnislied  I 
number  of  different  lines  of  inquiry.     Thus,  in  the  First  place,  it  h*  i 
to   investigate  what  are  the  discrimiuatliig  structural   tnark>^    >'^ 
ej7e(*ifit  are  diatiuguished  among  other  tribes  of  ajxinuils. — "-  it 

should  be  ascertained  to  what  extent  variation  may  proceed  umyni^  mem 
which  are  liiBtorically  known  to  have  had  a  common  |iareat,age,  and  rthat 
are  tl»e  circumstances  which  most  favour  such  variation, — Thirdly ^  tW 
extreme  variations  which  present  themselves  among  tlie  different  ntocs  rf 
Men*  should  be  coni^mred  with  those  which  occur  among  tribes  of  auh 
known  to  be  of  the  same  parentage  ;  and  it  should  be  questionedi  at 
same  tiine*  whether  the  circumstances  which  ilivour  the  productkillf 
varieties  in  the  latter  t^ae  are  in  operation  in  the  former. — FomMjf 
where  it  is  imposgible  to  ir&ce*back  distinct  races  to  their  origin,  it  is  lo 
be  inquired  how  fur  agreement  in  physiological  and  psycho log-ical  [m^cuU- 
arilies  Juay  be  regarded  as  indkallng  spec i tic  identity,  even  where  ^  ««•- 
aiderablo  diiferenee  exists  in  bodily  conibnnation ;  and  this  teet,  if  it  I 
can  be  determined -on,  has  to  be  apphed  to  Man. — FifUdr,  it  musft  h» 
attempted,  by  a  detailed  examination  of  the  varieties  of  the  lluman  ne« 
themselves,  to  ascertain  >vhether  their  diJferencefi  in  conformatioii  an  j 
constant ;  or  whether  there  are  not  such  occasional  manife^taiionB,  In  ( 
race,  of  a  tendency  tc^  assume  the  characters  of  others,  aa  to  prevent  say 

detinite  lines  being  drawn  between    the  several  tribes  which   

make-up  the  (supposed)  distinct  species. — Aii  investigatjou  eo 
hensive  coidd  not  be  followed-out,  even  in  tlie  most  cursr^ry  mantier' 
wotdd  be  consistent  witJi  utility,  within  the  limits  of  the  present  w«vk; 
and  no  more  will  be  attempted,  therefore,  than  an  indication  oi*  th«  pm- 
cipal  points  of  difference  among  tlie  several  Races  of  Men,  and  ti  eUiUnnmi 
of  the  results  of  inquiry  into  their  degree  of  constancy  in   etuh   oC  lilt  | 
principal  groups  which  diey  have  been  thought  to  mark-out,* 

*  Tlie  whole  of  ifaiJi  iiiT««tlgftiba  haa  been  moat  elaborateljr^  and  in  tli«  AttlM^ 
^pinioa  taoH  sticcefisfultf  warked-out  by  Dr.  Pricburd^  m  bii  profoiuii]  mtal  t>bii«Kibhiflil  { 
TrwitUe  on  tlie  "Pliysie&I  History  of  Man."     For  ft  mare  eooets^  view  af  lit.  PridMri'i 
arfuinch^^  witb  »ome  luiditit^nal  considerations  not  etnbmced  lu  tl.  lite  Autlhar  i 
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821.  The  differential  characters  on  which  those  have  relied,  who  have 
sought  to  establish  the  existence  of  &  plurality/  of  species  among  Mankind, 
are  both  Anatomico-Physiological,  and  Psychological.  Under  the  former 
head  rank  the  colour  of  the  Skin,  the  texture  of  the  Hair,  and  the  con- 
formation of  the  bony  Skeleton,  especially  the  Skull.  The  latter  consist 
in  the  superiority^  claimed  for  some  races  over  others,  in  Intellectual 
power,  and  in  Moral  and  Religious  capacity.  The  former  group  will  be 
the  one  first  considered. 

822.  The  Colour  of  the  skin  exists  in  the  Epidermis  only ;  and  it 
depends  upon  the  admixture  of  pigment-cells  with  the  ordinary  epidermic 
cells ;  all  the  varied  hues  presented  by  the  different  races  of  men  being 
due  to  the  relative  amount  of  these  cells,  and  to  the  particular  tint  of  the 
pigment  which  they  form.  It  would  be  easy,  by  selecting  well-marked 
specimens  of  each  race,  to  make  it  appear  that  colour  affords  a  character 
sufficiently  distinctive  for  their  separation ;  thus,  for  example,  the  fair  and 
ruddy  Saxon,  the  jet-black  Negro,  the  olive  Mongolian,  and  the  copper- 
coloured  North  American,  might  be  considered  to  be  positively  separated 
from  each  other  by  this  character, — propagated,  as  it  seems  to  be,  with 
little  or  no  perceptible  change,  from  generation  to  generation.  But 
although  such  might  appear  to  be  the  clear  and  obvious  result  of  a  com- 
parison of  this  kind,  yet  a  more  careful  and  comprehensive  survey  tends 
to  break-down  the  barrier  that  would  be  thus  established.  For,  on 
tracing  this  character  through  the  entire  family  of  Man,  we  find  the 
isolated  specimens  just  noticed  to  be  connected  by  such  a  series  of  links, 
and  the  transition  from  one  to  the  other  to  be  so  very  gradual,  that  it  is 
impossible  to  say  where  the  lines  are  to  be  drawn  between  them.  There  is 
nothing  here,  then,  which  at  aU  approaches  to  those  fixed  and  definite 
marks,  that  are  always  held  to  be  requisite  for  the  establishment  of 
specific  distinctions  among  other  tribes  of  animals. 

823.  But  fiu*ther,  there  is  abundant  evidence  that  these  distinctions  are 
far  from  being  constantly  maintained,  even  in  any  one  race.  For  among 
all  the  principal  subdivisions,  albinoisin,  or  the  absence  of  pigment-cells, 
occasionally  presents  itself;  so  that  the  fair  skin  of  the  European  may 
present  itself  in  the  offspring  of  the  Negro  or  of  the  Red  Man.*     On  the 

to  bis  own  Article  on  the  '  Yarieties  of  the  Human  Species/  in  the  ''Cyclop,  of  Anat. 
and  Phys.,"  vol.  iv. — See  also  Dr.  R.  G.  Latham's  **  Natural  History  of  the  Varieties  of 
Man  ;"  and  bin  shorter  Essay  on  the  'Varieties  of  the  Human  Species,'  in  Orr s  "  Circle 
of  the  Sciences,"  vol.  i. 

*  A  very  curious  example  of  change  of  colour  in  a  Negro  has  been  recently  recorded 
on  unquestionable  authority. — The  subject  of  it  is  a  negro  slave  in  Kentucky,  nt.  45, 
who  was  bom  of  black  parents,  and  was  himself  perfectly  black  until  12  years  of  age. 
At  that  time  a  portion  of  the  skin,  an  inch  wide,  encircling  the  cranium  just  within  the 
edge  of  the  hair,  gradually  changed  to  white ;  also  the  hair  occupying  that  locality.  A 
white  spot  next  appeared  near  the  inner  canthus  of  the  left  eye ;  and  from  this  the  white 
colour  gradually  extended  over  the  face,  trunk,  and  extremities,  until  it  covered  the 
entire  surface.  The  complete  change  from  black  to  white  occupied  about  ten  years ;  and 
but  for  his  hair,  which  was  crisped  or  woolly,  no  one  would  have  supposed  at  this  time 
that  his  progenitors  had  offered  any  of  the  characteristics  of  the  Negro,  his  skin  pre- 
senting the  healthy  vascular  appearance  of  that  of  a  fair-compUxioned  European.  When 
he  was  about  22  years  of  age,  however,  dark  copper-coloured  or  brown  spots  began  to 
appear  on  the  face  and  hands  ;  but  these  have  remained  limited  to  the  portions  of  the 
surface  exposed  to  light.  About  the  time  that  the  black  colour  of  his  skin  began  to  dis- 
appear, he  completely  lost  his  sense  of  smell  (§  594,  note) ;  and  since  he  has  become 
white,  he  has  had  measles  and  hooping-cough  a  second  time.     (See  Dr.  Hutchinson's 
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Other  Imiiil,  iiistaiices  are  bj  no  means  rare  of  die  unusual  defrdc»panfQt 
of  pigineiit-celU  in  iiidivi duals  of  the  ikir- skinned  i&ces ;  bo  ihmt  putt  *>f 
the  body  are  of  a  dark  red  or  brovm  hue,  or  are  even  quite  black.  8i2C& 
mod ifi cations  may  seem  of  little  importance  to  the  argument ;  since  tliey 
are  confined  to  individual?,  and  may  be  put  aside  as  accidi*?iUiL  But  them 
18  ample  evidence  that  analogous  changes  may  take  place  in  the  ooutbb  d 
time,  which  tend  to  produce  a  ^eat  variety  of  shades  of  colour,  m  ibe 
deecendanta  of  any  one  stock.  Thus,  in  the  great  Indo- European  &mUj 
(jmrtof  the  Cattcamiu  race  of  Bhmxenbach)^  which  may  be  unqueetlonAljlj 
regarded  as  having  had  a  common  ori|:nn*  we  find  tribes  with  lair  own* 
plexion^  yellow  hair,  and  blue  eyes, — others  presenting  the  ^cAnthotts  or 
oUve  hue-j — ^and  othere  decidedly  black.  A  similar  diversity  nmy  be  mm 
among  the  American  races,  which  are  equally  referable  to  one  oammw 
stock  ;  and  it  exista  to  nearly  the  same  extent  imiong  the  Afirican  haUoqIi 
which  ajipear  to  be  similarly  related  to  each  other.  It  may  b©  httfy 
adiiiitt^l  that,  among  European  colonists  settled  iu  hot  climates,  such 
changes  do  not  present  themselves  withm  a  few  generations ;  but  in  many 
well-known  instjmces  of  earlier  colonization,  they  are  very  cleairly  mutt- 
feated.  Thus  the  wide  dispersion  of  the  Jewish  nation,  ami  dieir  remark- 
able  isolation  (maintained  by  llicir  religious  obser\-anoea)  iVoiu  the  peopk 
among  whom  they  live,  render  them  peculiarly  appropriate  subjecta  hi 
such  observations ;  atid  we  accordingly  find  that  the  bnmette  compleKm 
and  dark  hair,  which  are  usually  re^rded  as  characteristic  of  tliai  met, 
are  frefinently  siipeTseded,  in  the  Jews  of  NortJicni  Europe,  by  Md  or 
brown  liair  and  Jiilr  complexion ;  whilst  the  Jews  who  setded  in  Inda 
some  centuries  ago,  have  become  as  dark  as  the  liindooe  around  ffa^n, 

824*  The  refation  of  the  complexions  of  tliC  different  Hdc^  of  Mm- 
kind  to  the  climates  they  respectively  inliabit,  which  is  estatblished  by  i 
extended  ccfm|uirative  survey  of  both,  l^wis  to  the  g^noTMl  oonc'  ^ 
that  the  intertropical  region  of  the  earth  is  the  principal  seat  i 
darkest  races,  wliilst  the  region  remote  from  the  tropica  is  tlytt  i 
fairer  races ;  and  that  the  climatea  approaching  the  tropica  ar«  gea* 
inhabited  by  nations  which  are  of  an  intermediate  complexion. 
important  to  observe,  however,  that  no  reguhir  gradation  of  tint  caa  bt 
observed  in  passing  from  the  equatorial  to  the  polar  regions,  M*  Paal 
Broca*  has  jjarticularly  pointed- out  that  the  Esquimaux  of  GreeniaDdp 
the  Lapps  and  Finns  of  Europe,  and  the  8amoyedes  and  Kanisdiatkaaa  of 
Asia,  all  of  them  nations  inhabiting  the  moat  northern  regions  of  iIm 
habital>le  globe,  present  a  deep  olive  complexion,  dark  etraight  hair^  ax^ 
dark  eyes ;  being  considerably  deeper  in  hue  tlian  the  CKlneae,  Bi3 
Cochin*Chin6eef  and  Malays,  although  these  are  situated  eo  mudi 
the  equator,  ftn*l  are  exposed  to  the  rays  of  a  far  fiercer  sun,  Tb©  l_ 
conclusion  is  forced  uj>onus  by  a  survey  of  the  various  nations  tnb»beij 
die  western  sliores  of  America ;  for  if  we  trdce  them  in  suceeastou  0 
Behriug's  Straits  to  Patagonia,  we  shall  ind  that  under  the  same  ktit 

amount  ortliii  eiie,  in  the  ^'Anier.  Jonra.  of  Med,  Sci.,"  Jan.  1852.— A  ca^  otpu%M 
d[nppeftr«Dc«  of  the  blnck  cahmv  of  the  Nci;rro'ii  ^kln  wtA  brought  bj  Dr,  Ihbab  Mm« 
tlie  Zoolc^ieal  ieotioa  of  the  British  ABSoeintion  at  Liverpool,  Sept.  1801, 

•  In  his  pafier  'On  HjfWiditj,'  in  M,  Bio»-i*-8*quftrtl'*  ''Jonmal  de  U  PHfctDlocM" 
fur  l^f»8,  p.  463.  8ee  fr^r  tnaiiy  analn^ouji  itifitani^  J,  Cranfiird,  In  the  "TraniMfiliwii 
wf  ihe  Eihuobgical  Society,"  voL  i.  \k  *d&4. 
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as  Norway  there  dwells  a  race  whose  colour  is  yellowish-brown,  mixed 
with  red ;  under  that  of  England  a  perfectly  white  race  (Vancouver's 
Islanders),  under  that  of  France  a  red  race  (Oregon),  under  that  of  Spain 
and  Algeria  a  black  race  (California).  From  thence  as  far  as  the 
equator,  under  the  same  latitude  as  Guinea  and  Soudan,  are  races  of  a 
merely  brown  tint,  much  lighter  than  the  inhabitants  of  those  regions. 
Lastly,  the  races  which  occupy  the  littoral  region  extending  from  the 
equator  to  Terra  del  Fuego,  present  a  brown  tint,  becoming  lighter  as  the 
colder  regions  are  approximated ;  but  are  suddenly  succeeded,  imder  the 
rigorous  climate  of  Patagonia,  by  one  or  more  blackish  or  altogether 
black  races.  To  these  observations  it  may  be  added,  that  high  mountains, 
and  countries  of  great  elevation,  are  generally  inhabited  by  people  of  a 
lighter  colour  than  are  those  of  which  the  level  is  low,  such  as  swampy  or 
sandy  plains  upon  the  sea-coast.  These  distinctions  are  particularly  well 
seen  in  Africa,  where  the  tropics  almost  exactly  mark-out  the  limits  of 
the  black  complexion  of  the  inhabitants ;  and  where  the  deepest  hue  is  to 
be  seen  among  the  Negroes  of  the  Guinea  Coast,  whose  residence  imites 
both  the  conditions  just  mentioned,  whilst  the  mountainous  regions  in 
their  immediate  vicinity  are  inhabited  by  tribes  of  a  much  lighter  aspect. 
825.  The  nature  of  the  Hair  is,  perhaps,  one  of  the  most  permanent 
characteristics  of  different  races.  In  regard  to  its  colour  the  same  state- 
ments apply  as  those  just  made  with  respect  to  the  colour  of  the  skin ; 
the  variety  of  hue  being  given  by  pigment-cells,  which  may  be  more  or 
less  developed  under  difEerent  circumstances.  But  it  has  been  thought 
that  its  texture  affords  a  more  valid  ground  of  distinction ;  and  it  is  com- 
monly said  that  the  substance  which  grows  on  the  head  of  the  African 
races,  and  of  some  other  dark-coloured  tribes  (chiefly  inhabiting  tropical 
climates),  is  wool  and  not  hair.  This,  however,  is  altogether  a  mistake ; 
for  microscopic  examination  clearly  demonstrates  that  the  hair  of  the 
Negro  has  exactly  the  same  structure  with  that  of  the  European ;  and 
that  it  does  not  bear  any  resemblance  to  wool,  save  in  its  crispness  and 
tendency  to  curl.  Moreover,  even  this  character  is  far  from  being  a 
constant  one ;  for,  whilst  Europeans  are  not  unfrequently  to  be  met  with, 
whose  hair  is  nearly  as  crisp  as  that  of  the  N^o,  there  is  a  great  variety 
amongst  the  Negro  races  themselves,  which  present  every  gradation  from 
a  completely-crisp  (or  what  is  termed  woolly)  hair,  to  merely  curled  or 
even  flowing  locks.*  A  similar  observation  holds-good  in  regard  to  the 
natives  of  the  islands  of  the  great  Southern  Ocean,  where  some  individuals 
possess  crisp  hair,  whilst  others  of  the  same  race  have  it  merely  curled. 
— It  is  evident,  then,  that  no  characters  can  be  drawn  from  the  colour  or 
texture  of  the  hair  in  Man,  sufficiently  fixed  and  definite  to  serve  for  the 
distinction  of  races ;  and  this  view  is  borne-out  by  the  evident  influence 
of  climate  in  producing  changes  in  the  hairy  covering  of  almost  every 
race  of  domestic  animals ;  such  changes  often  manifesting  themselves  in 
the  very  individuals  that  have  been  transported  from  one  country  to 
another,  and  yet  more  distinctly  in  succeeding  generations. 

*  It  is  a  very  common  mistake,  especially  in  the  United  States,  to  consider  Negro  as 
synonymous  with  African,  So  &r  is  this  from  being  the  fact,  that^  as  Dr.  Latham  justly 
remarks,  "  the  true  Negro  area,  the  area  occupied  by  men  of  the  black  skin,  thick  lips, 
and  woolly  hair,  is  exceedingly  small ;  as  small  in  proportion  to  the  rest  of  the  continent, 
as  the  area  of  the  district  of  the  stunted  Hyperboreans  is  in  Asia,  or  that  of  the  Lapps 
in  Europe."     (See  §§  844,  846.) 
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826.  It  has  been  snpposeci  tbat  rarietiea  in  the  configiiratlofi  of  thi^ 
Skeleton  would  afford  characters  for  the  separation  of  the  Htiraan  races, 
more  fixed  and  definite  than  those  derived  from  diflerencee  in  ilie  ibrrn, 
colour,  or  fcextiiro  of  the  so  A;  parts  which  clothe  it :  and  attention  bai 
been  particularly  directed  to  the  skull  and  the  pelvis ,  as  affording  Bueli 
characters.  It  Las  been  generallj  laid-down  aa  a  fxindamental  principle^ 
that  all  those  nations  which  are  found  to  resemble  eaxi-h  other  in  Uie 
shape  of  Uieir  heads,  must  needs  be  more  nearly  relates!  to  each  olIiCTt 
tlian  they  are  to  tribes  of  Men  which  differ  from  them  in  this  particular. 
But  if  this  principle  be  rigorously  cAnied-ontr  it  will  tend  to  brifig 
together  races  which  inhabit  parts  of  the  globe  very  remote  frowi  CAcb 
others  and  which  have  no  other  mark  of  affinity  whatever ;  whilst,  ou  the 
other  hand^  it  will  often  tend  to  separate  races  which  every  other  ebantcter 
would  lead  us  to  bring  together.  It  is  to  be  remembered,  moreover,  thai 
the  varieties  in  the  conformation  of  the  skeletoji,  presented  by  the  breeds 
of  doraesticated  animals^  are  at  least  equal  to  those  which  are  nmnifest^ 
in  the  confomiation  and  colour  of  their  soft  parts ;  and  we  might  reason- 
ably  expect,  therefore,  to  meet  with  similar  variations  among  the  Humim 
races.  It  is  probable,  however,  Uiat  climate  has  not  so  much  influence 
in  producing  such  changes  in  the  configuratioa  of  the  body,  as  the  peculiar 
habits  and  mode  of  life  of  the  different  races ;  and  Dr.  Prichjird  baa 
pointed^ut  a  rery  remarkable  relation  of  this  kind,  in  regard  to  tlie  tlirei 
principal  t^^pea  of  form  presented  by  the  Skull. 

827.  Among  the  rudest  tribes  of  Men,  hunters  and  savage  inhnbitaAla 
of  forests,  de]3endeiit  fcir  their  supply  of  food  on  the  accidental  produce  of 
the  soil  or  o;i  the  chase, — among  whom  arc  the  most  degraded  of  the 
African  nations,  and  the  Australian  saragest — a  form  of  head  is  prevaleoi, 
which  is  most  aptly  distinguished  by  the  term  prog/mthoit^i,  indjcatmg  • 
prolongation  or  forward- extension  of  the  Jaws  (Fig*  208)*     Tbia  »  '  ™ 


Pto,  2Q8, 


PmOle  and  b^iinl  f  iew«  of  the  JVi^nofiofrjr  Sh(ti  ^f « tl«4FT«. 

is  most  strongly  marked  in  the  Negroes  of  the  Gold  Coast,  whoae  ikulk 
are  usually  so  formed  as  to  give  the  idea  of  lateral  compression «  The 
t'9mporal  miim:les  have  a  great  extent,  rising  high  on  the  parietal  bon^i 
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the  cheek-bones  project  forward,  and  not  outward;  the  upper  jaw  is 
lengthened  and  projects  forwards,  giving  a  similar  projection  to  the 
alveolar  ridge  and  to  the  teeth ;  and  the  lower  jaw  has  somewhat  of  the 
same  oblique  projection,  so  that  the  upper  and  lower  incisor  teeth  are  set 
at  an  obtuse  angle  to  each  other,  instead  of  being  nearly  in  parallel 
planes  as  in  the  European.  From  the  shape  of  the  upper  jaw  alone 
would  result  a  marked  diminution  in  the  facial  angle,  measured  accord- 
ing to  the  method  of  Camper ;  but  this  diminution  is  far  from  being  suffi- 
cient to  approximate  the  Ethiopian  races  to  the  higher  Apes,  as  some 
have  supposed  it  to  be  (§  24).  Independently  of  the  diminution  of  the 
facial  angle  resulting  from  liie  projection  of  the  upper  jaw,  it  is  quite 
certain  that  in  the  typical  prognathous  skull  there  is  a  want  of  elevation 
of  the  forehead ;  but  it  does  not  appear  that  there  is  a  corresponding 
diminution  in  the  capacity  of  the  cranial  cavity,  the  retreating  form  of 
the  forehead  being  partly  due  to  the  general  elongation  of  the  skull  in 
the  antero-posterior  direction.  Nor  is  it  true,  as  stated  by  some,  that 
the  position  of  the  foramen  magnum  in  the  Negro  is  decidedly  behind 
that  which  it  holds  in  the  European,  in  this  respect  approaching  that  of 
the  Apes  (§  21)  ;  since,  if  due  allowance  be  made  for  the  projection  of  the 
upper  jaw,  this  aperture  is  found  to  have  the  same  position  in  the  prog- 
nathous skull  as  in  the  oval  one,  namely,  exactly  behind  the  transverse 
line  bisecting  the  antero-posterior  diameter  of  the  base  of  the  cranium. 
The  prognathous  skull  is  further  remarkable  for  the  large  development  of 
the  parts  connected  with  the  organs  of  sense,  especially  those  of  smell  and 
hearing.  The  aperture  of  the  nostrils  is  very  wide,  and  the  internal  space 
allowed  for  the  distribution  of  the  olfactory  nerve  is  much  larger  than 
in  most  European  heads ;  the  posterior  openings  of  the  nasal  cavity  are  not 
less  remarkable  for  their  width,  than  the  anterior.  The  external  auditory 
meatus  is  also  peculiarly  wide  and  spacious ;  and  the  orbital  cavities  have 
been  thought  to  be  of  more  than  ordinary  capacity, — but  this  last  is  by  no 
means  a  constant  character. 

828.  A  second  type  of  cranial  conformation,  very  different  from  the 
preceding,  belongs  principally  to  the  Nomadic  races  which  wander  with 
their  herds  and  flocks  over  vast  plains ;  and  to  the  tribes  which  creep  along 
the  shores  of  the  Icy  Sea,  and  live  partly  by  fishing  and  in  part  on  the 
flesh  of  their  reindeer.  This  form,  designated  by  Dr.  Prichard  as  the 
pyramidal  (Fig.  209),  is  typically  exhibited  by  various  nations  of  Northern 
and  Central  Asia ;  and  is  seen  in  an  exaggerated  degree  in  the  Esquimaux. 
Its  most  striking  character  is  the  lateral  or  outward  projection  of  the 
zygoma,  which  is  due  to  the  form  of  the  malar  bones.  These  do  not  pro- 
ject forwards  and  downwards  imder  the  eyes,  as  in  the  prognathous  skull ; 
but  take  a  lateral  or  outward  direction,  forming,  with  flie  zygomatic  pro- 
cess of  the  temporal  bone,  a  large  rounded  sweep  or  segment  of  a  circle. 
From  this,  in  connection  with  the  narrowness  of  the  forehead,  it  results 
that  lines  drawn  from  the  zygomatic  arches,  touching  the  temples  on  either 
side,  instead  of  being  parallel  (as  in  Europeans),  meet  over  the  forehead, 
so  as  to  form  with  the  basis  a  triangular  figure.  The  upper  part  of  the 
&ce  being  remarkably  flat,  the  nose  also  being  flat,  and  the  nasal  bones, 
as  well  as  the  space  between  the  eyebrows,  being  nearly  on  the  same  plane 
with  the  cheek-bones,  the  triangular  space  bounded  by  these  lines  may 
be  compared  to  one  of  the  faces  of  a  pyramid.     The  orbits  are  large  and 
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deep ;  aiid  tbe  peculiar  conformation  of  the  bones  which  Bturound  it,  \ 
to  Ae  aperture  of  the  lids  an  appearance  of  obliqaitj, — Ute  inoer 
seeming  to  be  directed  downwEffda.     The  whole  face,  instead  of  pr 
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an  oval  form,  as  in  most  Eiiropeana  and  Africans,  la  of  a  loxenge-slyipiL 
The  grater  retati%*e  development  of  the  zygomatic  bones,  and  of  tbe 
bonea  of  the  face  altogether^  when  compared  with  the  capncit^  of  tbe 
cranium,  inrlicates  in  the  pyramidal  ekuU  a  more  ample  exteo^on  of  tiie 
organs  subservient  to  sensation  ;  the  same  effect  being  tlms  produced  by 
lateral  expansion,  as  by  the  forward  extension  of  the  facial  bones  in  the 
prognathona  aknllg. 

829.  The  most  civili2ed  racea^ — ^those  which  live  by  agricnltUTe  sml 
the  arts  of  ctdtivated  life, — all  the  moat  intellectnally-improved  nations  iff 

Europe  and  Asia, — laare  a 
Fig,  aiO,  of  the  head  wliich   differs 

both  the  preceding,  and  i 
may  be  termed  oval  or  eiliptieaL 
Thifl  at  once  appa-ovcss  itself  aa  a 
more  symmetrical  form  ;  no  part 
having  an  excessive  prominetioe ; 
whilst,  on  the  other  hand,  thete 
is  nowhere  an  appeamnce  of 
undue  flattening  or  compre«ofi. 
The  head  is  altogether  of  a 
rounder  shape  than  in  the  other 
varieties,  and  the  fbrcihead  it 
more  expanded;  while  the  nuucO' 
lary  bones  and  the  zygomatic 
arches  are  so  formed  as  to  gm 
the  fkce  aai  oval  shape,  nearly  on 
a  plane  with  the  forehesul  and 
cheek-bones,  and  not  projectli^ 
towards   the   lower  part*      Owing  to   the  more  perpendicular  diw>e- 


Ovtil  ShtU  tif  i  Ettitrpetn. 
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tion  of  the  alveolar  processes,  the  front  teeth  are  fixed  in  planes 
which  are  nearly  or  quite  parallel  to  each  other.  The  principal 
features  in  this  fonn  of  cranium  are  thus  of  a  negative  character ;  the 
chief  positive  distinction  is  the  large  development  of  the  cranial  cavity, 
and  especially  the  fulness  and  elevation  of  the  forehead,  in  proportion  to 
the  size  of  the  face;  indicating  the  predominance  of  the  intellectual 
powers  over  those  merely  instinctive  propensities  which  are  more  directly 
connected  with  sensations.  Among  European  nations,  the  Greeks  have 
probably  displayed  the  greatest  symmetry  and  perfection  in  the  form  of 
the  head  ;  but  various  departures  may  be  traced  towards  the  preceding 
forms,  when  we  compare  the  crania  of  different  races,  and  even  of  indi- 
viduals, belonging  to  the  same  stock, — some  approaching  the  pyramidal 
form  of  the  Northern  Asiatics,  whilst  others  approximate  to  the  prognathous 
type  of  the  Negro. 

830.  The  influence  of  habits  of  life,  continued  from  generation  to 
generation,  upon  the  form  of  the  head,  is  remarkably  evinced  by  the 
transition  from  one  type  to  another,  which  may  be  observed  in  nations 
that  have  undergone  a  change  in  their  manners  and  customs,  and  have 
made  an  advance  in  civilization.  Thus,  to  mention  but  one  instance, 
the  Turks  at  present  inhabiting  the  Ottoman  and  Persian  empires,  are 
undoubtedly  descended  from  the  same  stock  with  those  nomadic  races  which 
are  still  spread  through  Central  Asia  (§  842).  The  former,  however, 
having  conquered  the  countries  which  they  now  inhabit,  eight  centuries 
since,  have  gradually  settled-down  to  the  fixed  and  regular  habits  of  the 
Indo-European  race,  and  have  made  corresponding  advances  in  civiliza- 
tion ;  whilst  the  latter  have  continued  their  wandering  mode  of  life,  and 
can  scarcely  be  said  to  have  made  any  decided  advance  during  the  same 
interval.  Now  the  long-since-civilized  Turks  have  undergone  a  complete 
transformation  into  the  likeness  of  Europeans;  whilst  their  nomadic 
relatives  retain  the  pyramidal  configuration  of  the  skull  in  a  very  marked 
degree.  Some  have  attributed  this  change  in  the  physical  structure  of  the 
Turkish  race  to  the  introduction  of  Circassian  slaves  into  the  harems  of 
the  Turks ;  but  this  could  only  affect  the  opulent  and  powerful  amongst 
the  race ;  and  the  great  mass  of  the  Turkish  population  have  always  in- 
termarried among  themselves.  The  difference  of  religion  and  manners 
must  have  kept  them  separate  from  those  Greeks  whom  they  subdued  in 
the  new  Ottoman  countries ;  as  in  Persia,  the  Tajiks,  or  real  Persians, 
stiU  remain  quite  distinct  from  their  Turkiish  rulers,  belonging  to  a  dif- 
ferent sect  among  the  Mussulmans,  and  commonly  living  apart  from  them. 
— In  like  manner,  even  the  Negro  head  and  face  may  become  assimi- 
lated to  the  European,  by  long  subjection  to  similar  influences ;  thus, 
in  some  of  our  older  West  Indian  Colonies,  it  is  not  uncommon  to  meet 
with  Negroes,  the  descendants  of  those  first  introduced  there,  who  ex- 
hibit a  very  European  physiognomy ;  and  it  has  even  been  asserted  that 
a  Negro  belonging  to  the  Dutch  portion  of  Guiana  may  be  distinguished 
from  another  belonging  to  the  British  settlements,  by  the  similarity 
of  the  features  and  expression  of  each  to  those  which  respectively 
characterize  his  masters.  The  effect  could  not  be  here  produced  by  the 
intermixture  of  bloods,  since  this  would  be  made  apparent  by  alteration 
of  coloiu:. — But  not  only  may  the  pyramidal  and  prognathous  types  be 
elevated  towards  the  elliptical ;  the  elliptical  may  be  degraded  towards 
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either  of  these.  Want,  aqualor,  and  ignorancej  liare  a  special  tendency  ts> 
induce  tlmt  dimiiiiUion  of  tlie  cranial  portion  of  the  iJ^ull^  and  titit  »- 
crease  of  the  facial,  which  characterise  the  prognatlious  type ;  as  cmmn^ 
hut  be  observed  by  any  one  who  takes  an  accurate  and  candid  marm  of 
the  condition  of  the  most  degraded  i>art  of  the  population  of  the  pwH 
towns  of  this  country,  but  aa  is  seen  to  be  pre-eminent Ij  the  cise  wiik 
r^ard  to  the  lowest  classes  of  Irish  immigrants.*  A  certain  de^^ee  of  re- 
trogression to  the  pyramidal  type,  is  also  lo  be  noticed  amoti^  the  nomsciif 
tribes  -which  are  to  be  found  in  every  civilized  commimitj.  Among  thcfc, 
as  has  been  remarked  by  a  very  acute  observeT.f  **  According  ms  ih*y 
partake  more  or  leita  of  the  pin-ely  va^bond  nature,  doing  no  tiling  wbai- 
soever  for  their  livings  but  moving  from  plac^  to  place,  prejing  on  tit* 
earnings  of  die  more  indAtMrious  portion  of  the  couunitnity,  bo  will  di^ 
attributes  of  the  nomade  races  be  found  more  or  le^s  miirketi  in  ih^m ;  snd 
they  are  aU  more  or  less  distinguished  for  their  high  cheek *bone«  aad  pr^ 
truding  jaws;*'  thiis  showing  that  kind  of  mixture  of  the  pjnunidaJ  wiifc 
the  prognathous  tyi>e,  which  is  to  be  seen  among  the  lowest  of  the  Inditt 
and  MsJajo-PoljTiesian  race. 

831.  Nejct  to  the  characters  derived  Irom  the  form  of  tb©  head,  tluMt 
which  are  founded  upon  tlie  form  of  the  ptlvie  seem  entitled  to  raaL 
These  have  been  particularly  e.\amined  by  Professors  Vrolik  and  Weber, 
The  former  was  led  by  Hs  examinations  of  tins  |>art  of  the  skekson^ 
to  cxDnsider  that  the  pelvis  of  tlie  N^esa,  and  still  more  that  of  die 
female  Hottentot,  ttpproxiniates  to  that  of  the  Simian  in  m  fomnt 
configiuration ;  especially  in  its  lengtli  and  tinrrownesa, — the  iliac  bancs 
having  a  more  vertical  position,  so  that  the  anterior  spines  approecli  oott 
another  much  more  closely  than  they  do  in  the  Europetaii^  and  ihti 
sacrum  also  being  longer  and  narrower.  On  the  other  hand^  Prof.  WcbtfJ 
concludes,  from  a  more  comprehensive  survey ,  that  no  particular  Bigutt 
is  a  permanent  diaracteristic  of  any  one  race.  He  groups  tJie  pnn^|i>i 
varieti<^  which  he  has  met- with,  according  to  die  form  of  tlie  nmr 
opening,  into  oval,  round,  four-sided,  and  wedge-shaped.  The  ml 
of  these  U  most  iret|uent  in  the  European  races;  tlie  siBcond,  aRmnf 
the  American  races;  the  third,  moit  common  among  the  Motigoliaa 
nations,  corresponds  remarkably  witli  their  form  of  head  ;  wliilM  th« 
last  chiefly  occurs  among  tlie  races  of  AJri^^a,  and  is  In  like  huuumt 
conformable  with  the  oblong  compxeased  form  usually  presented  hj  ikm 
cranium.  But  although  ^ere  are  particular  shapes  which  are  ommI 
prevalent  in  each  race,  yet  there  are  numerous  individual  doriatioiitt,  of 
such  a  nature  that  every  variety  of  form  presents  itself  ooca^ioEiallT  m 
any  given  race. 

832,  Other  variations  have  been  obser^-ed  by  anatomist^  betwecfti  iht 
different  races  of  Mankind,  in  the  relative  lengtli  of  the  bones,  and  la 
the  shape  of  the  limbs ;  but  these  also  seem  to  have  reference  to  tbt 
degree  of  civilization,  and  to  tlie  regularity  of  the  supply  of  "whol^sfoiBf 
nutriment.  It  is  generally  to  be  observed  that  the  races  least  improv^i 
by  civilization,   like  the  uncultivated  In-eeds  of  animals^  haTe     ' 

*  See  th*  **  Doblin  Vnivtsnhy  Ma^wDe,"  No.  xhilL 
t  Mr,  Henry  Mftjhew,  in  *'  Loailon  Labour  iind  the  London  Tc^or,"  p.  2, 
t  '*  Die  Lehre  tgii  den  Ur^  nnd  Eaccufonaea  der  Bchftedel  and  Beekea  des  M« 
Dauddorf,  ISSO, 
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lean,  and  elongated  limbs ;  this  may  be  especially  remarked  in  the  natives 
of  Australia.  In  nearly  aU  the  less  civilized  races  of  Men,  the  limbs 
are  more  crooked  and  badly-formed  than  the  average  of  those  of  Euro- 
peans ;  and  this  is  particularly  the  case  in  the  Negro,  the  bones  of  whose 
legs  bow  outwards,  and  whose  feet  are  remarkably  flat.  It  has  been 
generally  believed  that  the  length  of  the  fore-arm  in  the  Negro  is  so 
much  greater  than  in  the  European,  as  to  constitute  a  real  character  of 
approximation  to  the  Apes.  The  difference,  however,  is  in  reality  ex- 
tremely slight ;  and  is  not  at  all  comparable  with  that  which  exists 
between  the  most  uncultivated  races  of  Men  and  the  highest  Apes 
(§  27).  And  in  regard  to  all  the  peculiarities  here  alluded-to,  it  is  to 
be  observed  that  they  can  only  be  discovered  by  the  comparison  of  large 
numbers  of  one  race  with  corresponding  numbers  of  another ;  for  indi- 
viduals are  found  in  every  tribe,  possessing  the  characters  which  dis- 
tinguish the  majority  of  the  other  race.  Such  peculiarities,  therefore, 
are  totally  useless  as  the  foundation  of  specific  characters ;  being  simply 
variations  from  the  ordinary  type,  resulting  from  causes  which  might 
affect  the  entire  race,  as  well  as  individuals. — The  connection  between 
the  general  form  of  the  body,  on  the  one  hand,  and  the  degree  of  civili- 
zation (involving  the  regular  supply  of  nutriment)  on  the  other,  is  made 
apparent,  not  merely  by  the  improvement  which  we  perceive  in  the 
form,  development,  and  vigour  of  the  frame,  as  we  advance  from  the 
lowest  to  the  most  cultivated  of  the  Human  races;  but  also  by  the 
degradation  that  is  occasionally  to  be  met -with  in  particular  groups  of 
the  higher  tribes,  which  have  been  subjected  for  several  generations  to 
the  influence  of  depressing  causes.  Of  such  degradation,  occurring  under 
circumstances  that  permit  its  successive  steps  to  be  traced,  we  have  a 
remarkable  example  in  the  conversion  of  certain  tribes  of  the  Hottentot 
race  into  Bushmen  (§  847) ;  and  there  is  very  strong  ground  for  the 
belief  that  similar  influences  have  operated  at  a  more  remote  period,  in 
the  production  of  the  peculiar  characters  of  the  Guinea-coast  N^roes 
and  Australian  Bushmen. 

833.  Independently,  however,  of  the  obvious  modifying  influence  of 
external  circiunstances,  much  allowance  must  be  made  for  that  tendency 
to  variation,  which  presents  itself,  more  or  less,  in  all  those  races  of 
animals,  which  possess  such  a  constitutional  capability  of  adaptation  to 
changes  in  climate,  habits  of  life,  &c.,  as  enables  them  to  live  and 
flourish  under  a  variety  of  conditions.  Thus  we  find  that  the  offspring 
of  any  one  pair  of  domesticated  animals  do  not  all  precisely  agree  among 
themselves,  or  with  their  parents,  either  in  bodily  conformation,  or  in 
psychical  character ;  but  that  individual  differences,  as  they  are  termed, 
exist  among  them.  Now,  as  this  tendency  to  variation  cannot  be  clearly 
traced  to  any  influence  of  external  circumstances,  it  is  commonly  dis- 
tinguished by  the  term  *  spontaneous;'  but  as  there  is  no  effect  without 
a  cause,  and  as  the  widest  differences  of  this  kind  present  themselves 
in  those  races  which  are  most  obviously  amenable  to  the  influence  of 
external  conditions,  we  seem  justified  in  attributing  them  to  agencies 
operating  unostensibly  upon  the  parents,  either  previously  to  their  in- 
tercourse, or  at  the  time  of  coition  (§  758),  or  in  the  female  during  the 
period  of  utero-gestation  (§  761).  The  difference  between  wild  and 
domesticated  animals  in  regard  to  colour  affords  a  very  good  illustration 
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of  this  general  fiict;   ibr  the  uniformity  among  the   former   is  no 
reraarkabJe  than  the  want  of  coaataiicy  smotig  the  latter ;   and  w 
variety  of  colour  soon  giveS' place  to  unilbrtnitj,  when  domestioated  nwara 
return  in  m%y  considerable  d^ee  towards  their  priniitive  state,*  it  rerj, 
ipeedily  developer  itself  in  races  which  are  imdet^oiiig   the  con^ 

|lT0CeS8.f 

884.  Now  it  IB  by  taking  adyantag^  of  those  *  ^x»Dtaneoiii' 
tures  from  the  ordinary  t>'[]e,  which  presait  faatur^s  of  value  lo  tha 
breedeTB  of  doniei^t] edited  aninia^  that  new  races  are  developed  ^m  tiliM 
to  time  among  these;  any  strongly-marked  peculiarity  which  tln» 
appears  in  only  a  mngle  individual,  being  usiuilly  transmitted  to  fioui* 
of  its  ofispring,  and  being  almost  certainly  perpetuated  when  hoth  ys^isnu 
are  diBtinguiehed  by  it,  as  happens  when  the  products  of  the  firsi  pw* 
creation  become  capable  of  breeding  witli  each  other.J^ — ^Now  there  can 
be  no  hesitation  iti  adniitting,  that  the  tendency  to  the  ao-called  *  ^wn* 
taneous'  variation  prevaila  in  the  Human  race  to  a  greater  degree  tlafl 
in  any  otlier ;  since  we  find  most  remarkable  divenitiea  in  ft 
complexion,  hair,  and  general  conformation,  among  the  ofispring  c 
same  parentage ;  whilst  more  special  modi£catioiia  of  the  ordinary 
such  as  the  poaseasion^  of  six  fingers  on  each  hand  and  of  mx  Xmxa  <5B 
foot,  are  of  no  tin  frequent  occurrence*  Under  ordinary  cirenmstasoei^ 
these  modifications  tend  to  disappear  as  often  as  they  occur ;  the  fre* 
interraixture  of  those  men>bers  of  the  race  which  possess  iheiti,  willi 
those  which  depart  less  from  tlic  ordinary  type,  tending  to  merge  ttwB 
in  the  general  average.  But  there  can  be  no  reasonable  doubt  that  if 
the  same  kind  of  segregation  were  practiced  among  Mankind^  wliich  o 
adopted  by  the  lireeders  of  animals  for  the  purpose  of  p€rp6loaUiig  • 
particukr  variety, — if,  for  example,  the  members  of  a  six~fitig«rad  fiuniJt 
were  to  intermarry  exclusively  with  one  another,-^any  sodi  wwn0y 
would  be  permanently  established  as  a  new  race.  Now  if  It  be  '^  — 
in  mind  that  the  infiuence  of  a  scanty  popukiion,  in  the  earl 
the  Human  race,  by  isolating  differetit  families  from  ea^  oi 
causing  intermarriages  among  even  the  uearest  relatlvea,  would  Ini9 
been  precisely  the  same  with  that  wliich  is  now  exercised  by  ^ 
breeders  of  auLmalSf  we  see  one  reason   why  the  varieties  which  tAtfn 


rljagwof 
i>Ut«rf  and 


*  This  Itftfl  beea  eapecuillj  notaoed  ia  tho  dpgp,  hcndi,  c&itl«,  ^acp,  and  liogi^  btf*^ 
duced  hj  tb«  S|iiiLui]«rdj  inta  Suutb  Atn^rtca. 

t  Thufl  Mr,  T.  Bell  laformH  as  (*'  Britiah  Qiia^lrupedfl/  2od  adit.,  p.  20$),  tkil  tt 
Apstrali&a  biti^b,  or  dingey  jr  the  Zoological  Gardena,  hft*i  a  Utter  of  piippi«a^  tJi«  i 
of  whidi  WM  rIw  cI  tb«t  breed  ;  Wth  pivreuts  had  been  Uken  m  ihe  wild  i 
were  of  the  miifonii  rflddbb  browa  colour  whjcli  belongs  to  tbe  r*e«,  and  tli«  n 
iie?flr  bred  befon ;  but  the  foiiug,  g)Q]iQrm.ted  in  coafiDeni^iit,  and  la  &  htlf  tJnnmtWMtd 
itata,  were  bJI  more  or  less  epotted. 

X  See  tbe  historj  of  the  iritroducUoti  of  the  amcon  breed  of  fihe^p,  ^hftmeterted  If  • 
pMtiluLr  conformatbii  of  iu  limbs,  ia  M&«iftehii»ett%  givea  bj  Col.  BmemoanQ  ia  Ut 
**FhiL  TnLDfl/'  for  1S13. — A  similur  oocoiint  hft«  been  more  lat«ljr  giittax  bjr  IhvL  Of 
{{u  A  Lecture  dellTored  before  the  Society  of  Arta,  Bee  10,  1851),  itftpeotui^  lb«  mm^ 
introditction  of  a  new  breed  of  Daerioo  Ahoop^  diAtioguijihefl  for  the  loaf,  mmocih^  i)lrii|fl1) 
&tid  »ilkj  ohaT&cter  of  the  wool,  mid  dov  knawn  ba  the  Matttftamp  |irt«il^-^Ia  btflfc 
itutiuiccfl,  the  breed  orlgjimied  in  tbe  tpontaoeous  appearuice  of  n  male  hutib  poWMiiiH 
thepeculiaritiee  in  qtteation  \  from  Jta  uffapnng  mch  a  Eiolectioa  ^em  miule  bj  tti>  biBrita: 
as  enabled  him  to  bring  tngeiber  males  and  females,  both  of  ^hieh  were  dlirtin|uigW 
bjr  them ;  and  in  their  progt^nj,  tlii;  jiecnliiLriti^  uniforraly  apf»mred. 
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arose  should  have  a  much  greater  tendency  to  self-perpetuation  than 
those  which  now  occasionally  present  themselves.  And  when,  too,  it 
is  borne  in  mind,  that  the  change  in  external  conditions  induced  by 
migration  would  thus  operate  not  only  upon  the  parents  but  upon 
the  offspring,  and  would  have  a  continual  influence  in  so  modifying 
the  constitution  of  the  latter  that  the  peculiarities  thus  acquired  by 
them  would  be  transmitted  in  yet  greater  intensity  to  their  progeny, 
there  is  no  real  difficulty  in  accounting,  upon  the  strictest  physiolo- 
gical principles,  for  the  widest  of  those  departures  from  one  common 
type  of  conformation,  which  we  encounter  in  our  survey  of  the  different 
Races  of  Mankind.* 

835.  Hence  we  are  led  to  conclude,  that,  so  fer  as  regards  their  Ana- 
tomical structure,  there  is  no  such  difference  among  them  as  would  justify 
to  the  Zoologist  the  assertion  of  their  distinct  origin.  But  fiirther, 
although  the  comparison  of  the  structural  characters  of  the  Human  races 
does  not  furnish  any  positive  evidence  of  their  descent  from  a  common 
stock,  it  justifies  the  assertion  that  even  if  their  stocks  ivere  originally 
distinct,  there  could  have  been  no  essential  difference  between  them ;  the 
descendants  of  any  one  such  stock  being  able  to  assume  the  characters  of 
another.  This,  as  already  remarked,  can  be  proved  by  historical  evidence 
in  regard  to  a  sufficient  number  of  tribes,  to  justify  the  same  assertion 
with  respect  to  others,  whose  languages,  customs,  habits  of  thought,  &c. 
have  an  affinity  strong  enough  to  warrant  us  in  regarding  them  as  de- 
scendants of  the  same  stock,  whilst  their  physical  conformation  is  widely 
different.  Each  principal  geographical  area,  which  is  so  isolated  from 
others  as  to  render  it  probable,  a  prion,  that  its  population  has  extended 
from  one  centre, — ^such  as  the  Continent  of  Africa,  or  America, — contains 
races  of  very  diversified  physical  characters,  whose  linguistic  affinities 
make  it  almost  certain  that  Xhej  must  have  had  a  common  descent ;  and 
thus,  in  whatever  mode  the  types  of  the  principal  varieties  are  selected, 
they  are  foimd  to  be  connected  by  so  gradual  a  series  of  intermediate  or 
transitional  forms,  that  it  is  impossible  to  draw  any  such  line  of  demarca- 
tion between  them,  as  would  be  required  by  a  soundly-judging  Naturalist 
for  the  boundary  of  distinct  species. 

836.  A  very  important  confirmation  of  this  view,  is  afforded  by  the 
essential  agreement  which  exists  among  the  different  Races  of  Mankind  in 
regard  to  their  Physiological  history ;  the  variations  which  they  present 
not  being  greater  Uian  those  which  we  meet- with  between  the  different 
individuals  of  any  one  race.  Thus,  we  not  only  find  the  average  duration 
of  life  to  be  the  same  (making  allowance  for  circumstances  which  are 
likely  to  induce  disease),  but  the  various  epochs  of  life, — such  as  the  times 
of  the  first  and  second  dentition,  the  period  of  puberty,  the  duration  of 
pregnancy,  the  intervals  of  the  catamenia,  and  the  time  of  their  final 
cessation, — present  a  marked  general  uniformity,  such  as  does  not  exist 
among  similar  epoclis  in  the  lives  of  species  that  are  nearly  allied  but  yet 

*  For  a  masterly  digest  of  the  analogical  eyidence  fnmished  by  the  changes  known  to 
have  been  thus  produced  among  domesticaied  animals,  and  of  the  modifications  which 
particular  tribes  of  Men  can  be  shown  to  have  nndergone  within  the  historic  period,  see 
Br.  Prichard's  "  Physical  History  of  Mankind,'*  and  his  '*  Natural  History  of  Man  ;**  see, 
also,  the  summary  given  by  the  Author  in  the  **  Cyclop,  of  Ani^t.  and  Physiol./*  vol.  iv. 
pp.  1801-1839. 
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unqiieatioTiiibly  distinct.  Further,  tbe  different  nicea  of  Maokiod  arc  •!! 
subject  to  the  same  diseases,  both  sporadic^  endetnic,  tuid  epidemic ;  \im 
only  exceptions  being  those  in  which  the  consiiuttion  of  a  race  h»B  ^n^^n 
tit  a  certain  set  of  inilueuoes  (as  that  of  the  Negro  to  the  miiUiria  irhkh 
generate  certain  pernicious  fevers  In  the  European),  producing  mi  here- 
ditary immunity  in  the  race,  which  is  capable  of  being  acquii>6d  b^ 
indiYiduais  of  other  races,  by  a  proceas  of  acclimntizAtioti  conuncDoel 
Biiihciently  early,* — The  most  injpoTtant  physiological  test^  howievcr^  of 
specific  imity  or  diversity,  is  that  fiirniahed  by  the  GeneratiTe  prooeai. 
It  may  be  considered  as  a  fundamental  JactT  alike  in  the  Vcgetehle  mnd 
in  the  Animal  kingdom,  that  hybrid  races  originating  in  the  aexml 
connection  of  individnale  of  two  different  species^  do  not  tend  to  self- 
perpetuation  ;  the  hybrids  being  nearly  stenJe  with  each  other,  iJthotigh 
tliey  may  propagate  witli  eitlier  of  their  parent-races,  in  wliieh  tiie  hrbrid 
race  wiiJ  soon  merge  j  whilst,  on  the  other  band,  if  the  parents  be  ihask- 
selves  varieties  of  the  some  species^  tlie  hybrid  coiistitulGs  but  mnoths 
variety,  and  its  powers  of  reproduction  are  ratlier  incTeaged  than  dimi- 
nished, so  that  it  may  continue  to  propagate  its  own  rae«,  or  timy  bo  twed 
Ibr  the  production  of  other  varieUes,  almost  ad  it{fim(itm.  It  ^iipetti 
tJjat,  among  Plants^  liybrids  originating  between  undoubtedly  diatiitcl 
sjjeciesr  sometimes  reproduce  themselves  for  two  or  diree  gt^itcTAtion&,  btit 
do  not  continue  beyond  the  foiirtii.  Amongst  aniuiiils,  tJio  liraLtts  <jf 
hybriclity  Ijet ween  parents  of  distinct  species  are  more  narrow,  aioco  ibi 
hybrid  is  totally  ujiable  to  continue  its  race  with  ooe  of  jt«  own  kiad  ;t 
and  although  it  may  propagate  with  one  of  its  pareat-sjiecies^  die  progmy 
will  of  course  approach  in  cluiracter  to  the  pure  breed,  and  the  ra^oe  w3l 
speedily  merge  into  it.  In  Animals^  as  among  Plants^  the  luixed  oS- 
springs  originating  from  different  nice^  williin  the  limits  of  the  maim 
species  generally  exceed  in  vigour,  and  in  the  tendency  to  mulfetptTf  tiie 
parent-races  from  which  they  are  produced^  so  as  to  gaiu^gi-oaxiil  upon 
the  older  "varieties,  and  gradually  to  supersede  them.  In  this  nmnsxegf 
by  the  croming  of  the  breeds  of  our  domesticated  AnimaJg,  mimy  new  aad  ' 
superior  varieties  have  been  produced.  The  general  principle  iji,  tbvsi,  fl 
that  beings  of  distinct  sptcies,  or  descendants  from  stocks  origimUly  dif-  ™ 
ferent,  cannot  produce  a  mij£ed  race  which  shall  poeiess  the  cmpabilit?  of 

*  Tbl9  Tiew  of  tbc  itDHiunitv  of  the  Negro  r&ce  ffxim  certain  forms  of  F^v^r  «ludi  lit 
viiTj  fataJ  to  European&,  in  justified,  th«  Author  beiievefl,  bj  all  the  ^icta  known  vpoayp 
Babject^     Much  may  be  set  dowHf  hji  he  is  iiaAiir«4  hj  Dr,  Dunidl,  to  tli«  beU«T  MM! 
tloQ  of  the  KiEgra  h&biti  of  life  to  their  dimate ;  and  EaropetuiB  who  exerei: 
{especmllj  ia  regard  to  the  fntictieiii  of  the  fikin),  may  preserve  &a  imixitinitj  „ 

iei^s  complete.     Dr.  D.  himself,  hating  beeii  takea  prjeouer  hf  one  of  the  Negi«    ., 

ftt  an  early  nge^  aud  haTitig  epent  two  j^ara  among  tbena,  eeemt  to  have  Irjeen  tbecxwfklf 
lecUaiKtixefl ;:  aud  hn&  &ahaei\nen\]y  paased  many  year«  oti  the  most  unhtOLllbjf  fmrit  ^ 
the  ooMi,  witjiout  experieueiug  any  serere  attaii^s  of  iUaeaa,  and  in  the  eit^fmtaA  d 
very  good  pneml  healtli. — It  la  sometimea  nnuDtaiQed  tlmt  the  Nq^  Tao« 
iuch  a  complete  eiempiiou  from  the  Yellow  FeTcr  of  the  ITnited  Btateftp  mm 
■pedfic  difference  ;  tucb,  hovc^-er,  In  not  con^rtantly  th*  i»m,  atace  K^ttken  o 
■ufTer  from  it  j  and  their  compaFulirv  immtiaity  Becms  fairly  attrihat»bl#  to  tit* 
ttouai  peculiarity  acquired  by  thtir  African  progeDitoir,  and  eapab1«  ot  " 
by  Kuropeaaa  aL^. 

t  Otje  or  tvn  inatanceii  bai'e  beeti  stated  to  occnrf  in  whieli  ■  Mnle  hna  pr^iie^  «i^ 
upritig  from  nttiun  vilh  a  similar  ariimat ;  but  thia  Ih  certaiftly  the  eitrvn^  limiii 
no  one  baa  orer  mainialurd  thiii  tbe  m€e  can  be  continued  further  Uian  the  ae^ond 
tmtlon,  vitbout  admixture  with  one  uf  tbe  parent- ip*ciei* 
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perpetuating  itself;  whilst  the  union  of  varieties  has  a  tendency  to  produce 
a  race  superior  in  energy  and  fertility  to  its  parents. — The  application  of 
this  principle  to  the  Human  races  leaves  no  doubt  with  respect  to  their 
specific  unity ;  for,  as  is  well  known,  not  only  do  all  the  races  of  Men 
breed  freely  with  each  other,  but  the  mixed  race  is  generally  superior  in 
physical  development,  and  in  tendency  to  rapid  multiplication,  to  either 
of  the  parent-stocks ;  so  that  there  is  much  reason  to  believe  that,  in 
many  coimtries,  the  mixed  race  between  the  Aborigines  and  European 
colonizers  will  ultimately  become  the  dominant  power  in  the  conmiimity. 
This  is  especially  the  case  in  India,  South  America,  and  Polynesia. 

837.  The  question  oi  Psychical  conformity  or  difference  among  the 
Races  of  Madi^ind,  is  one  which  has  a  most  direct  bearing  upon  the 
question  of  their  specific  unity  or  diversity ;  but  it  has  an  importance  of 
its  own,  even  greater  than  that  which  it  derives  firom  this  source.  For, 
as  has  been  argued  with  great  justice  and  power,*  the  real  Unity  of 
Mankind  does  not  lie  in  the  consanguinity  of  a  common  descent,  but  has 
its  basis  in  the  participation  of  every  race  in  the  same  moral  nature,  and 
in  the  community  of  moral  rights  which  hence  becomes  the  privilege  of 
all.  "  This  is  a  bond  which  every  man  feels  more  and  more,  the  farther 
he  advances  in  his  intellectual  and  moral  culture,  and  which  in  this  deve- 
lopment is  continually  placed  upon  higher  and  higher  groimd ;  so  much 
so,  that  the  physical  relation  arising  firom  a  common  descent  is  finally 
lost-sight-of,  in  the  consciousness  of  the  higher  moral  obligations."  It  is 
in  these  obligations,  that  the  moral  rights  of  men  have  their  foimdation ; 
and  thus,  "  while  Afi*icans  have  the  hearts  and  consciences  of  human 
beings,  it  could  never  be  right  to  treat  them  as  domestic  cattle  or  as  wild 
fowl,  if  it  were  ever  so  abundantly  demonstrated  that  their  race  was  but 
an  improved  species  of  ape,  and  ours  a  degenerate  kind  of  god." — The 
Psychical  comparison  of  the  various  Races  of  Mankind  is  really,  there- 
fore, in  a  practical  point  of  view,  the  most  important  part  of  the  whole 
investigation ;  but  it  has  been,  nevertheless,  the  one  most  imperfectly 
pursued,  until  the  inquiry  was  taken-up  by  Dr.  Prichard.  The  mass  of 
evidence  which  he  has  accumulated  on  this  subject,  however,  leaves  no 
reasonable  doubt  that  no  more  "  impassable  barrier"  really  exists  between 
the  difl^erent  races  with  respect  to  this,  than  in  regard  to  any  of  those  points 
of  ostensible  diversity  which  have  been  already  considered ;  the  variations 
in  the  positive  and  relative  development  of  their  respective  psychical 
powers  and  tendencies,  not  being  greater,  either  in  kind  or  degree,  than 
tliose  which  present  themselves  between  individuals  of  our  own  or  of  any 
other  race,  by  some  members  of  which  a  high  intellectual  and  moral 
standard  has  been  attained.  The  tests  by  which  we  recognize  the  claims 
of  the  outcast  and  degraded  of  our  own  or  of  any  other  *  highly-civilized ' 
community,  to  a  common  humanity,  are  the  same  as  those  by  which  we 
should  estimate  the  true  relation  of  the  Negro,  the  Bushman,  or  the 
Australian,  to  the  cultivated  European.  If,  on  the  one  hand,  we  admit 
the  influence  of  want,  ignorance,  and  neglect,  in  accounting  for  the 
debasement  of  the  savages  of  our  own  great  cities, — and  if  we  witness 
the  same  effects  occurring  under  the  same  conditions  among  the  Bush- 
men of  Southern  Africa  (§  847), — we  can  scarcely  hesitate  in  admitting, 

•  See  the  "  New  Quarterly  Review,"  No.  xv.  p.  131 ;  and  an  Article  by  Prof.  Agaasiz 
in  the  ''Christian  Examiner,"  Boston  (N.  E.),  1850. 
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tlmt  tlie  long-contiuued  opera tloti  of  tlie  lame  agendcs  hnm  had  mnch.  to 
do  wiib  the  pBjchical  as  well  lis  th^  physical  deterioratioii  of  tho  Nfgw, 
Australian,  and  other  degraded  races.  So,  on  tlje  other  iiaiid,  if  we 
t*heridli  the  hope  that  the  fontier,  so  hi  from  being  Irrediiinmble,  mxy  H 
leoat  be  broil  glit'Up  to  the  sttrndard  from  which  they  hiire  dcgeiiieratJtd, 
by  means  adapted  to  dev elope  their  intellectual  ^tiltiea  aod  to  ctH 
forth  the  higher  parts  of  their  mond  natnre,  no  adequate  rea^Oti  can  be 
iiaaigiied  why  the  same  method  should  not  succeed  with  the  1«tter,  if 
employed  with  sufficient  perseverance.  It  will  !>€  only  when  the  e&ksAni 
edocation,  intellectual,  moral,  and  religious,  shall  have  l>een  &ir]y  Ustod 
by  the  experience  of  mantf  generatwris^  in  conjuuclion  TS'ith  the  infl^ignrf 
of  a  perfect  equality  in  civilization  and  social  pasition,  that  ire  aball  be 
entitletl  to  speai  of  any  essential  and  constant  psychic^  differejiee  betwtn 
ourselves  and  the  most  degraded  beings  clothed  in  liumaa  form.  All  tlie 
evidence  which  we  at  present  possess  leads  to  the  belief,  tliat  under  a  rasi 
diversity  in  degree  and  in  modes  of  manifestation,  the  same  ititelleciiial 
moral,  and  religious  capabititi€S  eadst  in  all  the  l£aces  of  Mankind «  m 
that,  whilst  we  may  derive  from  this  conformity  a  powerful  aigtiinfiifl^H 
their  zoological  lliihy  as  a  s]:>ccica»  we  are  also  directly  led  to  t^c^^^l 
their  community  of  moral  nattire  with  our^^'es,  aad  to  a^jxttt  tbeot  lt>i 
participation  in  our  own  lights. 

838.  Most  important  aasistance  is  afforded  in  the  detemiinatioii  oC  llkt 
real  affinities  of  different  Races,  by  the  study  of  their  Langna^s.  T^^ 
however,  is  a  dejiartment  of  the  inquiry  so  far  Wyond  th^  lixniti  fif 
Physiological  science,  tliat  it  must  be  here  dismissed  witli  a  bor^  mctititio 
of  ^oae  results,  to  which  tlie  7.ealou3  pursuit  of  it  by  a  large  otunber  of 
philoeqihic  Phtlologiste  seems  undoubtedly  to  tend. — Therre  can  I©  a» 
reasonable  doubt  that^  as  a  general  pnnci]>k,  the  affinities  ^  r»c«sftn 
more  aiu-ely  indicated  by  tJieir  languages  dian  by  their  pbysieal  l^mCiim; 
and  the  experienced  philologJBt  is  generally  able  to  discriminate  t^OR 
resemblances,  which  may  have  arisen  out  of  the  introduction  of  words  or 
of  modefl  of  oonstruction  from  ^e  one  into  the  other,  by  conquest,  oottK 
mercial  intercourse,  or  absolute  iutermixture,  from  those  which  mm  Hm 
result  of  a  communit}^  of  origin.  And  tljus  are  supplied  thogie  tncKiis  of 
tracing  the  |ia5t  history  of  races,  which  are  seldom  aflbrded  by  wiitua 
records,  or  ^x^n  (at  least  with  any  d^ee  of  certainty)  by  traditioDal  ia- 
formation.  It  is  to  be  borne  in  mind  that  the  affinities  of  languagw  aft 
indicated,  not  merely  by  verlial  resemblance,  but  by  the  siniUarity  d 
their  modes  of  grammatical  construction,  or  the  methods  by  which  ife 
relation  between  different  words  that  constitute  seuteucea  is  indiif 
The  moat  positive  evidence  is  of  course  afibrded,  when  a  conf! 
eadsts  both  in  tlie  vocabufarks  and  In  the  modes  of  c&nsfrtiction  ^ 
langui^es;  but  it  frequently  hapi>ena  that  although  the  confomiity 
in  r^ard  to  one  of  these  alone,  }'et  the  evidence  which  it  affords  is  per^ 
fectly  satisfactory.  Thus,  there  are  many  cases  in  which  the  vocahukiitft 
are  so  continually  undergoing  important  changes  (the  want  of 
records  not  permitting  them  to  acquire  more  than  a  traditional 
nence),  that  their  divergence  becomcft  so  great,  even  in  the  courM^ 
few  generations,  m  to  prevent  Jriixa  which  are  by  no  tneami 
descended  from  a  common  ancestrj-,  from  iinderstanding  one  miCL 
whibt  yet  the  system  of  gtauimatical  constructioUj  which  depeiidal 
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upon  the  grade  of  mental  development  and  upon  habits  of  thought, 
exhibits  a  remarkable  permanence.  Such  appears  to  be  true  of  the  entire 
group  of  American  languages ;  which  seem,  as  a  whole,  to  be  legitimately 
referable  to  a  common  stock,  notwithstanding  their  complete  verbal 
diversity.  On  the  other  hand,  when  two  languages  or  groups  of  languages 
differ  greatly  in  construction,  but  present  that  kind  of  verbal  correspond- 
ence on  which  the  philologist  feels  justified  in  placing  most  reliance 
(namely,  an  essential  conformity  in  tiiose  *  primary  words'  which  serve 
to  represent  the  universal  ideas  of  a  people  in  the  most  simple  state  of 
existence),  that  correspondence  may  be  held  to  indicate  a  community  of 
origin,  if  it  can  be  proved  that  it  has  not  been  the  result  of  intercourse 
between  the  two  femilies  of  nations  subsequently  to  their  first  divergence, 
and  if  it  seems  probable  on  other  grounds  that  their  separation  took  place 
at  a  period  when  as  yet  the  grammatical  development  of  both  languages 
was  in  its  in^cy.  Such  appears  to  have  been  the  case  with  certain  of 
those  groups  of  languages  whose  distinctness  can  be  traced  back  histori- 
cally for  the  longest  period.* — It  is  evident,  then,  that  Philological  inquiry 
must  be  looked-to  as  one  of  the  chief  means  of  determining  the  question 
of  radiation  from  a  single  centre  or  from  multiple  centres ;  and  it  is  a 
remarkable  &ct,  that  the  linguistic  affinity  and  the  conformity  in  physical 
characters  frequently  stand  in  a  sort  of  complemental  relation  to  each 
other,  each  being  the  strongest  where  the  other  is  weakest ;  so  that,  by 
one  or  other  of  t^ese  links  of  connection,  a  close  relationship  is  indicated 
between  all  those  ^milies  of  nations  under  which  the  several  races  appear 
to  be  most  naturally  grouped. 

2.  General  Survey  of  the  Principal  Varieties  of  the  Human  Species, 

839.  The  distribution  of  the  Races  of  Mankind  under  five  primary 
varieties,  according  to  their  respective  types  of  cranial  conformation,  as 
first  proposed  by  Blumenbach,  is  still  so  commonly  received,  notwith- 
standing the  distinct  proof  which  has  been  given  of  the  fellacious  nature 
of  its  basis,  that  it  will  be  desirable  to  explain  his  terms,  and  at  the  same 
time  to  show  how  fiu:  the  information  subsequently  acquired  has  tended 
to  modify  his  arrangement. — The  first  of  these  varieties,  which  is  con- 
sidered to  be  distinguished  by  the  possession  of  the  oval  or  elliptical^  type 
of  cranial  conformation,  was  designated  Caucasian  by  Blumenbach,  on 
two  groimds ;  first,  because  he  considered  the  Caucasian  people  (of  whom 

*  The  changes,  or  stageB  of  growth  and  deyelopment,  thxx>iigh  which  all  languages 
probably  pass,  hare  been  traced  in  a  most  interesting  manner  by  Prof.  Max  Mtiller,  in 
his  "  Lectures  on  the  Science  of  Language,**  1861 :  see  Lectures  ii.  and  yilL 

t  Now  generally  termed  dolichocephalic,  from  ^oXix^Ct  long,  and  re^oX^,  head ;  in 
opposition  to  fipaxvCt  short,  and  Kt^aXii,  According  to  Retzius,  the  majority  of  the 
people  of  Western  Europe  are  dolichocephalic  and  orthognathic  {6pOoc,  upright^  and 
yvaOoQt  j&v) ;  whilst  the  brachyoephalic  is  the  prevalent  form  of  the  skull  throughout 
the  great  extent  of  Eastern  Eu/rope.  He  regards  the  Hindoos,  Arian  Persians,  Arabs, 
and  Jews,  with  the  Tungusians  and  Chinese,  as  being  examples  of  Asiatic  dolichocephali, 
the  last  two  being  prognathic  {irpb,  forwards,  and  yvaOo^,  j&w),  the  former  orthognathic ; 
whilst  the  Samoiedes,  Turks,  Circassians,  Affghans,  Lascars,  Tartars,  Mongolians  (both 
of  Asiatic  Russia  and  Mongolia),  and  Malay^  are  all  prognathic  brachyoephali,  and 
constitute  the  preTailing  type.  On  the  continent  of  Australia  and  in  Van  Diemen's 
Land,  all  the  savage  tribes  are  prognathic  dolichocephali  See  his  'Glance  at  the 
Present  State  of  Ethnology  with  Reference  to  the  Form  of  the  Skull,'  in  the  "Medico- 
Chir.  Rev.**  for  1860,  vol  xxt.  p.  508,  and  voL  xxvi.  p.  215. 
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die  Geotgiani  &iid  CircaisiaiiB  are  the  beit-known  examples)  am 
it«  phymcal  etiaracteTa  in  the  greatest  perfecdon ;  and  aeoond, 
warn  atippQied  th&i  the  Caucasian  range  of  motrntoina  miglit  be  rqpfded 
aa  the  centre  or  focuB  of  the  m^ea  beloaigmg  to  iu  Nettlier  of  thme 
ideaa,  however,  is  correct ;  for  whilji  the  oral  form  of  csmnitim  ia  pr*- 
aented  with  fully  aa  great  beauty  mod  aymmetry  hj  the  Greeks,  it  seens 
now  to  ba  almoet  oertainlj  determinable  by  the  eridence  of  LuigtiSfet 
that  the  Georgian  and  Circaasmn  D^tioiia  are  really  of  Mongolian  orlgiii, 
and  oonaeqnantly  have  do  direct  relation  of  a^nity  with  lh«  o^her 
nations  osually  ranked  aa  belonging  to  this  Taiiety ;  and  the  evidence  of 
history  and  tradltioii,  so  ^  from  pointing  to  the  Cancasoan  range  wm  the 
original  centre  of  radiation  of  the  racep  accords  with  that  of  language  in 
aaaigning  its  locality  much  nearer  to  Central  Asia.  It  would  be 
desirable,  therefore,  that  aome  other  designation  should  be  mi] 
ffjr  that  given  by  Blumenbach ;  were  it  not  that  the  pi^esent  stale 
knowledge  requires  the  entire  abandonment  of  bis  doctrine, 
Tticm  agreeing  in  this  type  of  conformation  are  mutually  comneeled 
oommunity  of  deaceut.  For,  even  within  the  limits  of  Europe^  we  iaSi 
at  leaat  two  nations, — the  Turk^  snd  the  Magyars  or  true  Hungariaiia, — 
whoae  crania  are  characteristically  oval,  and  which  are  yet  undoubtedly 
of  Mongolian  origin ;  and  although  some  allowance  must  be  madi 
regard  to  the  dionge  which  hus  taken  place  among  the  former,  for 
influents©  of  intermwcture  with  o tlier  races,  yet  there  is  no  re^on  to  beU 
that  any  auch  influence  has  operated  among  tlie  ^lagjara,  whoee  blooi^ 
aeema  to  have  been  transmitted  with  remarkable  purity  from  the  time 
when  they  Bettle<l  in  Ilungary  about  ten  centuriea  since.  In  Ada,  we  iod 
this  type  presented  not  merely  by  tlte  Persian  and  other  Indo*KitrocicMi 
races,  but  also  by  the  Syro-Arabiati,  and  by  the  larger  proportiod  of  the 
inhabitants  of  llindostau ;  yet  the  Syro- Arabian  races  are  more  iKftHy 
relatx;d  to  the  Atrioan  stock  (§  ^41);  than  to  that  Irom  which  mciet  of  Um 
present  inhabitants  of  Europe  have  Spning;  and  there  b  good  reaeoa  le 
believe  that  the  great  mass  of  tl^e  ejdstuig  inhabitants  of  India  ate  of 
Mongolian  descent  (§  843),  It  wiU  bo  necessary ^  therefoi^  to  qotiaadir 
the  nationa  which  present  the  so-eaDed  Caucasian  type  of  cranial  eonlbnii- 
tjon,  under  several  distinct  heads.  No  uniformity  exists  amongst  thesi 
in  regard  to  coiour;  for  this  character  presents  every  intermediate  gnw* 
tion  between  the  fhir  and  florid  tint,  with  light-red  or  auburo  luiir^ 
the  Northern  European,  to  the  dusky  or  even  black  hue  of  the 
bordering-on  or  lying-bctween  the  Tropica.  The  hair  is  g«FDez%Ilr 
and  flexible,  with  a  tendency  to  eurl ;  but  considerable  variety  pf« 
itself  with  regard  to  this  particular.  The  conformatiou  of  the  ieatmo 
approaches  more  or  less  closely  to  that  which  we  are  aecuatooied  ki 
regard  as  the  type  of  beauty, 

840.  The  first  place^  in  a  more  natural  distribution  of  the  HiOMa 
Bftcee,  must  undoubtedly  be  given  to  that  which  is  desigxtated  by  Dr. 
Prichard  aa  the  AnaUj  and  which  is  often  termed  the  Indo'Eurppmn: 
including  the  collective  body  of  European  nations,  with  the  Pefaiin%' 

*  The  njodem  Fefniaii*  tre  n  ftTj  mixed  rsoe^  In  which  Turkiali  nnd  Arab  «l«QiBa 
lArgfllj  particip»te.  The  uiost  perfect  repreaeatAiires  of  th«  origiual  swck  (wlioatmBlf 
of  deiceat  »e«m«  tu  have  been  miUttUiBi^,  from  the  time  of  ihair  original  migfttHoa  111* 
tbcir  present  IcKS&riiy,  hj  (he  phy ileal  abBtncles  wtlch  h^re  cat  them  oW  tmm  mttnmB^ 
with  th«ir  nearwt  ndfh hours)  are  beliflved  to  be  the  Kafirs  of  Kiifirbiaji,  %  Ult^iwml 
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AfiPghans,  and  certain  other  nations  of  the  south- western  portion  of  the 
Asiatic  continent,*  near  to  which  their  original  focus  appears  to  have 
been.  The  great  bond  of  connection  between  these  nations,  lies  in  their 
languages;  which,  in  spite  of  great  diversities,  present  a  certain  community 
of  character  that  is  recognized  by  every  philologist.  The  fiuuily  which 
is  most  dissimilar  to  the  rest  (the  typical  Celt  contrasting  remarkably 
with  the  types  of  the  Crermanic  group,  both  in  physical  conformation 
and  in  psydiical  characters,)  is  that  formed  by  the  Celtic  nations ;  but 
these  are  undoubtedly,  like  the  others,  of  Eastern  origin,  as  was  first 
shown  by  Dr.  Prichard  ;f  though  they  appear  to  have  detached  them- 
selves fi:om  the  common  stock  at  an  earlier  period  in  the  development  of 
its  language.  The  /n(/o- Germanic  languages  are  obviously  all  formed 
upon  the  same  base  with  the  ancient  Sanc^it,  if  not  upon  the  Sanskrit 
itself;  and  they  are  united  alike  by  community  in  many  of  the  most  im- 
portant *  primary  words,*  and  by  general  similarity  in  grammatical  con- 
struction. The  existing  Lettish  or  Lithuanian  dialect  presents  a  very  near 
approach  to  the  original  type ;  and  the  OldTrussian,  a  dialect  spoken  as 
late  as  the  sii^enth  century,  had  a  still  closer  alliance  to  the  ancient  Zend 
or  Median,  which  seems  to  have  been  a  very  early  derivation  from  the 
Sanskrit,  and  which  is  the  basis  of  the  language  now  spoken  in  Persia. — 
But  there  is  evidence  that,  notwithstanding  the  mutual  affinities  of  the  Indo- 
Germanic  languages,  every  one  of  them  has  been  modified  by  the  introduc- 
tion of  extraneous  elements :  thus,  in  those  of  Western  Europe,  there  is  a 
considerable  admixture  of  Celtic ;  whilst  in  others,  there  are  traces  of  more 
barbaric  tongues.  In  fact,  there  can  be  little  doubt  that  Europe  had  an 
indigenous  population,  before  the  immigration  of  the  Indo- German  or 
even  of  the  Celtic  tribes ;  and  of  this  population  it  seems  most  probable 
that  the  Lapps  and  Finns  of  Scandinavia,  and  the  Euskarians  (or  Basques) 
of  the  Biscayan  provinces,  are  but  the  remnant.  The  former  of  these 
tribes,  which  is  undoubtedly  of  Mongolian  origin,  once  extended  much 
further  south  than  at  present;  and  with  regard  to  the  latter,  whose 
nearest  linguistic  affinities  are  also  with  the  tongues  of  High  Asia,  there 
is  ample  historical  proof  that  they  had  formerly  a  very  extensive  distri- 
bution through  Southern  Europe.  It  would  not  seem  improbable,  then, 
that  the  advance  of  the  Indo-European  tribes  from  the  south-east  comer 
into  Central  Europe,  separated  that  portion  of  the  aboriginal  (Mongolian) 
population  which  they  did  not  absorb  or  destroy,  into  two  great  divisions ; 
of  which  one  was  gradually  pressed  northward  and  eastward,  so  as  to  be 
restricted  to  Finland  and  Lapland ;  and  the  other  southward  and  west- 
ward, so  as  to  be  confined  at  the  earliest  historic  period  to  a  part  of  the 
peninsula  of  Spain  and  the  South  of  France,  gradually  to  be  driven  before 
the  successive  irruptions  of  the  Celts,  Romans,  Arabians,  and  other 
nations,  until  their  scanty  remnant  found  an  endiuing  refuge  in  the 

light-baired  race  inhabiting  tbe  impracticable  monntain-countxy  on  the  watenbed  between 
the  Oxna  and  the  north-western  sources  of  the  Indns.  The  Tajiks  of  Bokhara  also  keep- 
up  the  ancient  lineage  and  language,  altboagh  their  country  is  ruled  by  people  of  Turkish 
descent. 

*  The  population  of  Hindostan  has  been  commonly  accounted  as  belonging  to  this 
division ;  but  the  more  intimate  the  knowledge  attained  of  its  character  and  languages, 
the  more  does  it  lead  to  the  conclusion  that  ^e  great  mass  of  this  population  is  really  of 
Mongolian  descent  (§  848). 

t  *'  On  the  Baatem  Origin  of  the  Celtic  Nations,"  1881. 
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fastnessefl  of  the  Pyrenees.* — The  Tndo-Germanic  race  is  unqueetiockably 
that  which  has  exercised  the  greatest  influence  on  the  ciyilijEatiou  of  tli« 
Old  World ;  and  it  eeems  mdubitably  destined  to  acquire  m  mmilm 
influence  in  those  newly-fonud  lands,  which  have  been  discovered  by  its 
enterprise.  With  ecarcely  an  exoeptioD,  as  Dr.  Latham  lu&a  justly  it^ 
marked,  the  nations  heloiigiiig  to  it  present  an  mcroaching  frontier:  there 
being  no  instance  of  its  pernianent  digplacement  by  any  other  race,  »Te 
in  the  case  of  the  Arab  clomiiiion  in  Spain,  which  has  long  since  ceased : 
in  that  of  the  Turkish  dominion  in  Turkey  and  Asia  ilinor,  which  is 
evidently  destined  to  exjiire  at  no  distant  period,  l>eing  upheld  for  merely 
political  purposes  by  extraneous  influence ;  and  in  that  of  the  ^Magyars 
in  Hungary,  who  only  maintain  their  ground  tJirough  their  complete 
asaiinilfttion  to  the  Indo- Germanic  character.  It  is  a  reaiarkable  fkct^  thmt 
in  moat  cases  in  which  thb  race  extends  itself  into  countries  previoixdy 
tenanted  by  people  of  an  entirely  different  type,  the  latt^-  progreadvely 
decliue  and  at  last  disappear  before  it,  provided  the  climate  be  aueit  n 
enables  it  to  maintidn  a  vi^rous  existence;  this  is  pre-omuietilly  ^ 
case  in  Nortli  and  South  America,  in  Australia,  in  New  Zealand,  and  la 
many  of  the  amaUer  Polynesiaji  iaknda.  And  where  die  dimate  is  las 
favourable  to  the  perpetuation  of  the  race  in  its  purity,  an  iutermlxtore 
with  the  native  blood  frequently  gives  origin  to  a  mi2E:ed  ra^e,  wiikii 
possessea  the  developeil  intellect  of  the  one,  and  the  climatic  adapt! v«fi«n 
of  the  other,  and  which  appears  likely  ultimately  to  tiike  tiie  pjace 
of  both* 

S'lL  Tlie  Sf/ro- Arabian  or  Semitic  nations  agree  mtli  tbo  preceding  in 
general  physical  characters,  but  differ  entirely  in  the  structure  of  tJidr 
langiiagQ,  and  for  the  most  part  in  vocjibulary  also,  though  recent  rc- 
a«iTches  seem  to  indicate  that  certain  roots  of  the  Semitic  and  Indo^ 
Germanic  languages  have  a  decided  affinity.  It  seems  quite  ceTtain^ 
however,  that  the  linguistic  affinities  of  the  Semitic  nations  are  ralher 
with  the  African  than  with  the  Indo-European  races ;  and  so  strong  is 
the  link  of  connection  thus  established,  tliat  by  Dr.  Latham  thev  aw 
ranked  with  the  former  under  the  general  designation  Atlanttd^r^^  wlulit 
Mr.  Norris,  whose  authority  upon  all  such  subjecta  is  deservedly  g^^^^M 
strongly  disposed  (as  he  has  himseli'  informed  the  Author)  to  coq^^| 
them  an  essentiali^  African  people, — The  original  seat  of  thia  race,  how*J 
ever,  is  commonly  reputed  to  have  been  that  region  of  Asia  which  is  inter*! 
mediate  l^etween  the  countries  of  the  Indo-European  and  of  the  ^gypCtaa 
races;  having  as  its  centre  the  r^on  watered  by  the  great  riven  of 
Mesopotamia.  Several  of  the  nations  primarily  constitutiiig  tlita  grottp 
have  become  extinct,  or  nearly  so;  and  the  Aral3,  which  origiBally  formed 
but  one  subdivision  of  it,  have  now  become  the  dominant  raoe^  not  only 
throughout  the  ancient  domain  of  the  Syro- Arabian  natioDs^  but  aln  la 
Northern  Africa,  In  the  opinion  of  Baron  Larrey,  who  bad  amplil 
opportunities  for  observation,  the  skulls  of  the  Arabian  moe  litruiib,  at 

*  Tbii  vi«w,  ^Mth  iriA  tnggesft^d  bj^  the  Aa^or  in  ttie  **BnL  and  Por«  M«il«  B«v«,^ 
Oct  1847*  witfaont  til  a  kdowledg^  that  it  had  been  dtewliere  prop^itded,  Ima  httt 
ptii  forth  with  ootuddwahle  oon£dflDC«  hj  Dr«  lAthmn  ("Yarieliei  of  If  an,*'  1S3^), 
aa  having  origi&ated  witli  Axndt  Knd  beea  adopted  bj  Eaik,  dlBtiligai^«d  Scaadiaifiia 

ethnologiata. 

t  See  hii  •'Varietiw  of  Mno,"  1S50,  p.  U9. 
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present,  the  most  complete  type  of  the  human  head ;  and  he  considered 
the  remainder  of  the  physical  frame  as  equally  disting^uished  by  its 
superiority  to  that  of  other  races  of  men.  The  difEerent  tribes  of  Arabs 
present  very  great  diversities  of  colour,  which  are  generally  foimd  to  co- 
incide with  variations  in  climate.  Thus  the  Shegya  Arabs,  and  others 
living  on  the  low  countries  bordering  on  the  Nile,  are  of  a  dark-brown  or 
even  black  hue ;  but  even  when  quite  jetty,  they  are  distinguished  from 
the  Negro  races  by  the  brightness  of  their  complexions,  by  the  length  and 
straightness  of  their  hair,  and  by  the  regularity  of  their  features.  The 
same  may  be  said  of  the  wandering  Arabs  of  Northern  Africa ;  but  the 
influence  of  climate  and  circumstances  is  still  more  strongly  marked  in 
some  of  the  tribes  long  settled  in  that  region,  whose  descent  may  be 
traced  to  a  distinct  branch  of  the  Syro- Arabian  stock,  namely,  the  Berber, 
to  which  belong  the  Kabyles  of  Algiers  and  Tunis,  the  Tuaryks  of  Sahara, 
and  the  Guanches  or  ancient  population  of  the  Canary  Isles.  Amongst 
these  tribes,  whose  affinity  is  indisputably  traceable  through  their  very 
remarkable  language,  every  gradation  may  be  seen,  from  the  intense 
blackness  of  the  Negro  skin,  to  the  more  swarthy  hue  of  the  inhabitants 
of  the  South  of  Europe.  It  is  remarkable  that  some  of  the  Tuaryk 
.  inhabitants  of  particukr  Oases  in  the  great  desert,  who  are  almost  as 
insulated  from  communication  with  other  races  as  are  the  inhabitants  of 
islands  in  a  wide  ocean,  have  hair  and  features  that  approach  those  of  the 
Negroes ;  although  they  speak  the  Berber  language  with  such  purity,  as 
to  forbid  the  idea  of  the  introduction  of  these  characters  by  an  inter- 
mixture of  races.  The  Jews,  who  are  the  only  remnants  now  existing  of 
the  once-powerftd  Phcenician  tribe,  and  who  are  now  dispersed  through 
nearly  every  country  on  the  face  of  the  earth,  present  a  similar  diversity; 
having  gradually  assimilated  in  physical  characters  to  the  nations  among 
which  they  have  so  long  resided  (§  823). 

842.  The  second  primary  division  of  the  Human  family,  according  to 
the  arrangement  of  Blumenbach,  is  that  commonly  termed  Mongolian. 
The  real  Mongols,  however,  constitute  but  a  single  and  not  very  con- 
siderable member  of  the  group  of  nations  associated  under  this  designa- 
tion ;  which  is,  therefore,  by  no  means  an  appropriate  one.  The  original 
seat  of  these  races  appears  to  have  heen  the  great  central  elevated  plain 
of  Asia,  in  which  all  the  great  rivers  of  that  continent  have  their  sources, 
whatever  may  be  their  subsequent  direction.  Taken  as  a  whole,  this 
division  is  characterized  by  the  pyramidal  form  of  the  skull,  whose  antero- 
posterior diameter  scarcely  exceeds  the  parietal,  and  by  the  broad  flat 
face  and  prominent  cheek-bones ;  by  the  flattening  of  the  nose,  which  is 
neither  arched  nor  aquiline ;  by  the  eyes  being  drawn  upwards  at  their 
outer  angle ;  by  the  xanthous  or  olive  complexion,  which  sometimes 
becomes  feir,  but  frequently  swarthy ;  by  the  scantiness  and  straightness 
of  the  hair,  and  deficiency  of  beard ;  and  by  lowness  of  stature.  These 
characters,  however,  are  exhibited  in  a  prominent  degree  only  in  the  more 
typical  members  of  the  group,  especially  those  inhabiting  Northern  and 
Central  Asia ;  and  may  become  so  greatly  modified,  as  to  cease  altogether 
to  be  recognizable.  Such  a  modification  has  been  remarkably  eflTected  in 
the  case  of  a  part  of  the  Turkish  people,  now  so  extensively  distributed. 
All  the  most  learned  writers  on  Asiatic  history  are  agreed  in  opinion,  that 
the  Turkish  races  are  of  one  common  stock  ;  although  at  present  they  vary 
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in  phyia<^  diaracterm,  to  soch  a  d^^ree  tlmt,  in  some,  the  or^jiail  ^p 
haM  been  altogetlier  clianged.  Thoee  which  ^iU  ioliabit  Qm6  andi^ 
abod^  of  the  race^  and  preserre  their  pftBtoral  Domadic  Hie,  preaefii  tfe 
phjmogDomy  and  general  ch^acterisdcs  whldi  appear  to  bare  bdoQfed 
to  ^e  origiiml  Tirrkonmne;  and  these  are  deddedlj  rdezable  to  the 
so-called  Mongolian  t}'pe.  Before  tht  Mahomm^an  efm,  liu»wgvafj 
gb«  Weslem  Turks  or  OsnanHs  hM  adopted  imme  wttled  inbiti» 
and  bad  made  considerable  [mogreg  m  dvilizadon ;  and  tbetr  ailop- 
lion  of  the  religion  of  Islam  bidted  thma  to  still  wider  tixtenaoa, 
and  developed  that  spirit  of  oonqaeet^  whieb,  doring  the  middle  Wf^m, 
displayed  iteelf  with  such  remarkable  Tigonr*  The  hrmocbes  of  tlw  mot^ 
which,  from  their  long  settlement  in  Europe,  have  mode  tbe  grottfrt  pn- 
gresB  in  civiii^ation,  now  exhibit  in  till  ^eential  paiticoJaia  tbe  |ib]riial 
i^haracters  of  the  European  model ;  and  these  are  particxdarfy  mpfmmt 
in  the  conformation  of  the  aknll. — Another  marked  departore  fiboia  ibd 
ordinary  Mongolian  type,  is  present^ed  by  the  Hyperborean  tribes  ialft- 
biting  the  Ixjrderg  of  the  ley  Sea ;  these  hare  for  the  moel  part  a 
pyramidal  ekuU,  but  their  complexion  ia  swarthy  and  their  growth  m 
peculiarly  stunted ;  and  thej  form  the  link  that  coimecCs  the  ar^Boaaj 
MongoUdie  with  the  Lapps  and  Finns  of  Europe  on  one  gide,  and  with  die 
Eaquimaux  of  North  Ain erica  on  the  other.  The  Ugrian  division,  wludi 
migrated  towards  the  north-west  at  a  veiy  early  period^  planted  a  ooloiy 
in  Kuropef  which  still  tenanU  the  northern  Baltic  countries  fiinxiii^  the 
races  of  Firmg  and  Lapps.  In  the  time  of  Tacitus,  the  Finna  wei*  m 
Buvage  OS  the  Lapps;  but  the  former,  during  the  succeeding  ag^  becamt 
so  far  civilized,  M  to  exchange  a  nomadic  liJe  for  one  of  agriciSuiral  pur- 
suits, and  have  gradu&lly  assinjilatod  with  the  Burrounding  people ;  whtkl 
the  Lapjift,  like  the  Siberian  tril:>e8  of  the  same  race^  have  ei'cr  «ince  ©osi- 
tinued  to  be  barbaroui  nomtides,  and  have  nndergODe  no  elevaikm  ia 
phyBical  eharacteni.  Tlie  same  division  gave  origin  to  the  Ma^yart  m 
llung^irians ;  a  wfu-Iike  and  enei^getic  people,  nnlike  their  kindred  in  thfl 
North ;  in  whom  ft  long  abode  in  tlie  centre  of  Europe  has.  In  like  xnamier^ 
developed  the  mere  elevated  characters,  physical  and  mentnJ,  of  the  Ktini- 
pean  nations. 

843*  The  nations  inhabiting  tJie  S<fnth -eastern  and  Soutlieni  porticw 
of  Asia,  also,  appear  to  have  had  their  origin  in  Use  Mougnttaii  or 
Centrd- Asiatic  stock ;  although  their  features  and  form  of  akuU  hf  no 
means  exhibit  its  characteristic  marks,  but  present  such  depArtm^og  fitna 
it|  as  are  elsewhere  o1>f!ier\'abIe  in  races  that  are  making  adTancM  ia 
civilization.  The  conibrmity  to  the  Mongolian  tjpe  ia  most  demdtMf 
shown  by  the  nations  (collectively  termed  Serif orm  by  I>r.  I^tlttmL 
which  inhabit  China,  Thibet,  the  Indo-Chinese  peninsula,  and  the  base 
of  the  Himalayan  range ;  these  are  associated  by  certain  linguistic  |)ecii- 
Uarities  which  dietingiiisb  them  from  all  other  races ;  that  ;>rinutiv#  con- 
dition of  human  spech,  in  which  there  is  a  total  al>scnce  of  inH^ctiOttl 
indicative  of  the  relation  of  the  prineijxd  words  to  one  anotlier,  bein^ 
apparently  preserved  with  le»s  cliange  in  the  tongues  of  these  fiiO|ili^ 
than  in  those  of  any  other.  The  Chinese  may  \m  pliysically  cbaimcWtied 
as  Mongolians  softened -down  ;  and  in  passing  from  China  towards  Indian 
through  the  Btirmese  empire,  there  is  so  gradual  a  ttansiUou  towarda  the 
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ordinary  Hindoo  type,  that  no  definite  line  of  demarcation  can  be  any- 
where drawn. — The  inhabitants  of  the  great  peninsula  of  Hindostan  have 
been  commonly  ranked  (as  already  remarked)  under  the  Caucasian  race ; 
both  on  accoimt  of  their  physical  conformity  to  that  type,  and  also 
because  it  has  been  considered  that  the  basis  of  their  languages  is  Sans- 
kritic.  It  is  certain,  however,  that  this  conclusion  is  incorrect  with 
regard  to  a  very  large  proportion  of  the  existing  population  of  India ; 
and  there  is  strong  reason  to  believe  that  no  part  of  it  bears  any  real 
relation  of  afiinity  to  the  Indo-European  group  of  nations,  except  such  as 
may  be  derived  from  a  slight  intermixture.  Thus,  the  Tamulian,  which 
is  the  dominant  language  of  Southern  India,  is  imdoubtedly  not  Sanskritic 
in  its  origin  (although  containing  an  infusion  of  Sanskritic  words), 
but  more  closely  approximates  to  the  Seriform  type ;  and  many  of  the 
hill-tribes,  in  different  parts  of  India,  speak  peculiar  dialects,  which, 
though  mutually  imintelligible,  appear  referable  to  the  same  stock.  Now 
it  is  among  this  portion  of  the  population  of  India,  that  the  greatest 
departure  presents  itself  from  the  Caucasian  tjrpe  of  cranial  formation, 
and  the  closest  conformity  to  the  Mongolian;  the  cheek-bones  being 
more  prominent,  the  hair  coarse,  scanty,  and  straight,  and  the  nose 
flattened;  sometimes,  also,  the  lips  are  very  thick,  and  the  jaws  project, 
showing  an  approximation  to  the  prognathous  type.  Now  in  the  opinion 
of  Dr.  Latham  and  Mr.  Norris,  the  various  dialects  of  Northern  India  (of 
which  the  Hindostani  is  the  most  extensively  spoken)  are  to  be  regarded 
as  belonging,  in  virtue  of  their  fundamental  nature,  to  the  same  group 
with  those  of  High  Asia,  notwithstanding  the  large  infusion  of  Sanskritic 
words  which  they  contain ;  this  infusion  having  been  introduced  at  an 
early  period  by  an  invading  branch  of  the  Arian  stock,  of  whose  advent 
there  is  historical  evidence,  and  whose  descendants  the  ordinary  Hindoo 
population  have  been  erroneously  supposed  to  be.  According  to  this  view, 
then,  the  influence  of  the  Arian  invasion  upon  the  language  ^md  popula- 
tion of  Northern  India  was  very  much  akin  to  that  of  the  Norman 
invasion  upon  those  of  England  ;  the  number  of  individuals  of  the  invad- 
ing race  being  so  small  in  proportion  to  that  of  the  indigenous  population 
as  to  be  speedily  merged  in  it, — ^not,  however,  without  contributing  to  an 
elevation  of  its  physical  characters ;  and  a  large  number  of  new  words 
having  been  in  like  manner  introduced,  without  any  essential  change  in 
the  type  of  the  original  language.  And  thus  the  only  distinct  traces  of 
the  Arian  stock  are  to  be  foimd  in  the  Brahminical  caste,  which  pre- 
serves (though  with  great  corruption)  the  original  Brahminical  religion, 
and  which  keeps-up  the  Sanskrit  as  its  classical  language ;  it  is  certain, 
however,  that  this  race  is  far  from  being  of  pure  descent,  having 
intermingled  to  a  considerable  extent  with  the  ordinary  Hindoo  popula- 
tion. There  is  but  little  to  remind  us  of  the  Mongolian  type  in  the 
countenances  of  the  Hindoos,  which  are  often  remarkable  for  a  symme- 
trical beauty  that  only  wants  a  more  intellectual  expression  to  render 
them  extremely  striking ;  some  traces  of  it,  however,  may  perhaps  be 
found  in  the  rather  prominent  zygomatic  arches  which  are  common 
amongst  them ;  but  the  cranial  portion  of  the  skull  presents  no  approach 
to  the  pyramidal  tjrpe,  being  oflen  very  regularly  elliptical.  There  is  a 
remarkable  difference  in  the  colour  of  the  different  Hindoo  tribes ;  some 
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being  nearly  as  dbo-k  m  Negroeaf  others  mors  of  a  copper  colottr,  atvl 
othea^  but  Uttle  darker  than  the  inhabitants  of  South arn  Europe,* 

8M.  Aooording  to  the  usual  mode  of  dividing  the  Human  fiitniU,  ih% 
Ethiopian  or  Nt^ro  stock  ii  made  to  include  all  the  nations  of  AlHca.  to 
the  BGuihward  of  the  Atlas  range.  But,  on  ihe  one  hand,  the  Hottentoti 
and  Buflhmen  of  the  southern  extremity  constitute  a  grotip  wfiich  il 
afcrongly  diatinguiahed  by  phyeical  characterB  from  the  rest  of  the  A^caa 
nations;  so,  a^n,  the  region  north  of  the  Great  Desert  is  mostly  c»oai- 
pied  by  Semitic  tribes  (§  841);  the  scattered  population  of  the  Gttrt 
Desert  itself  is  far  from  being  Negro  in  many  of  its  features ;  the  ■ 
of  tlie  Nile,  at  least  in  its  middJe  and  lower  portions,  includiiig 
Nubia^  and  even  Abyeaioia,  is  iidiabitcd  by  a  group  of  tintiona 
may  be  designated  as  Nilotic,  and  which  presents  a  seriee  of  gradi 
transitions  bet  ween  the  Negroes  and  Kaflres  and  tlie  Semitic  tuecs;  a 
large  portion  of  the  area  south  of  the  Equator  is  occupied  by  the  Ka£tre 
tribes  and  their  nUies^  which  cannot  be  truly  designated  aa  Negroea ;  m 
that  the  true  Negro  area  is  limited  to  the  western  porticm  of  the  Afiioiui 
continent,  including  the  alluvial  yalleys  of  the  Bengal,  the  Gambia,  and 
the  Niger,  with  a  narrow  itrip  of  Central  Africa,  pasaing  eostwanis  to  the 
alluvial  r<^ions  of  the  Upper  Kile.  Even  within  tliia  area,  the  tnw 
N^o  type  of  conformation*  such  aa  we  see  in  the  luces  which  inhabit 
tlie  low  countries  near  the  Slave  C^oast, — consisting  in  the  combinatioD  of 
the  prognathous  form  of  skuU  with  receding  forehead  and  depressed  UiOmt 
thick  lips,  black  woolly  hair,  jet-black  unctuous  skin,  and  crooked  kgi, 
— is  by  no  means  uidversally  prevaJent ;  for  many  of  the  nations  which 
inhabit  it  must  be  ranked  as  mb-tjipiml  Negroes ;  and  from  theae  th« 
gradation  in  plijsieal  characters  is  by  no  means  abrupt,  to  those  Aj&icaa 
nations  which  possess,  in  a  conddeiahte  degree,  the  attributaa  wliidi  we 
are  aocustomed  to  exclude  altogether  from  our  idea  of  the  African  laoe. 
ThuSf  the  race  of  Jolofs  near  tlie  Senegal,  and  the  Guber  in  the  interior 
of  Sudan,  have  woolly  hair  and  deep-black  complexions,  but  fin©  forrai 
and  regular  features  of  a  European  cast ;  and  nearly  tlie  same  may  be 
aaid  of  tlie  darkest  of  the  Kaflreti  of  Soutliem  Afrits.  The  Bechiiana 
Kaffres  jiresent  a  still  nearer  approach  to  the  European  t>^pe  ;  the  OQKa* 
ple^^ion  being  of  a  light-brown,  the  hair  oilen  not  woolly  but  nicrdy 
curled,  or  even  in  long  lowing  ringlets,  and  the  (ig\u^  aud  feature's  having 
much  of  the  European  character. — There  is  no  group,  in  fact^  %hich  pf«- 
ients  a  more  constant  correspondence  between  external  conditions  and 
physical  conformation,  tJian  that  composed  of  the  Atrican  nationa.  A^ 
we  find  the  complexion  becoming  gradually  darker,  in  i^ajssing  from 
Nortljern  to  Southern  Europe,  thence  to  North  Alriea,  thence  to  tlie 
borders  df  the  Great  Desert,  and  thence  to  tlie  intertropical  region  wher^ 
alone  the  dullest  black  is  to  be  met  witli, — so  do  we  find,  on  passing 
southwards  from  Uds,  ihat  the  hue  becomes  gradually  lighter  in  propor- 
tion as  we  proceed  further  from  the  equator,  until  we  meet  witJi  rvtcm 
of  cotnparaiively  fair  complexions  among  the  nations  of  SoutJiem  ^Vfrica, 
Even  in  the  intertropical  region,  high  elevations  of  the  surlace  have  ^ 
same  effect  as  we  have  seen  them  to  produce  eJsewhere,  in  lightening  tlie 

*Foriiutnj  interealjhg  farticalnra  r^pecting  tlie  ph^sici]  churftcttrt  mad  haHts«f 
tb«  wild  tnleeof  the  Vt^drlalis  nfCcjrliJii,  nee  «  pai^r  by  J.  Baiky  in  Uie  ^TcifttaclioM 
of  toe  Ellin olf^gi^l  Society/'  rat  il  i>.  1273* 
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complexion.  Thus  the  high  parts  of  Sen^ambia,  where  the  temperature 
is  moderate  and  even  cool  at  times,  are  inhabited  hj  Fulahs  of  a  light 
copper  colour,  whilst  the  nations  inhabiting  the  lower  regions  around 
them  are  of  true  Negro  blackness:  and  nearly  on  the  same  parallel,  but  at 
the  opposite  side  of  Africa,  are  the  high  plains  of  Enarea  and  Kafia,  of  which 
the  inhabitants  are  said  to  be  fairer  than  the  natives  of  Southern  Europe. 
845.  The  languages  of  the  N^o  nations,  so  far  as  they  are  known, 
appear  to  belong  to  one  group;  for  although  there  is  a  considerable 
diversity  in  their  vocabularies  (arising  in  great  part  from  the  want  of 
written  records  which  would  give  fixity  to  their  tongues),  yet  they  seem 
to  present  the  same  grade  of  development  and  the  same  grammatical 
forms ;  and  various  proofs  of  their  affinity  with  the  Semitic  languages 
have  been  developed,  these  being  afforded  by  similarity  alike  of  roots 
and  of  grammatical  construction.  The  Semitic  affinity  of  the  Negro 
nations  is  further  indicated  in  a  very  remarkable  manner,  by  the  exist- 
ence of  a  variety  of  superstitions  and  usages  among  the  Negroes  of  the 
Western  coast,  closely  resembling  those  which  prevail  also  among  the 
Nilotic  races  whose  Semitic  relations  are  most  clear,  as  well  as  among 
branches  of  the  Semitic  stock  itself;  and  thus  we  seem  to  have  adequate 
proof  of  the  absence  of  any  definite  line  of  demarcation,  in  regard  either 
to  physiological  or  to  linguistic  characters,  between  the  Negro  race,  and 
one  of  those  which  has  been  hitherto  considered  to  rank  among  the 
most  elevated  forms  of  the  Caucasian  variety. — ^Nor  is  there  anything 
in  the  psychical  character  of  the  Negro,  which  gives  us  a  right  to  sepa- 
rate him  from  other  races  of  Mankind.  It  is  true  that  those  races 
which  have  the  Negro  character  in  an  exaggerated  degree,  are  uniformly 
in  the  lowest  stage  of  society,  being  either  ferocious  savages,  or  stupid, 
sensual,  and  indolent;  such  are  most  of  the  tribes  along  the  Slave 
Coast.  But,  on  the  other  hand,  there  are  many  Negro  States,  the  in- 
habitants of  which  have  attained  a  considerable  degree  of  improvement 
in  their  social  condition;  such  are  the  Ashanti,  the  Sulima,  and  the 
Dahomans  of  Western  Africa,  also  the  Guber  of  Central  Sudan,  among 
which  a  considerable  degree  of  civilization  has  long  existed ;  the  physical 
characters  of  all  these  nations  deviate  considerably  from  the  strongly- 
marked  or  exaggerated  type  of  the  Negro ;  and  the  last  are  perhaps  the 
finest  race  of  genuine  Negroes  on  the  whole  continent,  and  present  in 
their  language  the  most  distinct  traces  of  original  relationship  to  the 
Syro- Arabian  nations.  The  highest  civilization,  and  the  greatest  im- 
provement in  physical  characters,  are  to  be  found  in  those  African 
nations  which  have  adopted  the  Mahommedan  religion ;  this  was  intro- 
duced, three  or  four  centuries  since,  into  the  eastern  portion  of  Central 
Airica ;  and  it  appears  that  the  same  people,  which  were  then  existing 
in  the  savage  condition  still  exhibited  by  the  pagan  nations  further 
south,  have  now  adopted  many  of  the  arts  and  institutions  of  civilized 
society,  subjecting  themselves  to  governments,  practising  agriculture, 
and  dwelling  in  towns  of  considerable  extent,  many  of  which  contain 
10,000,  and  some  even  30,000  inhabitants;  a  circumstance  which  implies 
a  considerable  advancement  in  industry,  and  in  the  resources  of  sub- 
sistence. This  last  fact  affords  most  striking  evidence  of  the  improva- 
hility  of  the  Negro  races;  and,  taken  in  connection  with  the  many 
instances  that  have  presented  themselves,  of  the- advance  of  individuals, 


tilt  Mock  of  vy^  tJbe  Kafrta  aaj  be  conadered  &e  «lem.  In 
wwM^ht  mmm^  peofiBf  wldeb  latabit  tlie  liMJc/a  puts  of  Sovnii  Afiic^ 
to  the  noiibviifi]  of  tl»6  Hetteptet  eoont^,  9^  gr^  s  d^pu-tzcre  iron 
tl»  ordtm^  ll«jgr&  type  |W  ww  uti  ttod^  dttllontiy  tiareDii»^v«  ttngaed 
to  Hian  m  lulferent  <N%sa.  Tim  d^gfce  of  Aii  defiaxUirfe,  lnwrgneTt  iriw 
gnadfm  die  d^fenl  Kofie  tiiiei ;  fer  wliilil  araie  of  tlmm  sre  bitekt 
irooUy-lieftded,  and  deddedljr  fvagnaitboa%  s9  as  vhmxmdj  la  sfifawk 
tbe  modified  Ne^otm  of  Coi^  in  gqittd  »ip^c>»  o^era 
ablf  {fom  lihe  ^Fpcid  prqgnatfaons  nen,  both  in  complracm, 
mod  Ibrm  of  head,  pveaenting  a  l|g^browA  coloiir,  a  lugb  farticaiii  i 
profniiKfit  noae,  and  a  mH,  lobuM,  wieQ-ilia|ied  %ure.  Hie  tiii^  fi|i 
and  Uack  fii^zled  hair,  howerer,  are  generallj  retained ;  dioc^gh  the  Wr 
ia  wame^mm  of  a  reddiah  oolour,  and  becomes  fhwiag  i  and  tiie  ftaiSDil 
may  |YFefi»xit  a  Etiropesui  ca^  Bui  ercti  among  ihe  tribes  whU^  de|ail 
most  widely  fjrom  tbe  Negro  ty^  indiTidnak  are  Ibtmd  who  fatomt  a 
raluni  to  it ;  and  it  is  interesting  to  rranark,  that  the  people  of  Ddigoa 
Baj,  tbougfa  of  the  Kai!re  race  (as  indicated  hj  Xhekr  langixag^)^  bmig 
been  d^raded  by  stihjugatioD,  approach  the  people  of  tbe  Guinea  Cosil 
in  their  physical  characters.  In  fact,  between  the  moAt  elev^iAed  Kifif 
sfjfl  the  most  degraded  N<^gTO  every  possible  gradatioa  of  pbjDEAt  aad 
■»  ^ychical  characters  is  presented  to  a%  as  we  pas  north wanla  and  wt<l 
wards  from  Ksflraria  towards  the  Guinea  Coa^;  and  w@  meet  witli  a 
similar  transition^  afthoiigii  not  carried  to  so  gre^it  an  extent,  aa  wm  fmm 
up  the  astern  coeiM. — ^The  laognages  of  the  KnflTres  and  other  allii^  tribis 
M^  diitinguiflhed  by  a  set  of  reniarkitbla  chjirsctei^  which  have  hmm 
oonsiderec]  as  isolating  them  from  other  African  tongues.  Aooordlog 
Dr*  Latliamt  however^  these  p^ulianttes  are  not  so  fir  withoot  _ 
eliewhere  or  to  establifllj  the  very  decided  J  hie  of  demarcatioii  whi^ 
huvL<  attempted  to  dmw ;  and  may  be  r^urded^  in  fact,  as  t«au!ilng 
the  fuller  Uevclopmetit  of  tendencies  which  manifest  themsilinea  in 
Afrit!nii  kngiiogee. 

847,  The  Ifottentat  nie^  diflTcrs  from  all  other  South  African 
boUi  in  knguuge  find  in  jihyHical  conformation*     Its  kngimgc  caatlOS  bt 
shown  to  poiseas  distinct  afiinltiea  with  any  other  stock  ;*  but  In  bodt! 


*  It  10  <wo»idcred  by  ftome,  tliat  llie  Hoiletitot  IftBUtiAee  ii  s  degirndf^l 
Ilui^ttiEiari  Unf  aage  ii  a,  degmdctt  Hi;'tteittot ;  but  thft  Autlior  i*  lAf^lirmeii 
ihAt  be  <aot  do  t&Iid  grouad  fur  tbia  aiaucDptJiJii,  the  Affiqickfe  of  thft  HiM^icdU-n  m^vj 
\mlng  mibrrf  in  lii«  opttilnn^  viib  the  Ungni^ft  of  HJgb  Ab!%  althoa^  %\m  e« 
Ibkji  ftra  extreme] j  lUgbt      Suoh  ««  tbej  are,  h«v«ver,  tfaey  lend  to  ooiiifsi 
■uggeited  to  tli4s  Auibor^  Bome  f&^rs  tloce^  by  the  mu-ked  i^pntKluotioa  of 


AFRICAN  nations: — KAFFRES  AND  HOTTENTOTS.  875 

structure  there  is  a  remarkable  admixture  of  the  characters  of  the  Mon- 
golian with  those  of  the  Negro.  Thus  the  lace  presents  the  very  wide 
and  high  cheek-bones,  with  die  oblique  eyes  and  flat  nose,  of  the  Northern 
Asiatics ;  at  the  same  time  that,  in  the  somewhat  prominent  muzzle  and 
thick  lips,  it  resembles  the  countenance  of  the  Negro.  The  complexion 
is  of  a  tawny  buff  or  &wn  colour,  like  the  black  of  the  Negroes  diluted 
with  the  olive  of  the  Mongols.  The  hair  is  woolly,  like  that  of  the 
N^roes,  but  it  grows  in  smaJl  tufls  scattered  over  the  sur&ce  of  the  scalp 
(like  a  scrubbing-brush),  instead  of  covering  it  imiformly  ;  thus  resem- 
bling in  its  comparative  scantiness  that  of  the  Northern  Asiatics.  It  is 
most  interesting  to  observe  this  remarkable  resemblance  in  physical 
characters,  between  the  Hottentots  and  the  Mongolian  races,  in  connection 
with  the  similarity  that  exists  between  the  circumstances  under  which 
they  respectively  live ;  and  it  is  not  a  little  curious  that  the  Hottentot, 
as  the  Mongol,  should  be  distinguished  by  the  extraordinary  acuteness 
of  his  vision  (§  626).  No  two  coimtries  can  be  more  similar  than  the 
vast  steppes  of  Central  Asia  and  the  karroos  of  Southern  Africa ;  and  the 
proper  inhabitants  of  each  are  nomadic  races,  wandering  through  deserts 
remarkable  for  the  wide  expansion  of  their  surface,  their  scanty  herbage, 
and  the  dryness  of  their  atmosphere,  and  feeding  upon  the  milk  and  flesh 
of  their  horses  and  cattle.  Of  the  original  pastoral  Hottentots,  however, 
comparatively  few  now  remain.  A  large  proportion  of  them  have  been 
gradually  driven,  by  the  encroachments  of  the  Kaffres  and  of  European 
colonists,  and  by  internal  wars  with  each  other,  to  seek  refuge  among  the 
inaccessible)  rocks  and  deserts  of  the  interior ;  and  have  thus  been  con- 
verted from  a  mild,  unenterprising  race  of  shepherds,  into  wandering 
hordes  of  fierce,  suspicious,  and  vindictive  savages,  treated  as  wild  beasts 
by  their  fellow-men,  until  they  become  really  assimilated  to  wild  beasts 
in  their  habits  and  dispositions.  Hence  have  arisen  the  tribes  of  Bush- 
men  or  Bosjesmen,  which  are  generally  regarded  as  presenting  the  most 
degraded  and  miserable  condition  of  which  the  Human  race  is  capable, 
and  have  been  supposed  (but  erroneously)  to  present  resemblances  in 
physical  characters  to  the  higher  Quadrumana.  This  transformation  has 
taken  place,  under  the  observation  of  eye-witnesses,  in  the  Koranas,  a 
tribe  of  Hottentots  well  known  to  have  been  previously  the  most  advanced 
in  all  the  improvements  which  belong  to  pastoral  life ;  for  having  been 
plundered  by  their  neighbours,  and  driven-out  into  the  wilderness  to 
subsist  upon  wild  fruits,  they  have  adopted  the  habits  of  the  Bushmen, 
and  have  become  assimilated  in  every  essential  particular  to  that  miserable 
tribe. — It  appears,  however,  from  the  inquiries  of  Dr.  Andrew  Smith,  that 
this  process  of  degradation  has  been  in  operation  quite  independently  of 
external  agencies ;  nearly  all  the  South  African  tribes  who  have  made 
any  advances  in  civilization  being  surrounded  by  more  barbarous  hordes, 
whose  abodes  are  in  the  wildernesses  of  moimtains  and  forests,  and  who 
constantly  recruit  their  numbers  by  such  fugitives  as  crime  and  destitution 
may  have  driven  from  their  own  more  honest  and  more  thriving  com- 

Mongolian  characters  in  the  Hottentot  race, — thai  it  is  the  remnant  of  a  migration  from 
Asia,  earlier  than  that  in  which  the  great  bulk  of  the  African  nations  have  their  origin; 
and  that  it  has  been  driven  down  to  the  remotest  comer  of  the  continent,  jnst  as  the 
aboriginal  (Mongolian)  popahition  of  soath-westeru  Rorope  seems  to  have  been  driven 
back  by  the  Indo-Earopean  immigration  (§  840). 
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mtmidea;  anil  ahem  people  Tmrf  tliar  mode  of  wp^sA  dengnedlf,  Aid 
efren  adopt  new  wordfl,  in  order  to  m^e  their  miSLiimg  unintelllgilJe  to 
ftU  bttc  the  memben  of  their  own  aasod^tion.  TUis  hiia  tta  oomplete 
pantlkl  in  the  very  midst  of  our  own  or  anj  otiier  higklj-ciirilixaflE  oon- 
utuaity ;  all  our  large  towns  cantainlog  np^ts  nesrljr  aa  itiaeoeg«hle  to 
tbc^iK  unacquainted  with  them,  as  are  the  rude  cxw^  or  deHs  «f  hUl^  or 
tixe  burrows  scooped -out  of  the  lerel  karroo,  in  wliich  tbo  wruchrf 
Bttahmao  UeH  in  wait  for  his  prey ;  mxid  these  bei^g  tenanted  bj  m  peofit 
that  Itaim  been  well  charactm^ed  aa  Us  cioBseB  danffermue^^  which,  m 
often  aa  the  arm  of  the  law  h  ji&nkiyted^  isae*lbrtii  from  the  naincnm 
doerta  within  which  tbej  lurk,  and  riml  in  their  fierce  indii%ei«e  of 
the  mo«t  degrading  pa^om^  and  in  ihek  excesses  of  wanton  cruelrf ,  tht 
mOEt  terrible  e^^bitions  of  barbarian  inhumanity.  Such  oniesits,  in 
aU  nationa,  purposely  adopt,  like  the  Bufihmen,  a  *i3aah*  laiigDSg«;  sod 
in  their  general  character  and  us^ea  there  m  a  most  atiikiiig  pacmfl^L* 

848.  The  American  nation^  taken  collectiTely,  Ibrm  m  group  whkk 
appears  to  have  exi3t«d  as  a  ieparate  fiimily  of  natlooa  from  a  vmr  eM^f 
period  in  tlie  world*9  history.  They  do  not  form,  however,  ao  utbd 
a  Tariety,  in  regard  to  phydcal  characters^  as  sotne  anatomiafii  hati 
endeaToured  to  prove ;  for,  although  certain  peculiarides  hare  be^i  itfaiei 
to  exifift  in  the  aknlb  of  the  aboriginal  Americans,  yet  it  is  found  on  * 
more  e:itenfiiTe  examination^  that  these  pectiMariti^  are  very  limited  in 
their  extent^ — the  sercral  nations  spread  over  this  vast  cootiiient  dife^ 
Jroni  each  other  in  physical  peculiarities  a&  much  as  they  do  htsm  ihon 
of  the  Old  Worldj  so  diat  no  typical  form  can  be  made-out  among 
In  regard  to  complexion,  again,  it  may  be  remarked,  that  altho^o^ 
native  Americans  have  been  commonly  characterized  aa  "  red  wam^** ' 
are  by  no  means  invariably  of  a  red  or  coppery  hue,  name  being  ai  lur 
as  many  Eurojieon  nations,  others  being  yellow  or  bro'wti,  and  odltti 
nearly,  if  not  quite,  as  black  as  the  Negroes  of  Africa ;  irMkA,  on  dM 
other  hand  I  there  are  tribes  equally  red,  and  perhaps  more  deaervi^g  thai 
epithet,  in  Africa  and  Polynesia.  Our  ordinary  notion  of  the  Ameilctfi 
races,  having  been  chiefly  founded  upon  the  chHracters  of  thoee  tnhm^i 
*  Indians*  with  whom  European  eettlers  first  came  into  contact,  px^vsla 
he  no  more  applicable  to  the  inhabitants  of  tlie  Continent  g^enerally,  tlaoi 
are  the  eharnctera  of  the  Negro  to  the  populiition  of  Africa  aa  a  whole 
{§  844), — In  Bpite  of  all  this  diversity  of  conlbrmation,  it  la  beliered  that 
tlie  sli'ucf  ure  of  their  hmguage^  afibrds  a  decided  and  clearly -marlsed 
evidence  of  relationship  between  tliem  (§  838).  Notwithsumding  their 
diversities  in  mode  of  life,  too,  there  are  peciilittrittes  of  mental  chjirader, 
as  well  as  a  number  of  ideas  and  customs  derived  from  tradition^  whidl 
seem  to  be  common  to  ihem  all ;  anil  wliich  for  the  most  part  indicate  a 
former  elevation  in  the  ecale  of  civilization,  that  has  left  its  tracea  mmoBg 
them  even  in  their  present  depressed  condition,  and  still  djBtdpgidibw 
them  from  the  sensual,  volatile,  and  almost  animalined  savag«8^  thm  mf^ 
to  be  mel*with  in  many  parts  of  the  Old  Continent^ — The  SaquinMnut 
have  been  regarded  as  constituting  an  exception  to  all  geneml  ftoemititt 
of  the  physic^  characters  of  the  American  natioi^ ;  for  in  the  coidgum- 
tion  of  tlie Lr  skulls,  as  also  in  their  complexion  and  general  phjmqgticniB|', 
they  conforin  to  the  Mongolian  tribe,  even  ]>resenting  it  in  an  ^Es^goiased 
•  Sc*  *^  London  Labour  And  ibe  Loiidon  Poor,"  p,  % 
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degree ;  whilst  their  wide  extension  along  the  whole  northern  coast  of 
America,  through  the  Aleutian  Islands,  and  even  to  the  Continent  of 
Asia,  certainly  lends  weight  to  the  idea  that  they  derive  their  origin  from 
the  Northern  Asiatic  stock.  But  the  increased  acquaintance  which  has 
been  recently  gained  with  the  tribes  that  people  the  north-eastern  portion 
of  the  American  Continent,  has  clearly  shown  that  no  physical  separation 
can  be  established  between  the  Esquimaux  and  the  Indian  proper ;  the 
one  form  graduating  so  insensibly  into  the  other,  as  to  make^the  distinction 
between  the  two  groups  there  as  difficult  as  on  the  western  side  it  is  easy. 
Hence  the  existence  of  the  Esquimaux  population  in  this  situation  affords 
a  complete  link  of  transition  between  the  Asiatic  and  the  American 
nations,  in  the  precise  region  in  which  the  geographical  relations  of  the 
two  continents  would  lead  us  to  expect  it. 

849.  It  now  remains  for  us  to  notice  the  Oceanic  races,  which  inhabit 
the  vast  series  of  islands  scattered  through  the  great  ocean  that  stretches 
from  Madagascar  to  Easter  Island.  There  is  no  part  of  the  world  which 
affords  a  greater  variety  of  local  conditions  than  this,  or  which  more 
evidently  exhibits  the  effects  of  physical  agencies  on  the  organization  of 
the  human  body.  Moreover,  it  affords  a  case  for  the  recognition  of 
affinities  by  means  of  language,  that  possesses  unusual  stability;  since 
the  insulated  position  of  the  various  tribes  that  people  the  remote  spots  of 
this  extensive  tract  prevents  them  from  exercising  that  influence  upon 
each  other's  forms  of  speech,  which  is  to  be  observed  in  the  case  of  nations 
united  by  local  proximity  or  by  frequent  intercourse.  Tried  by  this  test, 
it  is  found  that  the  different  groups  of  people  inhabiting  the  greater  part 
of  these  insular  regions,  although  so  widely  scattered  and  so  diverse  in 
physical  characters,  are  more  nearly  connected  together  than  most  of  the 
fiunilies  of  men  occupying  continuous  tracts  of  land  on  the  great  conti- 
nents of  the  globe.  A  probable  explanation  of  this  remarkable  affinity 
has  been  afforded  by  the  carefrd  investigation  of  the  Flora  and  Faima  of 
these  regions*  by  Dr.  Hooker  and  Mr.  Wallace ;  whose  observations 
frimish  strong  evidence  that  most  important  and  extensive  geological 
changes  have  taken  place  since  the  islands  scattered  over  that  region  have 
been  peopled  by  their  existing  inhabitants.  The  western  and  eastern 
halves  of  the  Indian  archipelago,  the  former  containing  Sumatra  and 
Borneo,  the  latter  including  Celebes  and  New  Guinea,  are  separated  at 
their  nearest  approximation  by  the  Straits  of  Lombok,  which  are  no  more 
than  flfleen  miles  wide  :  the  Fauna  of  the  former  is  essentially  Asiatic, 
that  of  the  latter  essentially  Australian ;  and  there  is  no  other  intermixture 
between  them,  than  such  as  a  very  limited  migration  across  this  narrow 
channel  will  readily  account  for.  Now,  the  various  portions  of  the  Indian 
province  are  still  connected  by  a  vast  submarine  plain,  which  extends 
over  the  whole  of  the  Java  Sea,  the  Straits  of  Malacca,  the  Gulf  of  Siam, 
and  the  southern  part  of  the  China  Sea,  at  a  depth  of  not  more  than  three 
hundred  feet,  abruptly  terminating  at  its  limits  in  an  imfathomable  ocean. 
An  elevation  of  the  sea-bottom  to  this  amount,  therefore,  would  nearly 

*  See  the  "  Introdactory  Bsaay  to  the  Flora  of  New  Zealand/*  by  Dr.  J.  D.  Hooker, 
1858,  and  his  "Flora  of  Aastralia;  its  Origin,  Affinities,  and  Distribntion,"  1859. 
Also  Mr.  A.  R.  Wallace,  'On  the  Zoological  Geography  of  the  Malay  Archipelago,'  in 
the  '*  Proceedings  of  the  Linnsean  Society  for  November,  1859 ;  and  the  reyiew  of  these 
works  in  the  "  Medico-Chir.  Rev."  for  1860,  toL  xxt.  p.  871. 
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dotibk  the  e:Ktent  of  tropical  Asia ;  and  there  m  evexy  probabili^  thst  iIm 
continent  was  Uina  extended  before  that  last  great  elevation  of  tbe  Folcsnic 
range  of  Java  and  Sumatrft  took  place,  which  (accordixig  to  the  gciMnI 
fiict  first  broTiglit  into  notice  by  ilr.  Darwin*  of  an  alteniAtioQ  of  bttndicf 
elevation  and  depresaion)  was  coincident  with  the  subsidence  tha^t  up- 
rated thoae  islands  from  Borneo  on  the  one  side,  and  h^m.  the  contiiiemi 
of  Asia  on  the  other.  On  the  ot})er  hand,  the  great  Pacific  Continent,  c^ 
which  New  Guinea  and  Auatralia  are  doubtle^  ^^gtnente^  and  whidi  {u 
Dr.  Hooker  has  rendered  probable  by  botanical  Goniideratious)  oom  odR- 
nected  AuBtraha  and  New  Zealand  with  South  America,  seema  lo  htft 
extended  itself  as  iar  westward  aa  the  Moluccas;  uml  its  mihma^^mct, 
producing  the  limitation  and  separation  of  the  great  islands  of  the  Sou^ 
Sea,  seemB  to  have  taken  place  before  the  rise  of  Uie  troploil  Astitic 
continent.  There  are  even  indications  that  the  tropical  Indian  Ccaitiirait 
extended  bo  near  to  what  ia  now  the  coast  of  Africa,  tbat  the  liii^  1/ 
Bonrhou  and  the  Mauritius,  perhapa  even  Madagascar,  were  mxllpx% 
jjortions  of  it  \  and  if  the  aiibmergence  which  formed  th%  bed  of  the  pr«- 
Beat  Indian  Ocean  ahould  have  tjiken  place  aubaeqtiently  to  the  time  irkos 
those  countries  became  inhalvited  by  Man,  we  have  a  mtiooal  iriFfilnniti^ 
of  Uie  fact  which  has  perplexed  all  ethnolog-iats^  and  which  the  hypoAms 
of  migration  can  scarcely  be  stretched  far  enough  to  accotint  for, — ilii 
both  tlie  Fauna  and  the  languages  of  IVIadagascar  are  rather  MaUn^* 
Polynesian  than  African  in  their  fundamental  affinities, 

850-  The  inhabitants  of  Oceania  seem  divisible  into  two  pradp) 
groups,  which  are  probably  to  be  regarded  as  having  constituted  diftiocC 
races  from  a  very  early  period ;  these  are  tlie  Malay o- Pol jnedaii  rt«v 
and  the  Negritos  or  Pelagian  Negroee.  The  Maiaf/o-Poh/tief<Htn  gT^up  ii 
by  far  the  more  e^ctcnsive  of  the  two ;  and  comprehends  the  inluibilaiili 
of  the  greater  part  of  the  Indian  and  Polynesian  Archij>elago^  with  tlw" 
peninsula  of  Malacca  (which  is  the  centre  of  the  Malaya  pr0f»er),  au&l 
perhaps  the  inhabitants  of  Madagascar.  These  are  all  cloa^^Iy  unito!  hj 
affinities  of  knguage.  The  proper  Malays  bear  a  strong  geutirml  rea^a- 
blance  to  the  Mongolian  races,  and  Uiis  resemblance  ia  sharo<l,  in  Agm^os 
or  less  d(^ree,  by  most  of  the  Inhabitants  of  the  Indian  Aitzlupcli^ 
They  are  of  a  darker  complexion,  as  might  be  expectod  horn  ibtir 
proximity  to  the  equator ;  but  in  this  complexion,  yellow  ia  i^tUl  a  lufe 
ingredient.  The  Polynesian  branch  of  the  group  presents  a  tniicli  wiikr 
diversity ;  and  if  it  were  not  for  the  community  of  langiiag«i,  it  miglil  he 
thought  to  consist  of  several  races,  fis  distinct  Irom  each  otlior  as  frcKn  tW 
Malayan  branch.  Thus  the  Tahitians  and  Marquesans  arc  tail  and  wvfl- 
made  ;  their  figures  combine  grace  and  vigour ;  their  skulls  arc  XMsmJItf 
remarkably  sj*mmetrical ;  and  their  physiognomy  presents  niuch  of  tbe 
European  cast.,  with  a  very  alight  admixture  of  the  feattires  of  the  Nc^m^ 
The  complexion,  especially  in  the  females  of  the  higher  classes  who  art 
flheltered  from  the  wind  and  snn,  !s  of  a  clear  olive  or  hnmctte,  midi  m 
is  conmton  among  tlie  natives  of  Central  and  Southern  Europe  ;  and  ^ 
hair,  though  generally  black,  is  sometimes  brown,  or  auburn,  or  cv«a  r«d 
or  flaxen.  Among  otlier  tribea,  aa  the  New  Zealanders,  and  the  Tcctga 
and  Friendly  Islanders,  there  are  greater  diversities  of  con^rmataoii  aiid 
hue ;  some  being  finely  proportioned  and  vigorous,  others  com|^fattf«^ 
small  and  feeble ;  some  being  of  a  copper -brown  colour,  others  nouff 
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black,  Others  olive,  and  others  almost  white.  In  fact,  if  we  once  admit 
a  strongly-marked  difference  in  complexion,  features,  hair,  and  general 
configuration,  as  establishing  a  claim  to  original  distinctness  of  origin,  we 
must  admit  the  application  of  this  hypothesis  to  almost  every  group  of 
islands  in  the  Pacific ; — an  idea,  of  which  the  essential  community  of 
language  seems  to  afford  a  sufi&cient  refutation.  Among  the  inhabitants 
of  Madagascar,  too,  aU  of  which  speak  dialects  of  the  same  language,  some 
bear  a  strong  resemblance  to  the  Malayan  type,  whilst  others  present 
approaches  to  that  of  the  N^ro. 

851.  The  Negrito  or  Pelagian- Negro  races  must  be  regarded  as  a 
group  altogether  distinct  from  the  preceding ;  having  a  marked  diversity 
of  language ;  and  presenting,  more  decidedly  than  any  of  the  Malayo- 
Polynesians,  the  characters  of  the  Negro  type.  They  form  the  predomi- 
nating pOpuilation  of  New  Britain,  New  Ireland,  the  Louisiade  and  Solo- 
mon Isles,  of  several  of  the  New  Hebrides,  and  of  New  Caledonia;  and 
they  seem  to  extend  westwards  into  the  mountainous  interior  of  the 
Malayan  Peninsula,  and  into  the  Andaman  Islands  in  the  Bay  of  Bengal.* 
The  Tasmanians,  or  aborigines  of  Van  Diemen's  Land,  which  are  now 
almost  completely  exterminated,  imdoubtedly  belonged  to  this  group. 
Very  little  is  known  of  them,  except  through  the  reports  of  the  people  of 
Malayo-Polynesian  race  inhabiting  the  same  islands ;  but  it  appears  that, 
generally  speaking,  they  have  a  very  inferior  physical  development,  and 
lead  a  savage  and  degraded  life.  There  is  considerable  diversity  of  phy- 
sical characters  among  them ;  some  approximating  closely  in  hair,  com- 
plexion, and  features,  to  the  Guinea- Coast  Negroes ;  whilst  others  are  of 
yellower  tint,  straight  hair,  and  better  general  development.  The 
Papuans,  who  inhabit  the  northern  coast  of  New  Guinea  and  some 
adjacent  islands,  and  who  are  remarkable  for  their  large  bushy  masses  of 
half- woolly  hair,  have  been  supposed  to  constitute  a  distinct  race  ;  but 
there  is  little  doubt  that  they  are  of  hybrid  descent,  between  the  Malays 
and  the  Pelagian  Negroes. — To  this  group  we  are  probably  to  refer  the 
AlfourouSy  or  Alforian  race,  which  are  considered  by  some  to  be  the 
earliest  inhabitants  of  the  greater  part  of  the  Malayan  Archipelago,  and 
to  have  been  supplanted  by  the  more  powerful  people  of  the  preceding 
races,  who  have  either  extirpated  them  altogether,  or  have  driven  them 
from  the  coasts  into  the  mountainous  and  desert  parts  of  the  interior. 
They  are  yet  to  be  foimd  in  the  central  parts  of  the  Moluccas  and  Philip- 
pines ;  and  they  seem  to  occupy  most  of  the  interior  and  southern  portion 
of  New  Guinea,  where  they  are  termed  Endamenes.  They  are  of  very 
dark  complexion ;  but  their  hair,  though  black  and  thick,  is  lank.  They 
have  a  peculiarly  repulsive  physiognomy ;  the  nose  is  flattened,  so  as  to 

*  An  interesting  paper  'On  the  Mincopie  Race  of  the  Andaman  Isles/  by  Professor 
Owen,  will  be  found  in  the  "Transactions  of  the  Ethnological  Society**  for  1863,  p.  84. 
They  appear  to  be  amongst  the  most  degraded  of  the  Human  species,  possessing  no  notion 
of  a  Supreme  Being,  nor  of  a  future  existence,  nor  any  sense  of  decency  or  shame ;  they 
are  of  diminutive  size,  yet  the  cranium  is  well  formed,  of  an  oval  type,  with  rather 
receding  forehead,  and  tiiey  are  skilful  in  making  knives  of  glass  and  iron  cast  up  from 
wrecks.  They  possess  considerable  power  of  imitation,  and  are  active  in  running, 
climbing,  and  swimming.  They  are  not  cannibals.  Prof.  Owen  concludes  that  they 
are  the  aborigines  of  these  islands ;  but  remarks,  that  antecedent  generations  may  have 
coexisted  with  the  slow  and  gradual  geological  changes  which  have  obliterated  the  place 
or  continent  of  their  primitive  origin. 
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pi«  Ibt  ocMbrilt  io  iliiKMt  tsHMTOse  povlicai ;  ibm  ABA-haam  prajeet; 
tb«  cfflft  me  Ivgcip  tiis  tecdi  prattinaiiy  die  ttpt  tkii^  and  Uie  mssmk 
vwhu     n^  linlw  xnp  loi^  ikadav  and  iMMA>|MPti.      From  the  dow 
Ff  wilitBiOT  in  piiyMoa  ehiniciert  bgtwwp  Ac  RmlMtigiies  of  Sew  GiBMi 
«i)d  tlie  abos%ixiei  of  Kew  BaOnid,  aai  fiom  tlie  pmsoB^sy  betwcea  tfae 
>i^jteeigt  ooarta  of  tlien  two  uiaixdi^  it  tmy  be  ntmiised  that  1^  luttr 
Moeg  to  the  AJfoiaa  laoe;  bat  too  litlk  is  haown  of  the  iM^jpufi  ef 
eitba*  t»  f^we  this  mfergtee  a  flnfEdeDt  maM^tj.    lo  the  degndadott  of 
thdr  condition  and  ataiuier  of  Itle,  the  svagee  of  S^w  Uolimd  fiilff 
eooal  the  Bcwhntm  of  Sontth  Afiicai  and  it  ia  mmredr  poaabjc  toi 
nitniaii   Deinpi  y^wor^  m  a  oopmuion  move  nearijf  nsemn 
of  bnitea      But  there  la  raaaon  to  bdiere,  thai  tm  tribes  ui  < 
oOBlaicI  With  Eotepeaa  eeltkn  are  motre  miaenhle  aifed  ^mrmts^  than 
of  the  tiKtsiar ;  aiid  eren  with  raipe^  tn  theK,  increaai^ 
with  their  laqgiiage,  and  a  canaeqttent  improted  tnaig^t  imn  ^beir  I 
ofUioi^lil,  lend  to  imtse  the  rery  bw  egttmate  whi^  baa  b^en 
and  long  iciamtainedj  in  r^ard  ia  their  extreme  inental 
The  Lvteat  and  most  EQjhentie  atatements  enable  na  to  i^oogtii^e 
them  the  aama  prinoplea  of  a  mofal  and  inieUectnal  naCuie^  vhadk^  i 
more  culiivotai  tiibeit  oonstitute  the  higher  endowmietita  of  hunani^; 
and  thofl  to  show  that  thfirf  are  not  separated  bjr  any  ifnpaaaable  bamff, 
&om  the  most  drilized  md  elevated  natious  of  the  globe. — Thestt  ait 
mAity  indi^atiouB,  iadeed^  th&t  the  Negrito  mce  U  not  so  radk^dJj  dt^ioCi 
^om  the  ^lulajQ-Poljneiia^  as  tbe  marked  physt^  dissimilarity  of  their 
i^pectiYe  ty|iC3,  and  the  apparent  want  of  conibnmty  between  their  Ian* 
goagea,  would  maike  it  appear.      For  m^  on  tbe  one  bund,  eoise  tif  the 
giibdivisiona  of  the  latter  present  a  de<ud^  tendency  towairdd   thjtt  pfo- 
gnathon^  character  and  depth  of  complexion  which  are  typical  of  the 
former,  eo  among  the  lormar  do  we  not  un^equently  meet  with  a  Ij^^iMr 
shade  of  flkioi  a  greater  eymmetrj  of  sknLl,  and  a  eonaideTafale  imfifO'V^* 
ment  in  form  and  feature.     Atid  although  no  very  cLom  lelatioiuhtp  cm 
be  discovered  between  the  Negrito  and  Malajo-Polyneaiaji  langoag^  ft/t 
it  has  been  pointed -out  by  Mr.  Norris  tliat  a  much  more  decided  relatiogi- 
ahip  cxiata  between  the  AtiBtralian  and  Tamulian  (§  843);   and  remoie 
Hi  this  connection  seems,  the  circnmstanee  adds  weight  to  the  idi»^  that 
the  native  Australianfl  (with  other  K^ritg  tribes)  are  an  ofiset  &om  thai 
southern  branch  of  the  great  nomadic  stock  of  Central  Aaia^  which  seema 
early  to  ha¥e  tpr^d  itself  thron|^  tUe  Indo-Chinese  and   the  Indian 
PenlnaulaBi  and  to  hare  even  there  shown  an  approximation  to  the  pto- 
gnftthous  type, 

852.  Looking^  then,  to  the  great  diversity  which  exisia  junoi^  the 
subordinate  groupa  of  which  lx>tlj  these  diviHionB  consist^  and  their  ten* 
dency  to  mutual  approximation,  it  cannot  be  ghowu  that  any  soffideaft 
xeaaon  exists  for  isolating  them  ht^m  each  other ;  aiid^  as  atieady  re- 
marked (f  BbQ%  there  seems  no  mediiun  between  the  suppoisitioii  that 
eai^h  island  had  it8  aborigitial  pair  or  pidrs^  and  the  doctrine  that  the 
whole  of  Oc^uia  haa  been  peopled  &om  &  common  Biock.  I#oo3cio^, 
again,  to  the  very  decided  appxtxitnatkiin  which  is  presented  by  cettaia 
Oceanic  tribes  to  the  Mongolian  type,  and  this  in  localities  which^  oti 
other  g?oundS|  might  be  regarded  as  having  received  the  first  stream  of 
tnigratiotii  the  possibility,  to  say  the  least,  can  scarcely  be  denied,  that  the  j 
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main-land  fiimished  the  original  stock,  which  has  undergone  various 
transformations  subsequently  to  its  first  dispersion  ;  these  having  been  the 
result  of  climatic  influence  and  mode  of  life,  and  having  been  chiefly 
influenced  as  to  degree  by  the  length  of  time  during  which  the  trans- 
forming causes  have  been  in  operation.  At  any  rate  it  may  be  safely 
aflirmed,  that  the  Oceanic  races  are  not  entitled  by  any  distinctive  physi- 
cal peculiarity,  to  rank  as  a  group  which  must  have  necessarily  had  an 
original  stock  distinct  from  t^t  of  the  Continental  nations. 


CHAPTER  XVm. 

OF   THE    MODES   OF   VITAL    ACTIVITY    CHARACTERISTIC    OF 
DIFFERENT   AGES. 

853.  Although  from  the  time  when  the  Human  being  comes  into  the 
world,  to  the  final  cessation  of  his  corporeal  existence,  the  various  func- 
tional operations  of  Organic  life  are  carried-on  with  ceaseless  activity, 
whilst  those  of  Animal  hfe  are  only  suspended  by  the  intervals  of  repose 
which  are  needed  for  the  renovation  of  their  organs,  yet  there  are  very 
marked  difEerences,  not  only  in  the  degree  of  their  united  activity^  but  also 
in  the  relative  degrees  of  energy  which  they  severally  manifest^  at  different 
epochs.  These  differences,  taken  in  connection  with  the  modifications  in 
the  size  and  conformation  of  the  body  with  which  they  are  in  relation, 
mark-out  the  whole  term  of  life  into  the  various  *  Ages,'  which  are  com- 
monly recognized  as  seven,  namely  Infancy,  Childhood,  Yputh,  Adoles- 
cence, Manhood,  Decline,  and  Senility.  For  Physiological  purposes, 
however,  a  less  minute  subdivision  is  equally  or  perhaps  more  appropriate ; 
namely,  the  three  great  periods  of  Growth  and  Development^  of  Maturity 
and  of  Decline,  The  first  comprehends  the  whole  of  that  series  of  opera- 
tions, by  which  the  germ  evolves  itself  at  the  expense  of  the  nutriment 
which  it  appropriates  from  external  sources,  into  the  complete  organism, 
possessed  not  merely .  of  its  full  dimensions,  but  of  its  highest  capacity 
for  every  kind  of  fimctional  activity ;  this  includes,  therefore,  the  epochs 
of  Embryonic  life.  Infancy,  Childhood,  Youth,  and  Adolescence,  all  of 
which  are  characterized  by  an  excess  of  the  constructive  over  the  de- 
strvctive  changes  taking-place  in  the  organism.  The  second  period  ranges 
over  the  whole  term  of  Manhood,  in  which,  the  organism  having  attained 
its  complete  development,  is  brought  into  vigorous  and  sustained  activity ; 
and  in  which  it  is  maintained  in  a  condition  fitted  for  such  activity,  by 
the  equilibrium  which  subsists  between  the  operations  of  redintegration 
and  of  disintegration.  The  third  period  commences  with  the  incipient 
failure  of  the  bodily  powers,  consequent  upon  the  diminished  activity  of 
the  constructive  powers,  as  compared  with  that  of  the  changes  which 
involve  degeneration  and  decay  ;  this  diminution  begins  to  manifest  itself 
during  the  latter  part  of  Middle  Life,  before  Old  age  can  properly  be  said 
to  commence  ;  and  it  continues  in  an  increasing  ratio  through  the  whole 
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^dfidiise  of  llfe,^  until^  the  reparative  powers  being  exh 
Bupervenea  as  the  necesaary  termination  of  that  loi}^  su 

nomeuA  of  which  Life  consists. 

854.  Although  the  oiganiaation  of  the  body  at  each  epocb  ma^ 
said  to  be  the  resultant  of  all  the  material  chatig^  which  it  hj 
gone  during  tJie  preceding  periods,  yet  it  is  acarcaly  possible  u 
enUrged  view  of  the  case,  without  perceiving  that  we  must  loi 
cause  of  this  succession  in  those  dynamical  conditions,  the  pi 
which  is  the  distinguisbiDg  attribute  of  living  structures.  Every 
live  act,  whether  this  consist  in  Growth  (§  313)  or  in  D^velopmea 
not  merely  requires  matenais  for  the  new  tissue  produced,  hul 
uiX)n  the  active  operation  of  a  fm^natim  pQwej\  without  wboi 
these  materials  would  remain  unorganised,  lu  our  esiaimnalioi 
source  of  the  formative  power  which  we  see  thus  operating  in  i^i 
vidua!  organism  (chap*  l)i  we  found  it  traccihle  to  the  Phiintc 
to  which  it  13  3ubjecte<l  (Ifeat  being  the  one  which  seems  to  b 
directly  upon  the  formative  operations);  these  forces  being-  niefam 
so  to  speaks  into  the  constructive  force  of  the  hving  body,  in  vin 
pecuhar  endowments  of  it^  material  snbatrattim,^ — just  as  an  Ela 
rent  tranamittcJ  through  tlm  different  ner^^es  of  Sense,  pro< 
sensory  impressions  wliicU  are  characteristic  of  each  respectively 
or  aa  the  isanie  cmTcnt,  transmitted  throngh  one  form  of  In  organ 
produces  Ijtght  and  Heat^  through  anotheri  Chemical  Change,  oq 
another,  Magnetism,  But  we  must  also  recognire  in  tlic  On 
large,  as  well  as  in  every  integral  part  of  it  (§  312),  a  certain  cd 
growth  and  development, — which  ts  the  original  eodowment  of  it 
which  not  only  determines  the  mode  in  whicli  it  shall  progrcasivi 
itself  into  the  fabric  cliaracteristic  of  its  speciee  and  sex^  but  all 
the  peculiarities  of  the  individual,— ^which  servea  also  to  brings 
perpetual  reconstruction  thut  is  needed  for  its  continued  mai 
and  is  peculiarly  manifested  in  those  reparative  proc^ssea  MH 
good  losses  of  its  substance  resniting  Jrom  injury  or  dia^^H 
which  the  cessation,  by  preventing  any  ftirtlier  metaTiiorphfWti 
meal  into  Vital  force,  causes  the  constructive  powers  to  Ihil  a 
go  that  the  Organism  is  resolved- back  by  these  very  Ihrcea 
various  ibrma  of  Inorganic  matter  at  the  expense  of  which  it 
built-up. 

855-  Now  this  *  germinal  capacity '  is  most  strikingly  display 
those  earliest  periods  of  existence^  in  which  growth  and  devi 
alike  are  taking-place  most  rapidly  ;  in  ilict,  the  further  we  gK 
the  history  of  intra-uterine  bfe,  the  more  energetic  do  we  p^ 
manifestations  to  be.  For  when  we  look  simply  at  the  tncrtniAe 
minute  point  that  constitutes  the  first  perceptible  germ,  to  ih 
fcetua  of  6  or  7  lbs.  weight,  we  see  that  at  no  other  period  of 
can  that  increase  be  compared  in  its  rate,  witli  that  wliich  prean 
diu-ing  the  nine  months  that  follow  conception ;  and  if  we  go  i 
detail,  we  find  that  it  is  yet  more  remarkable  in  the  earlier  th; 
later  months  (§  857).  So,  again,  it  is  in  the  first  few  weeks  of  c 
Itle,  thnt  the  foundation  is  laid  of  most  of  its  ponnanent  omm 
midst  of  an  apparently -homogeneous  mass  of  cells;  whilst  intha 
ing  weeki,  these  rudiments  are  evolved  into  the  seinhJane^  of  t 


PERIOD   OF  GROWTH   AND   DEVELOPHKin'.  883 

they  are  subsequently  to  present,  and  a  differentiation  of  tissues  b^ins  to 
show  itself  in  their  severjJ  parts ;  so  that  the  developmental  process  is  so 
fiur  advanced  at  little  more  than  half  the  term  of  gestation,  that  the 
foetus  may  even  then,  under  favourable  circumstances,  maintain  an  inde- 
pendent existence  (§  754).  The  rate  of  increase  becomes  progressively 
slower  during  the  advance  from  infency  to  maturity ;  and  the  energy  of 
the  developmental  process  is  comparatively  enfeebled,  being  limited  to 
the  perfecting  of  structures  whose  foimdations  had  been  previously  laid, 
and  in  no  instance  manifesting  itself  normally  in  the  evolution  of  a  new 
part  or  organ.  Now  as  there  is  no  limit  (in  the  well-nourished  indi- 
vidual) to  the  supply  of  Food  and  Warmth,  it  follows  that  this  gradual 
decline  of  formative  activity  must  be  due  to  a  diminution  of  the  capacity 
for  that  activity,  inherent  in  the  organism  itself;  and  this  diminution  is 
still  more  strongly  marked  by  that  entire  cessation,  both  of  increase,  and 
of  further  developmental  changes,  which  constitutes  the  termination  of 
the  first  period.  For  the  organism  which  has  attained  that  stage  of  its 
existence,  has  so  far  lost  the  formative  capacity  which  characterized  its 
earlier  years,  that,  however  copious  the  supply  of  food,  however  abimdant 
the  generation  of  heat,  it  can  thenceforth  do  no  more  than  maintain  its 
normal  condition,  and  can  effect  this  for  only  a  limited  term  of  years. 
It  seems  a  necessary  sequence  of  this  series  of  phenomena,  that  the  time 
should  come,  when,  after  a  period  of  gradual  decline,  the  germinal 
capacity  of  the  organism  should  be  so  much  reduced  as  no  longer  to  suffice 
for  the  maintenance  of  its  own  integrity  ;  and  whenever  such  is  the  case, 
the  termination  of  its  existence  as  a  living  body  must  be  the  necessary 
result.  Hence  we  find  that  there  is  a  natural  limit,  not  only  to  the  size 
and  development  of  the  organism,  but  also  to  the  duration  of  its  life. 
And  although  that  limit,  in  each  case,  is  subject  to  variation  amongst 
individuals^  partly  in  consequence  of  diversity  of  external  conditions,  but 
partly  (it  may  be  surmised)  through  differences  in  the  measure  of  ger- 
minal capaci^  possessed  by  each,  yet  there  is  a  limit  also  to  these  varia- 
tions, so  that  the  character  of  the  species  is  never  departed-from. 

856.  Period  of  Growth  and  Development, — The  general  history  of  the 
first  part  of  this  period,  that  of  Embryonic  existence,  has  already  been  so 
fully  given,  that  it  is  only  necessary  here  to  remark  briefly  in  regard  to 
the  character  of  its  vital  operations,  that  the  whole  nisus  of  its  activity  is 
directed  rather  to  the  performance  of  the  vegetative  or  organic  than  to  that 
of  the  animal  functions;  the  action  of  the  heart,  and  the  occasional  reflex 
movements  of  the  limbs,  being  its  only  manifestations  of  nervo-muscular 
power.  And  thus  it  seems  to  be  that  the  formative  capacity  is  greater 
during  embryonic  life,  than  at  any  subsequent  period,  and  greater  in  its 
earlier  than  in  its  later  stages ;  so  that  we  have  not  only  evidence  of  an 
extraordinary  power  of  r^enerating  parts  which  have  been  lost  by  disease 
or  accident,  as  seen  in  attempts  at  the  reproduction  of  entire  limbs  after 
their  *  spontaneous  amputation '  (§  343) ;  but  there  is  also  not  unfre- 
quently  an  absolute  excess  of  productive  power,  as  shown  in  the  develop- 
ment of  supernumerary  organs,  which  may  even  proceed  to  the  extent 
of  the  complete  duplication  of  the  entire  body,  by  the  early  subdivision 
of  the  embryonic  structure  into  two  independent  halves  (§  339). — It  is 
to  be  noticed,  also,  that  the  embryo  derives  its  supply  not  merely  of  food 
but  also  of  heat^  from  its  maternal  parent ;  and  it  is  probably  owing 
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M)ecially  to  the  constancy  witli  wKidi  this  force  operates^  that  iBe 
of  embryomc  development  is  so  unifonu  in  Man  (as  m  wbitji-I 
AninialB  general! j),  by  conipanson  with  tlie  ciorrespontliog  deTdopmeattl 
periods  in  Plants  and  cold-blooded  AfiirniUs,  these  beiiig  entirtily  iott^ 
mined  by  the  degree  of  heM  to  which  the  embfjoes  are  subjecteiL 

857,  It  is  freqnently  of  great  importiince,  both  to  the  PmctitiQtier  wsd 
to  the  Medical  Jurist,  to  be  able  to  determine  tlie  a<fif  of  a  Fcrtiis  froa 
the  physical  clmracters  which  it  presents ;  and  tJie  following  table 
been  framed  bj  Devergie*  in  order  to  facilittite  mich  detenuinatinii.  It 
to  be  remarked,  however,  that  the  ahsoiute  length  and  fresffkt  of 
Embryo  are  much  less  safe  criteria  than  its  drgrcc  nf  d^i.^fopmtni^  ai  ii 
(Mcaiad  by  the  relative  cvohition  of  tlie  several  paria  which  tniiie  Uw 
appeai'anca  successively.  Thus  it  is  very  possible  for  one  child  bon>  •* 
the  full  time^  to  weigh  less  tlian  another  born  at  8  or  even  at  7  mouti*; 
its  lengthy  too,  may  be  inferior ;  and  even  the  jwsition  of  tJie  mMU  po»9l 
of  the  body  is  not,  taken  done,  a  safe  criterion,  since  it  is  liable  to  v«ni- 
tion  in  individuals,^ 

Emhr^a  3  io  i  w€ehs. — It  h*»  the  form  of  ft  terpent ;— jl»  hv^glh  tmm  S  to  i  liMi^ 

Ita  licmd  bdidiied  by  a  i welling  ;— itii  nudaj  cxtr«mltj  (la  vkldii  b  «eai  a  ^UM  Ik^ 
indjcatii]^  the  contmniitioa  of  the  mcJulla  epinaliA),  tletidef,  mud  tAtmiBktlqf  ia  tki 
nmbLlIcal  cord  ; — the  nioutb  laUicated  hy  ft  clcfti  tbe  cjm^  bj  two  biftek  pomts  ;'BI«^ 
btirs  begin  to  »ppe^  as  mpplti-like  protubefaocea  ; — ^lUer  oceapiei  the  whole  mb' 
— ^tbc  bladder  \e  very  large  ^— the  chorioa  la  viLlou^  bat  ita  TUloftltiea  are  ctijl  i 
OY©r  tbe  whole  Bqrface. 

£mbr^i)  of  0  w?fdb,— Its  length  from  7  to  10  liaai  ,^— Ite  weight  from  40to  7S|. 
^*fac«  dbliiict  from  enataai ;— ^pertura  of  nose,  mi)atb,  e/ftAt  uad  ean  pe;iEvpt)bl«  ^* 
ht»d  dblmet  from  thoimx  ; — biads  aad  fore-amu  in  the  middle  of  tbe  lesfth  ;  itftn 
distinct  ;~legB  and  feet  litiiated  ne»t  the  ftaua  ;— ekirtele  and  mftxilUfj  boa«  pxvmtA  i 
point  of  OBii&cfttion  ; — distinct  ambilicitfl  for  att&chment  of  cord,  vbich  «%  iJiai  lia* 
coofiists  of  tbe  ompbdo^meeenio  Tenehi,  of  a  portion  of  the  iiz^ohoa,  of  a  put  tiAkt 
U3te»tinftl  tabe«  sad  of  filamenta  whicb  represent  tbe  umbilical  reasela  ;^lim  jhamM 
begiaa  W  be  fonnixl  ; — the  dhoiion  still  sepanted  from  the  ftmnion  ; — |E«  nmffifJ 
Tesicle  very  lu-gE. 

Fn^rffo  of  2  iiiohMa.— Length  from  16  ta  19  lioa  ;— %ei^t  ftttm  1£<I  Id  W 
gtaiai  ;^dbow«  and  wmR  d«tftched  from  tbe  tronk  ;—bee1a  and  kse«a  alao  boktel ; — 
radnaentB  of  tbo  noee  aad  of  tbe  Ups  ;  palpebral  drcle  begin nln«:  to  ibow  liaelf ; — elllM 
or  peak  apparent ; — aoaa  marked  hj  a  dark  spot : — rudimi^ntH  of  Uafa,  tpttcs^jwj  mp 
renAl  cftpaulea  j~cs90uid  pUced  behind  tbe  umhilkoa  ; — digestive  ^4ad  with^lravn  u 
the  abdomen  ;— uriiehxift  Tisible  ;  — oflneoua  poinU  in  tbe  frontid  bone  ai^d  in  Uiv  riU  ;-< 
ohonon  oommendiig  to  ton  eh  the  amnion  at  the  p^dnt  oppoaito  the  inaeTliqn  «C  1 
placenta  ; — phw?cnta  boginB  to  iiaaume  it§  re^Iar  form  ; — umhiUeal  veseela 
twisting. 

Embr^n  o/3  m&i^hin^Leagih  from  S  to  2|  indbes ; — weigbt  from  1  oz.  to  1|  ^l  (T^H 
— hf)Bd  volnmiDOiu  ] — sjellda  In  ooatact  by  their  free  margin  ;— membnua  fiupUIani 
TisiblQ  ;— mouth  dosed ; — fingers  complctcij  separated  ;—Iiifmor  estrvm  it  ica  lif  £r«alcf 
length  than  rudimentary  tail ;— elitoria  and  perns  very  long  ^^thymns  aa  well  a*  ttipn^ 
reniil  capsules  pitEsent; — cipcum  phiced  below  the  itmhilicas  ; — cvrcbrnm  5  Uutm^  cwv^ 
bellom  4  tineSf  meduIEa  oblongata  1 1  ]in«,  and  medulla  spinalis  j  of  a  line^  in  fttaaidttr ; 
— two  T«iiiricles  of  heart  distinct  ;^tb«  decidna  ledexa  aad  deeidna  ut^iM  tA  ««- 
tact  -,^funi»  contains  umbilical  vessels  and  a  llttla  of  tbf  ^Ulilue  of  Wart^oA  i^ 
plaeenta  compretely  isolated  ;—nmhilical  Teaicle^  allaalois,  uid  rifii|ibsln  miatlih 
T^Esels  hftTe  disappeared. 

Faitts  of  i  mo iteA*,— Length  fi  to  6  bcbes  j^weifbl  S}  to  S  ot. ;— akJa  t«^^  id*^ 
tably  dense  ;—moulh  tery  latg^  and  open ;— mombmna  papOiaria  verj  evident  ^^n»Sk 

*  *•  M^decme  L£gak,"  Slime  odiL  torn.  L  p,  279, 

t  See,  on  this  lut  poiat,  Moreaa  in  ''Laucette  Fran^MaB,"  1837  ;  and  th. 
in  **  Guy 'a  Hospital  Reports,"  1S42* 
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b^in  to  appear ; — ^genital  organs  and  sex  distinct  ;^-c»cam  placed  near  the  right 
kidney; — gall-bladder  appearing; — meconiam  in  duodenum ;^8Bcal  Talve  visible; — 
umbilicus  placed  near  pubis  ;^8sicula  auditoria  ossified  ;~point8  of  ossification  in 
■uperior  part  of  sacrum; — membrane  forming  at  point  of  insertion  of  placenta  on 
uterus ; — complete  contact  of  chorion  with  amnion. 

PcOus  of  5  months, — Length  6  to  7  inches ; — weight  5  to  7  oz. ; — ^rolume  of  head  still 
comparatively  great ; — nails  very  distinct ; — hair  banning  to  appear ; — skin  without 
sebaceous  covering; — white  substance  in  cerebellum; — heart  and  kidneys  very  volu- 
minous ; — caecum  situated  at  inferior  part  of  right  kidney ; — gall-bladder  distinct ; — 
germs  of  permanent  teeth  appear ; — points  of  ossification  in  pubis  and  calcaneum ; — 
meconium  has  a  yellowish-green  tint,  and  occupies  commencement  of  large  intestine. 

Foetus  of  6  months, — Length  9  to  10  inches; — weight  1  lb.; — skin  presents  some 
appearance  of  fibrous  structure ; — eyelids  still  agglutinated,  and  membrana  pupiUaria 
remains ; — sacculi  begin  to  appear  in  colon ; — funis  inserted  a  little  above  pubis ; — face  of 
a  purplish  red  ; — hair  white  or  silvery ; — sebaceous  covering  begins  to  present  itself ; — 
meconiam  in  large  intestine ; — liver  dark-red  ; — gall-bladder  contains  serous  fluid 
destitute  of  bitterness  ; — testes  near  kidneys  ; — ^points  of  ossification  in  four  divisions 
of  sternum  ; — ^middle  point  at  lower  end  of  sternum. 

Foetiis  of  7  montlis, — Length  13  to  15  inches ; — ^weight  3  to  4  lbs.  ;— skin  of  rosy 
hue,  thick,  and  fibrous  ; — sebaceous  covering  begins  to  appear  ; — nails  do  not  yet  reach 
extremities  of  fingers  ;— eyelids  no  longer  adherent ; — membrana  pupillaris  disappear- 
ing ; — a  point  of  ossification  in  the  astragalus ; — meoonium  occupies  nearly  the  whole  of 
large  intestine  ; — valvules  conniventes  begin  to  appear ; — caecum  placed  in  right  iliao 
fossa  ; — left  lobe  of  liver  almost  as  Urge  as  right ; — gall-bladder  contains  bile ; — ^brain 
possesses  more  consistency ; — testicles  more  distant  from  kidneys ; — middle  point  at  a 
little  below  end  of  sternum. 

Foettis  of  8  months, — Length  14  to  16  inches ; — weight  4  or  5  lbs. ; — skin  covered 
with  well-marked  sebaceous  envelope  ; — nails  reach  extremities  of  fingers ; — membrana 
pupillaris  becomes  invisible  during  this  month  ; — ^a  point  of  ossification  in  hist  vertebra 
of  sacrum  ; — cartilage  of  inferior  extremity  of  femur  presents  no  centre  of  ossification ; 
— ^brain  has  some  indications  of  convolutions ; — testicles  descend  into  internal  ring ; — 
middle  point  nearer  the  umbilicus  than  the  sternum. 

Fostus  of  9  mofUhSf  the  full  term, — Length  from  17  to  21  inches ; — weight  from  5  to 
9  lbs.,  the  average  probably  about  64  lbs.; — head  covered  with  hair  in  greater  or  less 
quantity,  of  from  9  to  12  lines  in  length  ;— skin  covered  with  sebaceous  matter,  espe- 
cially at  bends  of  joints ; — membrana  pupillaris  no  longer  exists ;  external  auditory 
meatus  still  cartilaginous ; — four  portions  of  occipital  bone  remain  distinct ; — os  hyoides 
not  yet  ossified  ; — point  of  ossification  in  the  centre  of  cartilage  at  lower  extremity  of 
femur  ; — white  and  grey  substances  of  brain  become  distinct ; — liver  descends  to  um- 
bilicus ;  —testes  have  passed  inguinal  ring,  and  are  frequently  found  in  the  scrotum  ; — 
meconium  at  termination  of  large  intestine ; — middle  point  of  body  at  umbilicns,  or  a 
little  below  it. 

858.  From  the  time  of  its  entrance  into  the  world,  the  condition  of  the 
Human  Infant  is  essentiallj  changed.  It  is  no  longer  supplied  with 
nutriment  by  the  direct  transmission  of  organizable  materials  from  the 
circulating  fluid  of  the  mother  to  its  own ;  but  obtains  it  by  the  processes 
of  digestion,  absorption,  and  assimilation,  which  involve  the  establishment 
of  new  modes  of  vital  activity  in  its  own  organism.  In  order,  however, 
that  the  change  may  not  be  too  sudden,  the  nutriment  provided  by 
Nature  for  the  early  period  of  infantile  life,  is  such  as  to  occasion  the  least 
possible  demand  upon  its  vital  powers,  for  the  preparation  of  the  organiz- 
able material  which  is  required  for  its  further  growth  and  development. 
But  the  transition  is  a  most  important  one  in  another  particular;  the 
infant  is  now  thrown  in  a  great  d^ee  upon  its  own  resources  for  the 
generation  of  its  Heat;  and  this  it  is  enabled  to  accomplish  by  the  com- 
bustion of  a  portion  of  its  food  which  -is  specially  provided  for  the 
purpose,  this  combustion  being  promoted  by  the  arrangements  for  that 
active  Respiration,  which  now  supersedes  the  very  limited  aeration  of  its 
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circulating  fluids  that  was  sufficient  duriiig  fcetal  life.     In  thm 

of  the  r^apiratoiy  muscles  and  of  the  walls  of  the  almieotJiry 

have  a  new  source  of  expenditure  of  vital  force,  and  of  destroy 

tiisue  ;  and  this  expenditure  ia  progressively  au^ente<l^   as  the 

oftliebody  and  limbs  become  increasingly  active.      Thii^  we  fi; 

the  formative  powers  are  not  exercised  during  IcdaDcy  and  Ch 

Bolelj  in  the  canMnictioti  and  augmentation  of  the  Ikbric  (as  tli< 

during  embryonic  life),  «ince  there  is  a  constajit  tleiniuid  upon  th( 

matfitena/iC€ :  and  this  demand  become  greater  and  greater,  in 

tion  to  the  activity  of  the  Animal  powera.     These,  at   first 

exercisse   by    the   stimulus   of   sensory    impressions    upon 

system,  are  apeediiy  brought  into  very  energetic  operatdon,     Th 

ration   is  of  an  extremely   limited  character^  being   at  first  pupd 

sonaij  and  for  wuie  tiTue  aflerwarda  simply  ptrctpttve.      But  lJj€ 

Mind  (such  as  it  ia)  being  given- np  to  it,   habits   ctf  obstrvati 

formed^  which  are  never  sul.>sequently  lost  i  the  Iniant  l^arn^  ^ic 

his  Organs  of  Sense ;  and  he  also  acquires  those  powers  of  inier^ 

their  indications,  which  become  so  completely  engrattel    into  his 

as  hencefortli  to  seem  a  pait  of  it.     Altliough  this  Education  of  ibm 

will  neceaaarily  go-on,  even  without  itny  intentional  asststanceon  ti 

of  others,  yet  it  is  in  the  power  of  the  1M other  or  Nurse  to  pnji 

efiectiialJy^  by  supplying  objects  of  various  kinds  which   the 

look-at  and  gnisp,  and  by  not  abruptly  interfering  (bj  the  too- 

withdrawal  of  such  objects)  with  the  process  by  which   the  vist 

tactile  perceptionB  are  blended  and  barmaniJied  (§  6011), — -The  Jl 

system  of  the  Iniiint,  although  thus  called  into  extraordiDarily- 

lictivity,  cannot  long  sustain  that  activity ;  a  very  large  measure 

is  required  for  the  restoration  of  its  sp^dily-exhaustad  powers ; 

unusual  excitement  of  them  tends  to  injurious  disturbances  of  its 

tion,     It  is  owing  to  this  peculiar  susceptibility  of  the  Kari'ous 

tlie  Infant  to  external  i^uenoes,  that  medicines  (eepaomlly 

which  exert  a  special  influence  upon  that  system,  are  fio  pecuXiiirljr 

in  tlietr  eHecta  at  this  period  of  Hie,  timt  the  greatest  cautioo  ia 

their  administration* 

t*50»  The  most  important  developmental  change  which 
Infancy,  aller  tlie  complete  establishment  of  the  extra^Ut^'ioe  clro 
(§  775),  is  the  completion  and  eruption  of  the  first  set  of  Teet 
greater  part  of  whose  formation,  however,  lias  taken -place 
Those  *miGt*  or  *  deciduous'  teeth,  20  in  mmiber,  tmually 
appearance  in  the  following  order ; — The  four  central  Inciftors 
themselves,  usually  about  the  7th  month  afler  birth,  but  ireq 
ear  her  or  later;  those  of  the  lower  jaw  appear  first.  The  latenJ 
next  show  theme  elves,  those  of  the  lower  jaw  coming- through  befbi 
of  the  itpper ;  they  usually  make  their  ai>pearance  between  the 
10th  mouths.  After  a  short  interval,  tlie  anterior  Mohurs  prog^ni 
selves,  getierally  soon  after  the  termination  of  the  I'itli  montli ; 
are  followed  by  the  Canines,  which  uamdly  protrude  Uiemaelves  h 
the  14th  and  ^Oth  months.  The  posterior  Molars  are  the  laat, 
most  uncertaiji  in  regard  to  their  time  of  appearance ;  ihia  varyiq 
the  1 8th  to  the  36th  month.  In  regard  to  all  except  the  front  teetJ 
is  no  settled  rule  aa  to  the  priority  of  appearance  of  thoae  in  the  u 
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under  jaw ;  sometimes  one  precedes,  and  sometimes  the  other ;  but  in 
general  it  may  be  stated  that  whenever  one  makes  its  appearance,  the 
other  cannot  be  fer  off.  The  same  holds-good  in  regard  to  tiie  two  sides, 
in  which  development  does  not  always  proceed  exactly  part  passu, — The 
period  of  Dentition  is  sometimes  one  of  considerable  risk  to  the  In&nt*s 
life ;  and  this  especially  when  an  irritable  state  of  the  nervous  system  has 
been  brought-about  by  unsuitable  food,  unwholesome  air,  or  some  other 
cause  of  disordered  health.  In  such  cases,  the  pressure  upon  the  nerves 
of  the  gum,  which  necessarily  precedes  the  opening  of  the  sac  and  the 
eruption  of  the  tooth,  is  a  fruitful  source  of  irritation ;  producing  dis- 
turbance of  the  whole  system,  and  giving  origin  to  Convulsive  affections 
which  are  not  unfrequently  &tal.  These  have  been  particularly  studied 
by  Dr.  M.  Hall,  who  recommends  the  free  use  of  the  gum-lancet,  as  a 
most  important  means  of  prevention  and  cure;  but  the  Author  has  no 
doubt  that  too  much  attention  has  been  given  to  the  immediate  source  of 
the  irritation,  and  too  little  to  the  general  state  of  the  system ;  and  that 
constitutional  treatment,  especially  change  of  air,  and  improvement  of  the 
diet,  is  of  fundamental  importance.  In  infants  whose  general  health  is 
good,  and  who  are  not  over-fed.  Dentition  is  usually  a  source  of  but  very 
trifling  disturbance ;  a  slight  febrile  action,  lasting  only  for  a  day  or  two, 
being  all  that  marks  the  passage  of  the  tooth  through  the  capsule ;  and  its 
eruption  through  the  gum  taking-place  without  the  least  indication  of 
suffering  or  disorder.  Any  existing  malady  or  abnormal  tendency,  how- 
ever, is  pretty  sure  to  be  aggravated  during  the  '  cutting  of  the  teeth ;' 
and  it  is  therefore  of  the  greatest  consequence,  that  the  infant  should  be 
withdrawn  during  this  period  from  all  injurious  influences ;  and  that  no 
irregularity  of  diet,  or  deficiency  of  fresh  air  and  exercise,  should  operate 
to  its  disadvantage. 

860.  Although  there  are  no  well-marked  divisions  between  the  periods 
of  Childhood,  Youth,  and  Adolescence,  through  all  of  which  we  witness 
the  continuance  of  the  processes  of  Growth  and  Development  (though  in 
a  gradually-decreasing  ratio),  yet  we  may  appropriately  distinguish  each 
as  the  epoch  of  one  of  those  important  changes  which  tend  towards  the 
completion  of  the  fabric;  namely.  Childhood  as  ranging  through  the 
greater  part  of  the  period  of  the  second  Dentition, —  Youth  as  characterized 
by  that  increased  evolution  of  the  sexual  organs,  and  by  those  general  con- 
stitutional changes  accompanying  that  evolution,  which  altogether  consti- 
tute Puberty, — and  Adolescence  as  distinguished  by  that  entire  consolida- 
tion of  the  Osseous  skeleton,  which  is  not  completed  until  the  frill  stature 
has  been  attained.  It  will  be  convenient  first  to  consider  what  is  common 
to  all  these  periods ;  and  then  to  notice  the  features  by  which  they  are 
severally  characterized. 

861.  The  passage  from  In&ncy  to  Childhood  may  be  regarded  as 
marked  by  the  eruption  of  the  'deciduous'  Teeth  ;  by  the  termination  of 
that  direct  supply  of  food  to  the  offspring,  which  is  afforded  until  then 
by  the  Mammary  secretion  of  the  moUier ;  by  the  dawn  of  the  Intellectual 
powers,  manifested  in  the  first  efforts  at  speaking ;  and  by  the  acquirement 
of  sufficient  control  over  the  muscular  api>aratus,  to  render  it  subservient 
to  the  increasing  desire  which  then  displays  itself  for  independent  Loco- 
motion. All  these  advances  usually  take  place  simultaneously,  or  nearly 
so,  during  some  part  of  the  second  year ;   some  Infimts  being  much  more 
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tbrward  than  otlierSy  both  in  *  cutting  their  teetii*  and  In  learmiig  to  wilt 
and  to  tJilk-     \Yhen  they  have  beea  completed,  the  Cliild  entem  ii|>OQ  i 
hie  which  IB  in  muny  riispecta  new.     The  altera  don  of  its  diet  inrohet 
much  higher  activity  of  all  Uie  organs  which  are  e^^ucwrned  in  makiof 
blood  ;  wliilst  its  greaily*mcrettBed  amount  of  exertion,  both  of  body  lad 
mind^  gives  occasion  to  a  more  rapid  diaintegration  of  Um  nerToas  aa^ 
muscidjir  tissues,  and  hence  to  a  higher  activity  of  tlie  Excretory  otpoxL 
This  will t  of  eouTsc,  progressively  augment,  in  proporlioo  aa  the  Narro- 
muscular  appamtus  is  brought,  with  advancing  yeai^  into  more  rigottmi 
and  more  prolonged  tixcrciae ;  until,  with  the  atLatnment  of  adult  Jigc  the 
diflinlegration  of  these  tissues  cornea  to  be  the  chief  source  of  the  Kxci*- 
men  tit  ions  products.     But  during  the  whole  period  of  iti  crease,  there  h 
another  sourco  of  demand  for  nutritive  activity^  in  that  peq>ettial  rr*c»ii- 
fitnicttoH  of  the  lahric   (involving  a  sort  of  continual  pulMng-down  aod 
rebuilding  on  a  larger  acale^  all  the  old  niateriaJa  being  carried*iiKvj  as 
uscksJi)  which  is  a  necessary  coudttlon  of  its  growlJi :  but  this  demand  ti 
course  slackens  with  the  diminution  of  the  rate  of  increMfie ;  «nd  a$  las  tt 
ceases  altogotherj  just  wlxen  the  other  attains  its  niaximmn.     llenet  Ae 
demand  for  food,  on  the  one  liand,  and  the  amount  of  eJccreCocj  timster 
set*  free  from  tlie  body,  on  the  other,  are  remarkably  lurgo  dminie  the 
whole  of  this  period;  the  child  j  as  every  one  knows,  consuming  tar  niwrr 
nutriment  tlian  the  adult,  in  proportion  to  the  weight  of  their  rwsjx^ctivi! 
bodies ;  and  the  Hike  being  true  of  the  quantity  of  carbonic  acid  cxbAlod 
from  the  lungs  (§  288,  in.)i  ^nd  of  the  urea  giveu*off  from  the  kidin^ji 
{§  3*J2).— That  tlie  germinal  capacity,    though  inferior  tti   that  vf  i^v 
embr)'0j  still  persists  in  a  high  degree  during  the  period  of  chihihood  and 
youth,  is  sliown  in  the  readiness  wdth  wliich  tiie  effects  of  ittjuriei  aaid 
disease  are  recover ed-froni ;   for  although   the  regeneration  of  lost  pola 
does  not  take-place  to  nearly  the  same  extent  as  during  early  embrvoBiie 
life,  yet  up  to  a  certain  point  it  is  effected  with  great  eompleteneaiit  and 
with  much  greater  rapidity  than  at  later  epocha.   It  ia  slill^  in  fiuA,  ntthcr 
in  tlie  exercise  of  formative  power^  than  in   the  production  of  ticoro- 
muBcular  vigour,  Uiat  the  vitiil  force  of  the  earlier  part  of  tliis  period  ia 
displayed ;    and  we   may   readily  trace  such  a  relation    of  reci|^m1y 
between  these  two  modes  of  its  manifestation,  as  is  strongly  indicauve  «f 
the  community  of  their  soiu-cc.    For  it  is  familiar  to  every  observe,  tlmlt 
when  the  growth  of  a  cliild  or  a  young  person  is  peculiarly  quick,  hia 
nervo-muHcuiar  energy  ie  usually   feeble,  and  his  power  of  etidtirMaoa 
brief,  in  conqianson  with  that  which  can  be  put-forth  by  one  wboaft 
frame  is  undergoing  less  ra[ud  increase.     And  we  observe,    moreo'vcr, 
that  the  capacity  of  resistance  to  deiiressing  influences  of  r^otis  kindfi 
which   is  a  no  leea  decided  manifestation   of  the  vital  power  of  lh# 
organism  (sedng  that  these  in£uenoes  are  of  such  a  kind  as  to  iendimeardi 
its  death),  is  pOBBeaaed  by  the  latter  in  a  far  higher  degree  thmn  by  iht 
former.     This  ia  remarkably  the  case  in  regard  to  privation  of  food  mi»d 
depressioii  of  external   temperature  j    tinder  wliich,  toOj  ehildreii  and 
young  persons  succumb  much  more  speedily  tlian  adults. 

8G2,  It  is  most  interesting  to  trace,  during  the  progress  of  tbe  dereJo^ 
ment  of  the  bodily  fabric,  the  gradual  expansion  and  invigoration  of  ib^ 
Mental   powers.     The   acquirement  of  Language  consututes  tlio 
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important  step  in  the  development  of  the  ideational  consciousness;  and  it 
is  easy  to  recognize  in  the  psychical  manifestations  of  Children,  the  further 
progress  of  that  development.  The  formation  of  Associations  between 
ideas  takes-place  with  extraordinary  readiness  and  tenacity  during  the 
earliest  period  of  childhood ;  and  these  exercise  so  much  influence  over  the 
succession  of  the  thoughts  during  the  whole  remainder  of  life,  that  "  the 
force  of  early  associations"  has  become  proverbial.  Out  of  these  asso- 
ciations arise,  on  the  one  hand,  Memory  and  Imagination ;  on  the  other 
hand,  those  simple  processes  of  Reasoning  which  are  necessary  to  the 
development  of  a  higher  class  of  ideas.  Thus  the  mind  passes  from 
those  primary  notions  of  individual  objects  which  are  directly  suggested 
by  sense-perceptions,  to  those  abstract  ideas  of  their  qualities,  which 
enable  them  to  recognize  those  qualities  elsewhere,  notwithstanding  the 
existence  of  differences  in  other  respects;  and  thence  to  those  general 
ideas,  in  which  the  abstractions  are  embodied.  In  all  these  processes,  the 
child-mind  seems  to  be  so  entirely  concentrated  upon  the  particular  sub- 
ject of  its  thoughts,  as  to  be  *  possessed '  by  it  for  the  time,  almost  as 
completely  as  a  *  biologized '  subject  is  by  his  dominant  idea ;  and  no  pro- 
longed study  of  it  is  required  to  justify  the  statement,  that  its  operations 
.  are  for  some  time  entirely  automatic,  and  that  the  acquirement  of  Voli- 
tional .control  over  them,  on  the  part  of  the  individual,  is  a  very  gradual 
process.  As  a  general  rule  it  may  be  laid-down  that  the  activity  with 
which  the  formation  of  new  ideas  takes-place  in  the  child,  and  the  rapidity 
with  which  the  attention  transfers  itself  from  one  object  to  another,  pre- 
vents any  single  state  from  fixing  itself  durably  in  the  consciousness,  so 
that  the  Memory  preserves  but  faint  traces  of  the  greater  part  of  what 
passes  through  the  mind ;  and  it  is  (for  the  most  part)  only  when  the 
same  thoughts  are  frequently  recurred-to,  that  they  take  root  (so  to  speak) 
in  the  psychical  nature.  Still  we  occasionally  find  that  particular  im- 
pressions exert  a  very  powerful  influence  on  the  subsequent  course  of 
thought  and  feeling ;  and  there  is  good  reason  to  believe  that  even  where 
the  consciousness  loses  its  hold  over  them,  impressions  of  a  transient  nature 
may  leave  such  traces  in  the  Brain,  that  they  may  be  reproduced  at  any 
future  time  when  the  appropriate  suggestion  may  happen  to  be  supplied. 
— Whilst  the  ideational  consciousness  is  thus  being  expanded  and  ele- 
vated, the  Emotional  part  of  the  P^chical  nature  is  rapidly  acquiring  a 
greater  range  and  intensity  of  action.  The  infant  and  yoimg  child  give 
ample  evidence  in  their  actions,  of  the  several  forms  of  Emotional  Sensi- 
bility which  connect  themselves  with  Sensational  and  Perceptive  states ; 
but  no  sooner  does  the  development  of  Ideas  commence,  than  the  various 
modifications  of  *  feeling '  attach  themselves  to  these ;  and  thus  almost 
every  thought  that  is  not  a  purely-intellectual  abstraction,  comes  to 
possess  more  or  less  of  an  Emotional  character.  Here,  again,  we  trace 
the  powerfiil  influence  of  early  impressions ;  for  notwithstanding  that  the 
state  of  feeling  which  is  habitual  to  each  individual  may  depend  in  great 
degree  upon  his  original  constitution,  yet  it  is  unquestionable  that  it  is 
largely  influenced  (especially  in  its  association  with  particular  classes  of 
ideas)  by  sympathy  with  the  like  states  in  those  among  whom  the  child 
receives  its  early  education.  It  is  of  peculiar  importance,  therefore,  that 
this  example  should  be  such  as  it  is  wholesome  for  the  child  to  imitate ; 
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muce  h  is  upon  the  habits  of  feeling  thus  early  farmed,  that 
jtteaa  and  right  conduct  of  after-life  mainly  depend.       Tt 
(whioh  Epplies  with  yet  greater  force  to  the  Mond  Sense)  may  At  fim 
Beetn  incoudeteut  with  the  well-known  fact  that  the  Emotions  of  chilfirai 
ore  peculiarly  tmnsient  in  their  character,  even  when  they  are  Tiolcaiti; 
excited ;  one  state  of  feeling  giving-place  to  another,  even   of  the  mm 
opposite  kind^  under  the  iiiilnenc«  of  some  new  impreasion  or  of  amne 
change  in  the  direction  of  the  ideas.      But  the  same  ganer^  prittci|»i« 
appli^  to  this  case^  as  to  the  formation  of  habits  of  tbaught ;  namtlj,  thai 
although  individuiLl  impressions  are  more  speedily  di^pated  horn  tiba 
raiuda  of  children  than  from  those  of  adults,  yet  that  when  ImpresaioM  of  ^ 
the  same  kind  are  fr^nently  repeated,  the  brain  grows- to  them  Ln  sudi 
manner  that  they  come  to  take-part  (as  it  were)  in  its  ordinarj  working 
and  thus,  by  establishiug  a  particular  mode  of  nutritive  a^imilation,  ihcy 
tend  to  perpetuate  this  acquired  habit,  of  whatever  natin-e  it  be. — The 
right  training  of  the  Emotional  tendencies,  and  aU  the  higher  tiaes  of  the 
Intellectual  Faculties,  depend  in  great  degree,  as  may  readily  be  ahowUj 
the  influence  of  the  Will  in  {Hrecdng  the  current  of  thought  and  f« 
and  tlm  becomes  greater  and  greater,  if  rightly  cultivated,  with  the  adi 
of  years,  so  that  the  psychical  powers,  whilst  themselves  acquiriitg 
increase  of  vigour  and  comprehensiveness,  are  brought  more  mnd 
under  the  control  of  the  individual,  and  can  be  utilized  in   any  w»T  in 
whicli  he  may  choose  to  employ  them.     Thus  with  a  diminishing  miMitf 
of  thought  and  excitabilitif  of  feeling,  the  Mind  becomes  mare  and  man 
capable  of  mstaimd  and  detenmnateltf -concentrated  activity :  and  is  it 
the  same  lime  progressively  acquiring  that  store  of  familiar  ^^/j^riei^, 
which  not  only  constitutes  the  basis  of  all  attainments  in  speciid  depart^ 
menta  of  knowledge,  but  supplies  (when  judiciously  used)  that '  cominaii- 
iense  ■  by  which  we  form  most  of  our  judgments  and  direct  most  of  our 
conduct.^ — During    this   period,   moreover,   the  Muscular  apparatus  of 
Animal  life,  whose  actions  are  at  first  purely  automatic,  is  brought  toon 
and  more  under  the  direction  of  the  Mind,  so  as  to  express  its  ideaa,  iti 
feelings,  and  its  volitions.     And  it  is  whilst  this  transference  is  goingHS^ 
that  new  habits  of  action  are  mo»t  readily  formed,  and  when  oooe  ^amtd^ 
are  durably  impressed  upon  the  organism  (§§  408,533|  063), — ^The  exicea 
which  must  exists  during  the  whole  of  this  |Hiriod,  in  the  mn^irueiict  ofcr 
the  destructive  activity,  and  the  large  amount  of  the  latter  whidk  (at 
already  sho¥m)  arises  out  of  tlie  very  nature  of  Growth,  in  additiodi  lo 
that  which  proceeds  &om  the  increased  activity  of  the  Aninml  func<i0ii% 
necessitates  a  much  larger  proportion  of  repose  than  su^ces  for  the  aditlt; 
but  this  necessity  diminlaliea  witli  the  progress  of  years,  for  the  remmam 
already  mentioned ;  and  thus  we  find  that  whilst  the  young  child  fmmm 
16  or  IS  hours  a  day  in  sleep^  half  that  time  sulfices  for  the  youtii  jiiit 
entering  on  manhood* 

HQ3,  The  Second  Dentitiony  consisting  in  the  replacement  of  lh» 
dtcidmm  or  *  milk '  Teetli  by  the  pa^mnerit  Teeth  thftt  mitkseed  fiHtmsL 
which  is  the  most  important  developmental  change  that  occurs  dafsag 
the  period  of  Childhood,  normally  commences  in  the  7th  or  8ll»  ymx : 
the  germs  of  the  new  teeth,  however,  aie  formed  long  previoioidy,  luirtli^ 
their  origin  in  a  process  of  gemmation  from  the  tooth -ssics  ei  this  tOB- 
porary  teeth,  which  takes-plaoe  at  a  very  early  period  in  the  deveki^aMnl 
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of  the  latter.  The  three  permanent  Molars  on  either  aide  of  each  jaw, 
however,  have  no  such  origin  :  since  they  do  not  replace  temporary  teeth. 
The  first  pair,  which  usually  make  their  appearance  behind  the  temporary 
molars,  either  contemporaneously-with,  or  a  little  anteriorly-to,  the  first 
shedding  of  the  deciduous  teeth,  are  really  *  milk '  teeth,  so  fiur  as  their 
origin  is  concerned,  since  they  are  developed  from  primitive  tooth-sacs  : 
on  the  other  hand,  the  second  true  molars,  which  afterwards  come-up 
behind  them,  are  evolved  from  tooth-sacs  which  hold  the  same  relation 
to  those  of  the  first,  as  the  tooth-sacs  of  the  other  permanent  teeth  do  to 
those  of  the  deciduous  teeth  which  they  replace;  and  the  third  true 
molars,  or  dentes  sapientice^  bear  the  like  relation  to  the  second.  Although 
the  eruption  of  the  true  molars  is  so  long  postponed,  yet  the  foundation 
of  them  is  laid  at  an  earlier  period ;  for  the  papilla  of  the  first  is  distin- 
guishable at  the  16th  week  after  conception,  that  of  the  second  at  the  7th 
month  after  birth,  and  that  of  the  third  at  the  6th  year.  In  the  suc- 
cessive replacement  of  the  *  milk '  teeth  by  the  *  permanent '  set,  a  very 
regular  order  is  usually  followed.  The  middle  Incisors  are  first  shed  and 
renewed,  and  then  the  lateral  Incisors.  The  anterior  *  milk '  Molars  next 
follow ;  and  these  are  replaced  by  the  anterior  Bicuspid  teeth.  About  a 
year  afterwards,  the  posterior  *  milk '  Molars  are  shed,  and  are  replaced 
in  like  manner  by  Bicuspid  teeth.  The  Canines  are  the  last  of  the  *  milk ' 
teeth  to  be  exchanged ;  in  the  succeding  year,  the  second  pair  of  the  true 
Molars  appear ;  but  the  third  pair,  or  dentes  sapientice,  are  seldom  deve- 
loped until  three  or  four  years  subsequently,  and  often  much  later. 

864.  It  has  been  proposed*  (and  from  the  evidence  adduced  in  its 
fiivour,  the  proposition  would  seem  entitled  to  considerable  attention)  to 
adopt  the  successive  stages  in  the  Second  Dentition,  as  standards  for 
estimating  the  physical  capabilities  of  Children,  especially  in  regard  to 
those  two  periods  which  the  Factory-Laws  render  it  of  the  greatest  im- 
portance to  determine :  namely,  the  ages  of  nine  and  thirteen  years. 
Previously  to  the  former,  a  Child  is  not  permitted  to  work  at  all  ^  and 
up  to  the  latter,  it  may  be  only  employed  during  nine  hours  a  day.  The 
necessities  or  the  cupidity  of  Parents  are  continually  inducing  them  to 
misrepresent  the  ages  of  their  children ;  and  it  has  been  found  desirable, 
therefore,  to  seek  for  some  test,  by  which  the  capability  of  the  Child  may 
be  determined,  without  a  knowledge  of  its  age.  A  standard  of  Height 
has  been  adopted  by  the  Legislature  for  this  purpose ;  but  upon  grounds 
which,  physiologically  considered,  are  very  erroneous ;  since,  as  is  well 
known,  the  tallest  children  are  frequently  the  weakliest  (§861).  Accord- 
ing to  Mr.  Saunders,  the  d^ree  of  advance  of  the  Second  Dentition  may 
be  regarded  as  a  much  more  correct  standard  of  the  d^ree  of  general  de- 
velopment of  the  organic  frame  and  of  its  physical  powers;  and  it  appears 
from  his  inquiries,  that  it  may  be  relied-on  as  a  guide  to  the  real  age  in 
a  large  proportion  of  cases ;  whilst  no  serious  or  injurious  mistake  can 
ever  arise  fit)m  its  use.  It  may  happen  that  local  or  constitutional  causes 
may  have  slightly  retarded  the  development  of  the  Teeth ;  in  which  case 
the  age  of  the  individual  would  rather  be  under-estimated,  and  no  harm 
could  ensue  :  on  the  other  hand,  instances  of  premature  development  of 
the  Teeth  very  rarely,  if  ever,  occur ;  so  that  there  is  little  clanger  of 

*  ''  The  Teeth  a  Test  of  Age,  coniidered  with  reference  to  the  Factory  Children.**  By 
Edwin  Saunders. 
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imputing  to  a  Child  a  capability  for  exertion  whicli  lie  does  not 
aa  the  test  of  height  is  continually  domg.  iloreover,  if  such  an  adTaoce 
in  DenUtiou  should  occur,  it  might  probably  be  regarded  as  indiGalare  d 
a  correipoiiding  advance  in  the  deveJopraent  of  the  whole  orgittitam ;  fo 
tiltat  the  real  caprability  woidd  be  such  as  the  teeUi  represent  it* — Tl»e 
following  ia  Mr.  Saunders's  statement  of  the  Age#  at  which  tlje  '  penna- 
nent*  Teeth  respectively  appear:— The  first  true  Molars  UBually  pre- 
Bent  thetoselves  towards  the  end  of  the  7th  jea^*  OccasiotiaHy  otse  g^ 
them  protrudes  from  the  gum  at  it,  or  more  frequently  at  6|  yeftrt  of 
age  ;  but  the  evolution  of  the  whole  of  them  may  be  regarded  i 
infnlHble  aign  of  the  Child  being  7  years  old.  In  other  instiittcaa, 
the  tfioth  on  one  side  of  the  month  ia  freely  developed^  it  is  fair  to  recko 
the  two  as  having  emerged  from  their  capsules ;  since  Uie  development  < 
tlie  other  must  be  considered  as  retarded.  This  rule  only  bolda 
however^  in  regard  to  teeth  in  the  same  row  ;  for  the  development  i 
teetl]  in  either  jaw  must  not  l>e  inferred  from  that  of  the  correap 
teeth  in  the  other.  With  thta  understanding,  the  fbilowiog  t»b 
probttl>ly  lie  very  iiear  the  truth  : — 

Ceiitnil  iDciiOfi  developed  a!  >    .    .    i     <     .      8  jcus. 
Lateral  InclBon    «.»,,,..     ^     *       ^    rw 

First  Bicttspid 10     „ 

Seoond  Bicuspid    .     .     *     «     *     <     *     r     .     *  1 1     „ 

GafiiBM. 12    t«»  1S| 

Seeoml  Mokn      *.....*...  12|  tii  14 

The  following  are  the  results  of  the  application  of  this  teal,  in  i 
number  of  eases  eacamined  by  Mr.  Saunders.  Of  708  children  of  mim 
years  old,  530  would  have  been  pronounced  by  it  to  be  near  the  eomfilt* 
tion  of  their  nMh  year;  having  the  central ^  and  either  three  or  four  bimli 
iucisors  fully  developed.  Out  of  die  remaining  178,  it  would  liave  Imli* 
Gated  that  126  were  8^  years  old,  as  they  presented  otie  or  two  oC  tfa« 
lateral  Incisors ;  and  tlie  52  otliers  would  have  been  pronouaced  B  ymx% 
old,  all  having  three  or  ibur  of  the  central  Incisors.  So  that  the  ejctmti^ 
deviation  is  only  12  moaths;  and  this  in  the  inconsiderable  proportioii 
(when  comfTared  with  the  results  obtained  by  other  means)  of  52  Iei  708, 
or  7^  per  cent.  Again,  out  of  838  children  of  13  years  of^nge,  204  rniglil 
have  been  pronoun (^  with  confidence  to  be  of  that  age  ;  Imvirig  tlie 
Canines,  Bicuspid,  and  second  Molars,  either  entirely  developed^  or  wilh 
only  the  deileiency  of  one  or  two  of  either  class.  Of  the  44  otlicss,  S6 
would  have  been  considered  as  in  their  13th  year,  Imving  oue  of  the  pos- 
terior Molars  develop^;  and  8  as  near  tl»e  completion  of  the  iShh, 
having  two  of  the  Canines^  and  one  or  two  of  the  second  Bieus|>id.  la 
all  these  instances  the  error  is  on  tlie  favourable  side^ — ^thafc  b^  on  t3» 
side  on  which  it  is  calculated  to  prevent  injury  to  the  objects  of  th« 
inquiry  |  in  no  instance  did  this  test  cause  a  Child  to  be  astiaiat^d  «i 
older  or  more  fit  for  labour  than  it  really 

*  The  value  of  tbii  test,  &s  compiir«l  with  that  of  Height,  is  miuiifbiied  bf  m  i 
example  oddaeeJ  by  Mr,  ^Saundi^rtj.  The  height  of  one  liid,  J,  J,,,  ftgfd  §  Tc*f 
wotithft,  was  i  fe«t  and  |  of  an  in^h ;  tJmi  of  wmtlier  boj,  a^ed  8  j«u«  and  j  i 
wm  oblj  3  feet  74  incb^.     Accordiug  Ut  ilie  ataadafd  of  height  adi^tcd  bj  tlie  j 
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865.  The  period  of  Youth  is  distinguished  by  that  advance  in  the  evo- 
lution of  the  Generative  apparatus  in  both  sexes,  and  by  that  acquirement 
of  its  power  of  functional  activity,  which  constitutes  the  state  of  Puberty. 
Of  the  principal  changes  in  which  tliis  consists,  in  the  two  sexes  respec- 
tively, an  account  has  already  been  given  (§§  723,  730,  799)  ;  and  it  is 
merely  requisite  here  to  add,  that  this  augmented  development  can  only 
be  rightly  regarded  v^  preparatory  to  the  exercise  of  these  organs,  and  not 
as  showing  that  the  aptitude  for  their  exercise  has  already  been  fully 
attained.  It  is  only  when  the  growth  and  development  of  the  individual 
are  completed,  that  the  procreative  power  can  be  properly  exerted  for  the 
continuance  of  the  race ;  and  aU  experience  shows  that  by  prematurely 
and  unrestrainedly  yielding  to  the  sexual  instincts,  not  merely  the  gene- 
rative power  is  early  exhausted,  but  the  vital  powers  of  the  organism 
generally  are  reduced  and  permanently  enfeebled ;  so  that  any  latent  pre- 
disposition to  disease  is  extremely  liable  to  manifest  itself;  or  the  bodily 
vigour,  if  for  a  time  retained  with  little  deterioration,  early  imdergoes  a 
marked  diminution. 

866.  After  the  attainment  of  Puberty,  no  marked  alteration  takes- 
place  in  the  organism,  save  the  continuance  of  its  increase  in  stature, 
usually  for  a  few  years  longer  (§  797)  ;  which  increase  is  the  chief  mani- 
festfition  of  the  excess  of  the  germinal  capacity,  that  has  not  yet  expended 
itself  in  the  building-up  of  the  fabric.  But  so  long  as  this  increase  is 
going-on,  there  is  a  want  of  that  solidity  and  compactness  of  the  organism 
which  seem  only  attainable  when  growth  has  ceased ;  and  the  attainment 
of  which,  being  essential  to  the  highest  manifestations  of  vigour  and  en- 
durance, marks  the  final  completion  of  its  development.  01*  this  we  have 
the  best  illustration  in  the  Osseous  system;  whose  completion,  being 
postponed  until  all  further  growth  has  ceased,  may  be  fairly  considered 
as  marking  the  final  stage  in  the  development  of  the  organism,  and  as 
therefore  characterizing  the  period  of  Adolescence, — Commencing  with 
the  Vertebral  Column^  we  find  that  whilst  the  *  body'  and  *  neural  arches' 
of  each  vertebra  become  consolidated  in  early  childhood,  the  spinous  and 
transverse  processes  are  completed  by  separate  *  epiphyses,'  the  ossification 
of  which  does  not  commence  until  after  puberty,  and  the  final  union  of 
which  with  the  body  of  the  bone  may  not  occur  until  the  age  of  twenty- 
five  or  thirty  years.  About  the  same  time,  there  is  formed  and  added  to 
each  surface  of  the  body  of  the  vertebra  a  smooth  annular  plate  of  solid 
bone,  which  covers  a  portion  that  was  previously  rough  and  fissured. 
During  this  period,  the  consolidation  of  the  Sacrum  is  proceeding ;  the 
component  vertebrae  of  which  remain  separate  up  to  about  the  sixteenth 
year,  and  then  begin  to  unite  firom  below  upwards,  the  union  of  the  two 

Commissionen  (namely  8  feet  10  inches),  the  taUer  lad  would  have  been  judged  fit  for 
laboar,  whilst  the  thorter  woald  have  been  rejected.  The  Dentition  of  the  latter,  how- 
ever, was  further  advanced  than  that  of  the  former ;  for  he  had  two  of  the  lateral 
Incisors,  whilst  the  former  had  only  the  central :  and  the  determination  of  their  rela- 
tive physical  powers,  which  would  have  been  thus  formed,  would  have  been  in  complete 
accordance  with  the  truth.  The  elder  boy,  though  shorter  than  the  other  by  54  inches, 
possessed  a  much  greater  degree  both  of  corpor^  and  mental  enei^^,  and  his  pulse 
was  strong  and  regular ;  whilst  that  of  the  younger  lad,  viho  was  evidently  growing  too 
fast,  was  small  and  frequent. — An  instance  even  more  string  has  come  under  the 
Autiior's  own  observation. 
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highest  being  completed  by  about  the  twenty -fifth  or  the  thirtieth  ^ 
whilst  at  the  aatne  tlir»e  thin  oaaeouB  plates  are  formed  on  either  ^It^ 
the  coalesced  maaa,  which  seem  to  represent  tlie  epiphysea  of  the  traiii- 
verae  processes  of  its  component  yertebrBB,  and  like  them  are  finaUj 
joined-on  to  the  body  of  the  bone*  The  ossi6cation  and  coalescence 
the  Coccygeal  vertebrce  takes- place  at  a  atill  later  period.  Each  Rib 
like  manner  has  two  epiphyses,  one  for  the  head  and  the  other  for 
tubercle ;  the  ossification  of  which  begins  soob  after  puberty,  whilst  thei 
union  witli  the  body  of  the  bone  m  not  completed  until  aorue  y^sirs  afier- 
wards.  The  five  pieces  of  which  the  Sternum  couBlat^  tl^ough  them 
selves  completely  ossified,  remain  separate  until  after  the  age  of  pubertj 
when  tlieir  union  commences  from  below  upwards^  as  m  th©  sacrum,  r  ' 
being  ahvaya  completed,  however,  even  in  oM  age,  by  the  junction 
the  firsts  piece  to  the  rest  of  the  bone.  The  oaaifit^tion  of  the  Enaifc 
cartilage  does  not  commonly  be^in  until  after  the  age  of  puberty ;  iin<i 
is  usually  not  entirely  completed  even  in  very  advanced  life. — ^The  oesBe 
union  of  tlie  separate  elements  of  the  Bones  of  the  Skull  (§§  7h*>,  7S7),  u 
Uflfually  completed  within  a  few  years  after  birth;  but  tliere  are  scvmit  putt 
whicli  not  unfrequently  remain  distinct  during  Uie  greater  portion  oflil^ 
and  which  may  even  never  ooalesoe;  such  is  the  case  i^itli  tlie  two  h&Ivesef 
the  Frontal  bone,  which  often  remain  permanently  divided  by  a  eontliuai* 
tion  of  the  sagittal  suture,  and  with  the  Styloid  process  of  the  tempool 
bone*  In  the  Upper  txtremttte^^  we  find  the  S<ipnlit  presenting  thfM 
epiphyses*  one  for  the  coracoid  process,  one  for  the  acromion,  and  one  lor 
the  lower  angle  of  the  Iwne;  the  ossification  of  which  begins  sooa  aft» 
puberty,  their  union  with  the  body  of  the  bone  taking- phico  betw^on  db 
agea  of  twenty-two  and  twenty-five  yeara»  The  Clavicle  has  an  epiphysis  «l 
its  sternal  end,  which  beiginato  form  between  the  eighteenth  and  twentitl^ 
years,  and  is  united  to  the  rest  of  the  bone  a  few  yeajrs  later.  The  ooa- 
aolidation  of  the  Humerus  is  completed  rather  earlier  ;  the  large  piece  at 
the  upper  end,  which  is  formed  by  the  coalescence  of  the  OMci&  ernUm 
of  the  head  and  two  tuberosities,  unites  with  the  shaft  at  wham  tht 
twentieth  year ;  whilst  its  lower  extremity  is  completed  by  tlie  junctiOB 
of  the  external  condyle  and  of  the  two  parts  of  the  articubting  surfiid. 
(previously  united  with  each  other),  at  about  the  seventeenth  year,  and 
that  of  the  internal  condyle  in  the  year  following.  The  superior  ©piphv 
of  ^e  EadluB  and  Uba  unite  with  their  respective  shaflis  at  about  the'a^ 
of  puberty ;  the  inferior,  which  are  of  larger  size,  at  about  the  twentietli 
year*  The  epiphyses  of  the  Bletacarpal  and  Phalangeal  bon«B  are  united 
to  their  principals  at  about  the  twentieth  year. — In  the  Lower  e^rtrtmitiUt 
the  process  of  ossification  is  completed  at  nearly  the  same  periods  aa  thai 
of  tlie  corresponding  parts  of  the  upper.  The  consolidation  of  the  IliiiiB, 
Ischium,  and  Pubis,  to  form  the  Os  Innominatum^  by  the  oesiGi»lJO«i  rf 
the  triradiate  cartilage  that  intervenes  between  them  in  the  acelabiilQia, 
does  not  take-plac^  until  after  the  period  of  puberty ;  and  at  thia  HfW* 
additional  epiphyses  begin  to  make  their  appearance  on  the  cr«st  of  thM 
ilium*  on  its  anterior  inferior  apine,  on  the  tuberosity  of  the  iscfajuii^  aod 
on  the  inner  margin  of  the  pubes,  which  are  not  finally  joined  to  the  booi 
until  about  the  twenty-fifth  year. 

867.  The  rapid  increase  in  Viahih'ttf  whidi  shows  itself  in  both  msm 
up  to  the  age  of  puberty,  its  rapid  dechne  from  that  point,  and  ite  «b- 
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ftequent  increase  in  the  male  up  to  the  age  of  thirty,  have  been  abreadj 
pointed -out  (§  797).  The  disorders  to  which  the  organism  is  most  subject 
during  the  several  periods  which  have  now  been  considered,  are  by  no 
means  the  same  for  each.     In  early  Childhood,  when  there  is  a  great 
demand  for  the  activity  of  the  Digestive  and  Assimilative  functions,  and 
these  have  to  be  exercised  upon  nutriment  to  which  their  organs  are  not 
yet  accustomed,  we  find  derangements  of  those  organs  to  be  among  the 
most  common  of  all  maladies ;  these  may  be  serious  enough  in  diem> 
selves  to  constitute  dangerous  and  even  rapidly-&tal  diseases ;  but  even 
when  they  do  not  take  these  acute  forms,  a  foundation  is  often  laid,  in 
habits  of  perverted  Nutrition  thence  arising,  for   disorders  of  a   more 
chronic  nature  (especially  those  depending  on  the  Tubercular  diatha«ds, 
§  360),  which  may  not  manifest  themselves  for  many  years  afterwards. 
The  peculiar  activity  of  the  nervous  centres,  which  is  prolonged  from 
Infancy  into  early  Childhood,  involves  a  continued  liability  to  derange- 
ments of  their  nutrition  or  of  their  functions ;  and  thus  it  happens  that 
in  young  children  of  scrofulous  temperament,  it  is  either  in  the  mesenteric 
glands,  or  in  the  brain  or  its  membranes,  that  tubercular  deposit  first 
takes  place.     The  second  Dentition,  like  the  first,  is  oflen  accompanied 
with  a  great  deal  of  constitutional  disturbance ;  especially  in  such  indi- 
viduals as  are  suffering  from  defective  Nutrition,  or  from  an  irritable  state 
of  the  Nervous  System.  In  the  former  case,  there  is  a  special  proneness  to 
Tubercular  disease;*  in  the  latter,  to  Epilepsy,  Chorea,  or  some  other  form 
of  disorder  of  the  nervous  centres,  the  connection  of  which  with  Dentition 
is  shown  by  its  abatement  when  that  epoch  has  passed.     A  large  part  of 
the  sickness  and  mortality,  however,  which  presents  so  high  a  rate  during 
the  whole  period  of  Childhood,  is  due  to  various  forms  of  Zymotic  disease, 
especially  the  Exanthemata  and  In&ntile  Remittent  Fever,  and  to  their 
8equelcB.\ — The  attainment  of  Puberty  in  the  Male  sex  is  not  usually 
attended  with  any  specific  tendency  to  disease ;  nor  would  it  probably  be 
in  the  Female,  if  her  mode  of  life  were  more  accordant  with  the  rules  of 
health.     Although  disorder  of  the  Menstrual  function  is  one  of  the  most 
common  phenomena  of  female  youth,  yet  it  is  undoubtedly  to  be  looked 
upon  more  frequently  as  a  symptom  of  general  defect  of  nutrition  (and 
especially  of  an  impoverished  condition  of  the  blood),  than  as  itself  con- 
stituting a  disease.     The  extraordinary  reduction  in  the  probability  of 
life,  indicating  a  large  mortality,  during  the  years  which  immediately 
succeed  puberty,  seems  to  depend  in  great  degree,  in  the  Male,  upon  the 
prematiu*e  use  of  his  generative  powers,  and  upon  his  entrance  upon  the 
active  employments  of  life  before  his  constitution  has  received  that  invi- 
goration  which  results  from  the  completion  of  his  bodily  development ; 
whilst  in  the  Female  it  is  very  commonly  attributable  to  the  acciunulation 
of  unhealthy  influences,  which  begin  to  *  tell'  upon  the  powers  of  her 

*  It  is  a  very  significant  cirenmstanoe,  that  of  the  many  specimens  of  the  Anthropoid 
Apes  which  have  been  brought  alive  to  this  country,  not  one  has  sonriTed  its  seeond 
dentition ;  and  that,  in  almost  every  case,  it  has  been  by  tubercular  disease  that  their 
lives  have  been  thus  prematurely  cut-o£f. 

t  The  effects  of  affluence  and  poverty  on  the  duration  of  life  at  this  period  are  remark- 
ably shown  by  the  deductions  of  Casper  of  Berlin,  who  states  as  the  result  of  his  inqui- 
ries that  of  1000  children  bom  in  the  families  of  affluent  persons,  911  attained  the  age 
of  15  years;  whilst  of  1000  paupers,  only  584  survived  to  that  age.  (B6olard,  "  Phy- 
siologie,*'  1862,  p.  $94.) 
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s]fstera,  vthm\  its  germinal  capacity  no  longer  mmbters  to  its  aetrre 
neration.  It  is  (hcriy  m  both  eex^  though  from  cattaes  wliose  ti 
nature  is  ditFerent^  diat  the  TitbercuJar  cliatheida  ia  prone  ta 
itself  with  peculiar  intensity,  and  that,  by  fLTlrig  apoo  the  HosimtnT 
organs^  it  prtxlticea  the  most  rapidly *(atal  alterations  in  strtictiif^  whom 
integrity  is  essential  to  life, 

86S.  Period  of  Jtaturitff. — The  cessation  of  growth^  and  the  eompMcn 
of  the  developmental  processes,  which  indicate  die  attaiimient  of  Mamkc^ 
are  accompanied  by  a  marked  increase  in   tlie  g^isenil   vigour  of  dk 
or:gaD]snu  and  by  a  special  augmentation  in  thG  power  of  enduf^mct  k 
the  exercise  of  tlie  Animal  fa<:^ukie«.     Witli  llae  exception  of  iktm  p«^ 
of  the  fabric  whose  utility  was  confined  to  the  earlier  pariodb  of  itt 
development,  we  find  every  organ  now  presenting-  its  jp'catest  caSMIf 
for  sustained  activity ;  and  thus  it  is  Jrom  the  chani£tcr«  whidi  €aa 
presents  at  this  period,  that  we  hi^e  oitr  ideas  of  its  it/pical  perfectloii  df 
structure  and  composition.    All  the  i>revioua  changes  which  the  ommm 
has  undergone,  T>oth  us  a  whole  and  in  its  sepiarate  parts,  conctir  to  tb 
attainment  of  this  perfection,  as  we  have  e<*]>eciallj  seen  in  r^iml  to  thu 
evolution  of  the  solid  framework  of  the  body  ;   and    every  sub^Msqoiait 
change,  as  we  shall  presently  perceive  (§  870),  involves  a  deterionUiiM 
from  it.     The  whole  nuus  of  development,  during  this  period,  appcan  to 
be  directed  towards  the  mmntenance  of  the  orgiuiisni  in  the  stal«  if\aA 
it  hadaccjuired  at  its  commencement;  by  the  regcneratiou  of  it»  tisoatt 
fast  as  they  undergo  disintegration,  and  by  the  renovation  of  its  vilml  toe 
in  proportion  m  t!iia  is  expended.     There  is  no  longer  any  Ga{wntj  fe 
the  production  of  new  organs^  and  comparatively  little  for  fJie  a: 
tion  of  tliose  already  existing ;  the  incroaae  of  the  Uterine  and 
Htructures,  daring   tlie  period  of  gestation,    being   the    most  importeil 
examples  of  formative  power,  and  these  ]>resenting  ihenigelve?*  in  tbi*  m 
in  which  there  is  least  of  nervo-muscular  activity  and  of  gentind  vig^iui 
We  should  infer  thcn^  that  the  'germinal  capacity'  m  now  on  tJje  deriitit;, 
and  this  further  ajjpears  Irom  the  tlirainished  energy  and  eorxiplctrnc^' 
with  which  the  reparative  processes  are  performed,  as  coni|^iared  with  tha 
mode  in  which  tliey  are  executed  diu^ing  the  period  of  growth.     Thee  n 
consequentry  a  leas  demand  for  alimentary  material  (allowitiice  hcdngaiBde 
for  the  augmented  bulk  of  the  body)  thjm  during  the  previous  perio«fe; 
and  tha  dependence  of  life  upon  a  constant  supply  of  aHineut  \m  lar  k» 
close.     Moreover,  the  ordinary  rate  ol"  wast^  or  defeneration  of  tMntft  0 
now  much  less  rapid  than  during  the  j>eriod  of  growth  ;   for  we  hjivt  tM 
that  decay  and  removal,  in  the  latter  case,  are  among  the  verv  ooddltiafil 
of  increase  j  whilst  in    the  former,  they  proceed,  for  the  mo&t  pftrt,  wilf 
from  the  expenditure  of  tlie  vital  i>oweTS  of  die  tissues,  consequoiat  upon 
their  functional  activity.     Hence  it  is  upon  the  d^ree  in   whidi  tbt 
An  ma  I  powers  are  exercised,  that  the  demand  for  food  chiellr  4mmit 
in  the  Adult ;  the  sole  pur|x)se  of  the  Organic  or  Vegetattive  op«rstkiiM 
being  (ao  to  speak)  to  keep  the  apparatus  of  Animal  life,  now  fully  deve- 
loped, in  working-order.     The  rebtive  activity  of  the  different  parts  ^ 
this  apparatus  is  now  somewhat  modified.     The  observing  /a»'ulhfs  no 
longer  pc^sess  the  same  pre-eminence ;  the  emoiionai  seHmhiHt^  19  l^m 
readily  excited  ;   but  the  mteikctual  powers  now  act,  in  the  modc«  whacji 
have  bec^3me  habitual  to  them,  with  a  sustained  vigour  and  oompkleiiitti 
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which  they  never  previously  possessed.  And  so,  whilst  the  muscles  are 
not  so  eafflly  excited  to  contraction,  and  new  combinations  of  movement 
are  acquired  with  &r  more  difficulty  than  during  the  period  of  growth 
and  development,  the  force  which  they  can  generate  by  their  contraction 
is  augmented,  and  this  force  can  be  kept-up  for  a  much  longer  time  in 
adults  than  in  younger  subjects. 

869.  The  duration  of  the  period  over  which  this  *  maintenance*  may 
be  protracted,  without  any  sensible  deterioration,  depends  in  great  degree 
upon  the  due  observance  of  all  the  conditions  of  health.  If  the  various 
mental  and  bodily  Acuities  are  duly  exercised,  without  being  overtasked, 
— ^if  an  amount  of  sleep  adequate  to  their  periodic  renovation  be  r^ularly 
taken, — if  a  sufficient  but  not  excessive  quantity  of  wholesome  food  be 
ingested  at  appropriate  intervals, — if  the  functions  by  which  the  blood  is 
prepared,  and  those  by  which  it  is  kept  in  purity,  be  duly  performed, — if 
all  such  noxious  agents  as  foul  air,  strong  alcoholic  liquors,  tobacco-smoke, 
be  kept  at  a  distance, — and  there  be  no  constitutional  predisposition  to 
disease  on  the  one  hand,  nor  any  exposure  to  extraneous  morbific  causes 
on  the  other, — ^it  may  be  feirly  anticipated  that  the  bodily  and  mental 
vigour  may  be  sustained  with  little  deterioration  during  a  long  succession 
of  years.  The  circiunstances  that  most  tend  to  premature  decline,  are, 
on  the  one  hand,  excessive  exertion  either  of  the  mental  Acuities  or  of 
the  generative  power ;  or,  on  the  other,  undue  indulgence  in  food,  or  in 
stimulating  drinks,  or  in  any  practice  that  tends  to  disorder  the  Organic 
functions,  especially  by  exciting  them  to  undue  activity.  Every  one  who, 
in  any  of  these  modes,  may  "  live  too  fest,"  is  almost  certain  to  pay  the 
penalty  in  an  abbreviation  of  his  term  of  vigorous  activity  ;  which  may 
be  either  brought  to  a  sudden  and  final  close  by  &tal  disease,  or  may 
be  prematurely  reduced  by  more  gradual  decay.  And  this  tendency  will 
of  course  be  more  decided,  the  greater  is  the  amount,  and  the  larger  the 
combination,  of  those  departures  from  the  Laws  of  Health  whidi  give 
rise  to  it. 

870.  Period  of  Decline, — The  decline  of  life  exhibits  a  much  more 
obvious  diminution  of  the  whole  vital  power  of  the  organism ;  for  not 
only  is  its  formative  activity  now  greatly  reduced,  but  its  nervo-muscular 
energy  and  general  vigour  progressively  diminish,  and  its  generative  power 
becomes  enfeebled,  or  ceases  entirely  (§§  723,  732).  Of  this  diminution 
in  formative  power  we  have  evidence  in  the  entire  absence  of  any  attempt 
at  i;iew  development,  in  the  less  perfect  and  more  tedious  manner  in  which 
the  losses  of  substance  occasioned  by  disease  or  injury  are  recovered-fix)m, 
and  in  the  gradual  deterioration  of  the  organism  in  general.  The  tissues 
which  are  rendered  effete  by  their  functional  activity,  are  not  any  longer 
replaced  in  their  normal  completeness;  for  either  the  quantity  of  new 
tissue  is  inadequate,  so  that  the  bulk  of  the  organs  is  obviously  reduced ; 
or  their  quality  is  rendered  imperfect  by  the  production  of  structures 
in  various  phases  of  degeneration,  in  place  of  those  which  had  been  pre- 
viously developed  in  the  fullest  completeness.  The  inferiority  of  Nervo- 
musctdar  energy  and  of  general  vigour  are  thus  evidently  the  result  of  the 
deficiency,  and  not  (as  in  the  period  of  growth)  of  the  excess,  of  formative 
power;  and  in  proportion  as  the  '  waste'  of  the  tissues,  consequent  upon 
their  functional  activity,  is  more  rapid  than  their  renovation,  a  progressive 
loss  of  substance  must  take-place.    The  forms  of  Degeneration  most  com- 
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nionly  met* with  in  adTancod  age,  are  ihe/aiiy  and  the  ealeurmm9^ 
former  (§  333)  is  extremely  prone  to  show  itaelf  in  those  orgaxa  w% 
int^rity  of  atriicture  is  peculiiirly  important  to  health,  and   wham  dite- 
riomtion  interferes  directly  with  the  vital  propertiea  of  their  eomp&sm 
tiaauea.     Thus  we  obaerve  it  in  the  Miiscular  appai^tu^  gencnOy,  M 
pre-eminently  in  the  walls  of  the  Heart;  and  in  proportion  as  iliaBii- 
tractlle  fibre  hm  been  replaced  hy  particles  of  &t,  tntisl  the  tihI  ma^ 
of  any  muscle  be  lowei'ed.     So,  Jigiun,  we  Had   the  same  degenentkB  ii 
the  LiTer^  Kidney,  and  other  parts  of  the  GlanduJar  appantos;  t2ie  pi^p^ 
secreting  action  of  which  is  impaired  in  the  ratio  of  the  mibflliltttiaii  tf 
fat  for  the  proper  (rlaudiLlar  elements.     But  it  may  alao  Imd  to  mad 
serions  derangements  of  tha  vital  functiona,  hy  ite  interfert^ice  vidi  tiM 
purely-mechanical  actions  of  certain  parts  of  the  organisBO!! ;  thii&  hBf 
defeneration  of  tlic  walls  of  the  Blood- veasela  is  one  of  tlie  mem  fre^xwH 
causes  of  tlit^e  extravasations  of  blood  in  the  nervous  centra  which  pn 
rise  to  the  apoplexy  and  to  the  various  forins  of  paralysis  m  coamm 
among  the  aged ;  and  the  same  change  occurring   in  the  Bonei,  fW 
them  that  peculiar  brittleneaa  which  they  frequently  exhibit  in  mdrmd 
periods  of  life,     Tliat  general  decline  of  the   vital    power%  whiicli  !■• 
received  the  name  of  *  climacteric  dis^eaae/  appears  trsjcmble  to  lli«  mm 
source.* — ^The  tendency  of  the  calcareous  degeneratic^  (which  espicii3i 
affects  the  Cartilaginous  and  Fibrous  tissues)  la  alnaoet  exclngireh-  to 
interfere  with  the  mechankal  adaptations  of  the  organism;  pnadudi^* 
injurioua  rigidity  in  varioiia  structures  which  require  a  grettSa^  CT  Ivi . 
amount  of  ilexibililj  for  the  normal  performance  of  their  tfttBetic 
it  is  very  common  for  the  cartilages  of  the  ribs  to  become 
advanced  life,  so  as  to  interfere  with  the  free  movement  of  til 
the  tliorax ;   and  the  thyroid  cartilages  of  old  peiiple  are  fr^HMlly  i 
verted  into  hone,  producing  a  roiiglmesa  of  the  voice,  and  deltdiOOCT  ^ 
ihe  power  of  modulating  it.     The  intervertebral   euhsCance  (vhM  ii 
pivrtly  cartilaginouB  and  partly  fibrous)  not  nnfrequently  becoioea  soBdiitfl 
in  the  lumbar  region,  as  do  ako  the  spinal  ligameut«^  so  that  fev«ral«^ 
the  lower  vertebn^  are  tirmly  anchylosed  to  each  other  and  to  the  mava&; 
and  a  like  change  oJlen  takes-pla(%  In  the  pelvic  articulniion^  so  that  ^ 
pelvis  and  tlie  lower  part  of  the  spine  become  one  eontinuous  miA  (/ 
bone,  destitute  of  flexibility  or  yiekUngnesa  in  any  part.      In  like  wtmoB 
the  cranial  sutures  o^n  become  obliterated,  and  calcareous  doposits  oeear 
in  the  dupltcatures  of  the  dura  mater  forming  the  ^Ix  and  t4!titof]iSB. 
A  large  amount  of  this  kind  of  change  may  take-pla^  without  attv  aseioiP 
intarterence  with  the  Organic  functions,  although  it  tends  to  curtail  di* 
Animal  powers.     When  the  calcareous  degenermtioni   however,  eximtk 
itself  to  the  vital  orgaus,  the  interruption  which  it   occasiona  to  thcsr 
actions  may  be  fatal ;  thus,  next  to  fatty  degeneration,  ther^  is  pt«baUy 
no  more  frequent  cause  of  faihu-e  of  the  heart's  action,  or  of  extravafllka 
from  the  blood -vessels,  in  old   persons^  than  ossilication  of  tlk«  valwlv 
apparatus  of  the  former,  depriving  it  of  tlie  flexibility  which  is  i 
to  its  proper  action,  or  of  the  fibrous  walla  of  the  latter,  impaitiiur  1^  I 
a  brittlenesa  which  predisjxisca  to  rupture, f 

•  Bee  Mr.  Ikrlow^t  *  Gen^niJ  Qbserrations  on  Fiitty  Beg^craypa, '  in  tbe 
Timeft  bud  GAz«tte,^'  Mvy^  \5,  IS 52. 

+  A  good  aocQunt  of  tbeae  cZi&iig«8  will  be  found  in  the  *'  Pn^tlcAl  Trtmtimm^ 
Diteasei  nnd  lufirmUies  of  AdrAticed  Lit^*'  by  D«AieJ  MAclaefaUii,  M.D,;  If^SL 
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871.  Thus,  then,  with  the  advance  of  Old  Age,  the  organigm  becomes 
progressively  more  and  more  unfit  for  the  active  performance  of  its  vital 
operations ;  a  gradual  weakening  is  observable  in  the  Mental  as  well  as  in 
the  Corporeal  energy ;  and  a  retardation  becomes  obvious  in  the  current 
of  Organic  life.      The  mind  is  fer  less  active  than  in  the  periods  of  Ma- 
turity ;  the  perceptions  are  dull,  the  feelings  comparatively  obtuse  (save 
where  some  dominant  emotion  has  gained  possession,  through  the  previous 
habit  of  yielding  to  it),  the  intellectual  powers  cannot  be  so  readily  put 
in  action,  and  the  imagination  loses  its  vividness.     There  are  few  instances 
in  which  any  great  works,  either  literary  or  artistic,  have  been  executed 
after  the  age  of  threescore.      Still,  the  experience  of  a  long  life  gives 
value  to  the  judgment ;  and  the  coimsels  of  the  old,  where  the  bearings 
of  the  question  can  be  fully  understood,  deserve  the  respect  of  the  young, 
more  especially  in  cases  where  temporary  ardour  of  feeling  tends  in  the 
latter  to  supersede  the  dictates  of  their  calmer  reason. — The  mental 
torpor  is  correlated,  there  seems  no  reason  to  doubt,  with  changes  in  the 
condition  of  the  Nervous  substance,  which  impair  its  original  activity ; 
and   like  changes,  occurring  in   the  Muscular  substance,  diminish  its 
capacity   for  physical  exertion.     Hence  there  is,  on  the  one  hand,  a 
marked  diminution  in  the  demand  for  food ;  on  the  other,  a  like  diminu- 
tion in  the  rate  of  the  excretory  processes,  as  is  seen  especially  in  the 
exhalation  of  carbonic  acid  (§  288,  iii.)  and  in  the  excretion  of  Urea 
(§  392) :  and  in  accordance  with  all  these  reductions,  there  is  a  greatly 
diminished  power  of  sustaining  the  heat  of  the  body,  the  temperature  of 
which  consequently  becomes  liable  to  a  serious  depression  from  external 
cold.      This  retardation  of  vital  activity  gradually  becomes  more  and 
more  marked,  until,  if  neither  accident  nor  disease  should  intervene,  the 
current  stops  of  itself;  the  formative  power  seems  to  undergo  a  progres- 
sive exhaustion,  until  no  assistance  from  artificial  heat,  no  supply  of  the 
most  nutritious  food,  can  any  longer  avail  for  the  generation  of  new  tissue ; 
the  nervo-muscular  energy  gradually  declines,  until  at  last  even  those 
actions  on  which  the  circulation  and  respiration  entirely  depend  can  no 
longer  be  performed ;  and  with  the  cessation  of  these  functions,  the  Life 
of  tfie  entire  organism  becomes  extinct. — Such  we  may  consider  to  be  the 
mode  in  which  Death  normally  occurs.      Various  abnormal  influences, 
however,  remain  to  be  considered,  which  may  bring  about  this  final  result 
at  an  earlier  period,  and  in  di£Eerent  modes  (Chap.  xix.). 
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CHAPTER  XIX. 

OP   DEATH. 

872.  W£  h&ve  men  H  to  be  inherent  in  the  vezy  nitiire  of ' 
Action »  that  it  can  only  be  iustained  durlog  a  iitrnted  period  hf 
Orgamzed  body ;  for  although  the  duration  of  certain  fitraetureB  iiui|'  ti#~ 
prolopged,  and  their  vital  properties  retained,  almost  inde&utelyi  jH 
thifl  is  only  when  the  mihdra^?at  of  aU  extraneotis  ageBd.6B  has  redooid 
them  to  a  condition  of  complete  inactivity.  The  Organized  Mxrk^  m 
feet,  is  at  the  same  time  the  instrument  whereby  Vital  Force  h  «»r- 
daed,  and  the  subject  of  its  operation ;  and  of  tliis  operation,  d^tdint  iB 
no  leas  a  constituent  part  than  devd^inefU,  and  Dtath  i&  its  neceaazj 
sequence*  Hence,  in  tlie  performance  of  each  one  of  those  Pnnctioiii 
whose  Bggr€$;ate  makes-up  the  Life  of  Man,  the  particular  Qv^m  whiaci 
ministers  to  that  iiinction  undergoes  a  certain  loss  by  the  decline  md 
death  of  its  component  tisanes  j  and  this  the  more  rapidly  in  propotKA 
to  the  activity  of  tlie  changes  which  are  effected  by  their  instrumentaiitj. 
But  if  the  r^enerative  processes  be  also  performed  with  due  yigouf,  no 
deterioration  of  the  organ  is  maniiested,  since  every  loss  of  substaiiis  ii 
compensated  by  the  production  of  an  equivalent  amount  of  new  ia4 
similar  tissue.  This  r^enerative  power,  however,  gradually  dinuniifaei 
with  the  advance  of  years ;  and  thuB  it  happens  that  the  entire  oigsnisa 
progressively  deteriorates  (§  810),  and  that  Death  at  last  superrenai  ^tim 
a  general  failure  of  the  vital  powers,  rather  than  &om  the  perreiikli  or 
cessation  of  any  one  class  of  actions  In  particular. 

873.  But  Death  may  occur  at  any  period  of  Life,  from  some  kci) 
interruption  produced  by  disease  or  injury  in  the  regular  oequenoe  of 
vital  actions ;  such  interruption  extendmg  itself  from  the  port  in  w}mk 
H  commenceSf  to  the  organism  in  general,  in  virtue  of  that  JTitif** 
mutual  dependence  of  one  function  upon  another,  which  ts  chaiactoi^ 
of  all  tlie  higher  orders  of  living  beings.  The  death  of  the  body  as  t 
whole,  which  may  be  appropriately  designated  Somatic*  denth,  beoonei 
a  necessary  consequence  of  the  death  of  a  certain  part  of  it.  or  MpUcMiar 
deaths  only  when  the  cessation  of  activity  in  the  latter  iaterlme  wftlh 
the  elaboration f  the  circulation,  or  the  depuration  of  the  Bkodt  whkk 
supplies  not  merely  the  nutritive  pahulum  to  every  part  of  the  ot^^niisu 
but  also  the  o^geo  which  is  essential  to  the  activity  of  the  Nerro- 
muscular  apparatus.  Thus,  even  in  the  higher  animalfl,  the  dcAth  or  fs- 
moval  of  the  limbs,  although  they  may  constitute  (as  in  Man)  a  lacg^  |!ro- 
portion  of  the  fabric,  is  not  necessarily  fetal ;  because  it  inTolvea  qo  ia- 
temiption,  either  in  the  nutritive  operations  of  the  viseasm,  or  in  llic 
sensorial  functions  of  the  hrain.f     On  the  other  hand,  the  destru/otloii  of  • 

*  Thifl  lerm  was  first  soggosted  bj  Dr.  FridiAnI,  in  pla^  of  the  \em  mecMf^lm  Itm 
'  ijstemic'  which  was  pFevloiiBlj  ia  ose.  (See  '*  Cjd&^,  of  Aii*k  $^ad  flijaioL,**  r^  i 
p,  7910 

f  The  Author  bM  beea  imfann^  bj  Dr,  Bsnidli  that  It  is  not  at  sU  ■womnwniL  is 
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certain  minute  portion  of  the  Nervous  centres,  or  such  a  lesion  of  the 
Heart's  structure  as  would  be  trivial  in  almost  any  other  organ,  taay  be 
the  occasion  of  immediate  death ;  because  these  changes  arrest  the  Re- 
spiratory movements,  or  interfere  directly  with  the  action  of  the  Heart, 
80  as  to  bring  the  £ow  of  blood  to  a  stand.  It  sometimes  happens,  how- 
ever, that  life  may  be  prolonged  after  the  death  or  removal  of  some  im- 
portant organ,  in  consequence  of  the  power  which  some  otiier  possesses 
of  discharging  its  function  ;  thus  we  find  that  in  Man  the  kidneys  seem 
occasionally  to  take  upon  themselves  the  elimination  of  the  constituents 
of  bile  from  the  blood  (§  367) ;  and  in  tiie  Frog  the  skin  can  perform 
part  of  the  office  of  the  lungs,  so  as  to  effect  the  aeration  of  tiie  blood  in 
a  sufficient  degree  to  prolong  life  for  some  time,  unless  the  temperature 
be  elevated.* 

874.  But  although  the  vital  activity  of  every  part  of  the  body  is 
dependent  upon  a  due  supply  of  circulating  fluid,  yet  tiiis  dependence  is 
usually  not  so  close  as  to  involve  tiie  immediate  suspension  of  vital 
activity,  or  Molecular  Death,  in  every  part,  whenever  the  general  Circula- 
tion shall  have  been  brought  to  a  stand.  For  we  have  distinct  evidence 
of  the  persistence  of  vital  changes  in  various  organs  and  tissues  of  the 
body,  after  tiie  death  of  the  body  at  large ;  as  is  manifested  in  tiie  per- 
formance of  ciliary  and  of  muscular  movements,  in  acts  of  secretion  and 
perhaps  even  of  nutrition,')'  in  the  maintenance  of  tiie  local  circulation 
(§  242),  and  in  tiie  generation  of  animal  heat  (§  406) ;  and  tiie  &ct  is 
even  yet  more  remarkably  manifested  in  tiie  reunion  (even  after  tiie 
lapse  of  some  hours)  of  parts  that  have  been  entirely  severed,  such  as 
fingers  or  toes,  noses  or  ears,  by  adhesion  between  the  cut  surfeces  when 
brought  into  apposition,  which  coidd  not  take  place  if  tiie  severed  part 
were  already  dead. 

875.  The  permanent  and  complete  cessation  of  tiie  Circulating  current, 
which  essentially  constitutes  Somatic  Death,  may  be  directiy  or  indirectiy 
consequent  upon  several  distinct  causes. — In  the  first  place,  it  may  be 
due  to  feilure  in  tiie  propulsive  power  of  tiie  Heart,  which  constitutes 
Syncope,  This  failure  may  occur  either  (a)  in  consequence  of  a  loss  of 
tiie  proper  irritability  of  the  Muscular  tissue,  or  (b)  tiirough  the  super- 
vention of  a  '  tonic  spasm,'  tiie  organ  remaining  rigidly  contracted  witii- 
out  its  usual  alternation  of  relaxation.     The  phenomena  attending  deatii 

Negroes  who  are  in  the  last  stage  of  the  adynamic  feyera  of  the  African  coast,  for  death 
and  decomposition  to  extend  gradually  upwards  from  the  extremities  to  the  trunk  ;  so 
that  the  former  may  be  in  a  state  of  absolute  pntrescence,  before  the  respiration  and 
circulation  have  been  brought  to  a  stand  :  and  he  learns  from  Prof.  Jackson  of  Phila- 
delphia, that  he  has  more  tiian  once  witnessed  the  same  occurrence. 

*  That  such  cannot  take-place  in  Man,  is  due  not  merely  to  the  far  less  complete 
adaptation  of  his  skin  for  the  aeration  of  the  blood,  but  also  to  the  difference  in  the  type 
of  Ids  circulation,  which  causes  the  arrest  of  blood  in  the  pulmonary  vessels  to  produce 
a  stagnation  of  the  entire  current. 

t  Thus  Mr.  T.  Bell  mentions  (''History  of  British  Reptiles,"  p.  61),  that  having  been 
engaged  in  the  careful  dissection  of  the  poison-apparatus  of  a  large  Rattlesnake,  althoi^ 
the  animal  had  been  dead  for  some  hours,  and  the  head  had  been  taken-off  immediately 
after  death,  yet  the  poison  continued  to  be  secreted  as  the  dissection  proceeded,  so  as  to 
require  to  be  occasionally  dried-off  with  a  bit  of  sponge. — A  growth  of  Hair  is  said  to 
have  been  noticed  in  several  instances  after  death  ;  and  if  the  temperature  of  the  sur- 
rounding medium  be  not  too  low  for  the  vital  activity  of  the  hair- bulbs,  there  seems  no 
adequate  reason  why  this  should  not  take- place. 
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ta  the  two  ^aes  are  not  diadmikr,  when  the  loes  of  iiTk^ili^  it  i 
and  bmnedkite  (aa  when  it  aiiaes  ^m  Tiokat  oDpreHODs  oa  tibe  ft 
sj'gtem) ;  for  the  iadiTidual  suddenly  tunui-paky  &lJs-bsck  or  dropB^-^icm^, 
and  €^ires  with  one  gasp.  But  under  the  former  ooEiditioiif  llie  hmn  m 
found  fiabhy^  aomelime^  empt;^,  sometimes  distended  wttii  bSoodt  boA 


cavities  bclog  equallj  filled ;  whilst  id  the  latter  the  he^ut  ts 
and  hard,  containing  litde  or  no  blood,  as  when  in  the  sOite  v^  rigor  \ 
— The  caujie  of  the  loaa  of  Irritabilitj,  when  sadden,  usoalij-  Eea  ia  ihe 
influence  of  a  -  ihock*  transmitted  liirough  the   Narvcj^oa  wj'^laam^  uA 
originadng  either  in  some  Beyere  lesion  of  its  centrml  as^gaua  or  <#  ila 
peripheral  e^cpansion  (§  216),  or  in  a  daficiencj  of  its  stippljr  of  bJood  or 
dlrmnutiou  of  its  usual  pFessure  (such  as  is  pn>diu:ed  bj  zspid  deftaiatioQ 
af  blood,  especially  in  the  erect  posture,  bj  the  rapid  retftOfil  of  th^ 
fluid  in  ascites  without  the  substitntion  of  artifidal  preasore,  cr  hy  waA- 
denly  rising  into  the  erect  posture  »iler  prolonged  recambenejp*  tfiU 
more,  after  long  stooping),  or  in  some  powerful  mental  emotion^  wAm 
esc  i ting  or  depreasLag.     A  more  gradiml  effect  of  the  flame  kind  ia  |IE9- 
duced  by  seYcre  legions  of  the  internal  organs  (such  as  rupture  cf  1^ 
uterus),  which  often  prove  &tal  by  the  general  *  cMsIlapae*  tbita  iddoeA 
rather  than  by  the  disturbance  which  t&kea-plaee  in  their  own  proper 
functions;  and  this  seems  to  be  the  usual  m^us  operamti  cf  ooRimft 
poisons,  whose  efieet  upon  the  hearths  action  resembles  that  fRvdnoed  bj 
severe  bums  of  the  surface  in  children.     The  influence  of  the  prD|«r 
sedative  poisons,  however, — such  as  digitalis,  tobacco,  acoaite,  aiad  o^a^— - 
■eema  to  be  directly  exerted,  through  the  blood,  upon  tlie  tiassi«  of  die 
heart  itaelf ;  and  the  same  is  probably  the  case  with  some  of  those  ^nHriwl 
poisons,"  whose  introduction  into  ^e  system  gives  rise  to  tlifs^ma^  of  i|m 
most  intensely  adynamic  type,  such  as  Malignant  Cholera,  in  wlydi  in 
*  collapse'  is  out  of  all  proportion  to  any  local  lesion*     But,  egUBt  ^ 
loss  of  the  Heart's  irritabilily  nmy  be  a  gradual  [nx>C68a^  r»tlti^  ftfitt 
the  deterioration  of  its  tissue  by  fatty  degeneration  or  by  aimpLe  atm^; 
and  tJjia  last  condition  may  be  due  to  deficiency  of  blood,  as  faappem  is 
clironic  ^tan^ation  and  difleasea  of  exhaustion,  in  which  the  failure  of  th« 
circulation  &eema  due  to  the  weakening  of  the  heart's  power  aiMi  lolhi 
lowering  of  Uie  quantity  and  quality  of  the  bloodi  acdog  as  coneiSTal 
causes,  the  condition  thus  induced  being  appropriately  d^gnated  AHkiam* 
In  all  cases  it  is  to  be  observed  tljat  when  the  Vital  powers  lui^e  bi» 
previously  depressed,  a  much  slighter  impression  on  the  Nervcma  agrrtvm 
is  adequate  to  produce  Syncope,   than  would  be  required  when  it  ia  ta  a 
Btate  of  Hdl  vigour. — The  aiuses  of  the  tonic  apaam  of  the  hmH  l»ve 
not  been  clearly  tnade-out;   but  it  seems  producible,    like   tht  ncfi 
common  form  of  Syncope,  by  itgencies  operating  through  the  Nerf^Mia 
syBfcem ;  thu»  it  has  supervened  upon  the  ingestion  of  a  large  4|Uatil3tT  ef 
cold  water  into  Uie  stomach. 

876.  Honuitic  Death  may  be  occasioned,  seeondlif^  by  an  obetmctkBi 
to  the  ffow  of  blood  through  the  capillaries  of  the  lunga,  COnatltnth^ 
A^phifxia  (§  2Ud) ;  and  this  may  be  consequent  upon  a  diacnrdoored  atelt 

*  Heace  it  k  1\%X  great  cautiua  ahoutd  bo  extrQised,  m  alltiwing  pn t i rrttn  irlioi  mi>  n^ i 
T»]«teeQt  ft^ta  %GniA  tliKATCB  to  rue  ioU)  the  vitct  podtion  ;  miuij  caa^  iif  iiul  ijuopfi 
hnvlftg  been  tluiH  ttidut^ed.  Tlie  8lAt«  of  gencriil  debility,  unci  the  oontluaed 
both  favour  tliitt  r<»ult|  eBpqclalljf  in  pcnc^ui  adtftnoed  io  Ufe. 
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of  the  lungs  themselves,  or  upon  suspension  of  the  respiratory  moye- 
ments  through  affections  of  the  Nervous  centres.  It  is  in  this  mode 
that  most  fatal  disorders  of  the  Nervous  System  produce  death,  except 
when  a  sudden  and  violent  impression  occasions  a  cessation  of  the  hearths 
power ;  thus  in  Apoplexy,  Narcotic  Poisoning,  &c.,  death  results  from 
the  paralyzed  condition  of  the  Medulla  Oblongata ;  whilst  in  Convulsive 
diseases,  the  fatal  result  generally  ensues  upon  a  spasmodic  fixation  of 
the  respiratory  muscles. — Thirdly,  Somatic  death  may  be  occasioned  by 
a  disordered  condition  of  the  Blood  itself  (§  182),  which  at  the  same 
time  weakens  the  power  of  the  Heart,  impairs  the  activity  of  the  Nervous 
system,  and  prevents  the  performance  of  those  changes  in  the  systemic 
Capillaries,  which  afford  a  powerful  auxiliary  to  the  circulation.  This  is 
Death  by  NecrcemiaJ* — Fourthly ^  Somatic  death  may  result  directly  from 
the  agency  of  Cold,  which  stagnates  all  the  vital  operations  of  the  system. 
Where  the  cooling  is  due  to  the  agency  of  an  extremely  low  external 
temperature,  which  acts  first  upon  the  superficial  parts,  there  is  reason  to 
think  that  the  congestion  of  the  internal  vessels  thereby  induced,  occasions 
a  torpid  condition  of  the  Nervous  centres,  and  that  the  cessation  of 
the  Circulation  is  immediately  due  to  Asphyxia.  But  when  the  cooling 
is  gradual,  and  the  loss  of  heat  is  almost  equally  rapid  throughout,  it 
is  obvious  that  the  stagnation  must  be  universal,  and  that  no  cessation  of 
activity  in  any  one  part  is  the  occasion  of  the  torpor  in  the  functions  of 
the  remainder.  It  is  in  this  manner  that  death  ordinarily  results  from 
Starvation,  and  not  by  the  weakening  of  the  hearths  action,  as  commonly 
supposed ;  the  proofs  of  this  have  been  already  stated  (§  411). 

877.  As  a  general  rule,  we  find  that  the  more  active  ^e  changes  which 
normally  take  place  in  any  tissue  during  life,  the  more  speedily  does  its 
Molecular  Death  follow  Somatic  Death,  the  requisite  conditions  of  its 
vital  action  being  no  longer  supplied  to  it.  Thus  we  observe  that  in 
Cold-blooded  animals,  the  supervention  of  Molecular  upon  Somatic  death 
is  much  less  speedy  than  it  is  in  Birds  and  Mammals.  This  seems  due 
to  two  causes.  In  the  first  place,  the  tissues  of  the  former,  being  at  all 
times  possessed  of  a  lower  degree  of  vital  activity  than  those  of  the  latter, 
are  disposed  to  retain  it  for  a  longer  time ;  according  to  the  principle 
already  laid-down.  And,  secondly,  as  the  maintenance  of  a  high  tem- 
perature is  an  essential  condition  of  the  vital  activity  of  the  tissues  of 
Warm-blooded  animals,  the  rapid  cooling  of  the  body  after  Somatic  death 
is  calculated  to  extinguish  it  speedily ;  and  that  this  cause  has  a  real 
operation,  is  evinced  by  the  infiuence  of  artificial  warmth  in  sustaining 
the  vital  properties  of  separated  parts. — The  rapidity,  however,  with 
which  Molecular  death  follows  the  cessation  of  tiie  general  circulation, 
will  be  infiuenced  by  a  variety  of  causes ;  but  especially  by  the  degree  in 
wliich  the  condition  of  the  soUds  and  fluids  of  the  body  has  been  impaired 
by  the  mode  of  death.  Thus  in  Necrsmia,  Asthenia,  and  death  by 
gradual  cooling,  Molecular  and  Somatic  Death  may  be  said  to  be  simul- 
taneous ;  and  the  same  appears  to  be  true  of  death  by  sudden  and  violent 
impressions  on  the  Nervous  system  (§  216).  But  in  many  cases  of  death 
by  causes  which  operate  by  producing  a  more  gradual  Syncope  or 
Asphyxia,  the  tissues  and  blood  having  been  previously  in  a  healthy 

*  See  Dr.  0.  J.  B.  WUliams's  <*  Principles  of  Medicine,"  Srd  edit.,  p.  553. 
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condition,  Molecxilar  deatb  mity  be  lotig  postponed ;  and  we  cannot  be  qmte 
eertaiQ  that  it  has  supervened  until  sigoa  of  actual  deconipositicrti  pressi 
themselves. 

878.  Whea  Molecular  death  tak^s-place  m  an  isolated  part,  it  most 

TQSolt  from  Bome  condition  peculiar  to  that  part,  aJid  not  primarilj  afact* 

ing  the  body  in  general*     Thus  we  may  have  Gangrene  or  MottificaSiofi 

of  a  limb  aa  a  direct  result  of  the  applicatiou  of  levere  oald,  or  of  an  ag«ot 

capable  of  producing   chemical  ch^igeg  in  ita  substance^  or  of  fiolai 

oojituflions  occaaiouing  mechanical  injury ;  or,  again,  Irom  an  inUxmplM 

to  the  current  of  nutritive  fluid ;   or,  further,  from  eome  ill-imidmiood 

fitagnation  of  the  nutritive  process^  which  manifests  itself  in  tke  nptmr 

^neoua  death  of  the  tisauea  without  any  aasignable  cauee,  as  ia  lOQit 

cades  of  aeniie  gangrene.     Sometimes  we  are  enabled  to  trace  tbis  slagss* 

tion  to  a  disordered  condition  of  the  circulating  fluid ;   as  in  the  gsngreot 

resulting  from  the  continued  uee  of  th6  *  ergot '  of  rye  or  wheat  |  but  wt 

can  give  no  other  account  of  thd  almoBt  invariable  Qommwieeiiicfli  of 

Buch  gan^ene  in  the  extremities,  than  we  can  of  tlie  selaeticm  of  leid, 

introduced  into  the  blood,  by  the  exbensoiB  of  the  fore-arm,^ — If  Morti£' 

cation  or   Molecular  Death  be  once  established  in  any  parti  it  tcmdi  td 

spread,  both  to  contiguous  and  to  distant  portions  of  the  body.      Tbni 

tve  have  continually  to  witness  the  extension  of  gangrene  of  tba  lamrn 

pxtremities,  resulting  from  severe  injury  or  from  the  use  of  llie  v^ 

from  the  small  part  first  aSTected,  until  the  whole  limb  im  involved;  uJi 

tliii  extension  is  easily  accounted-lbr,  by  our  knowledge  of  the  leodeacy 

of  organic  substances  in  the  act  of  decomposition,  to  produce  a  sinilir 

change  in  other  organic  eubstancea  subjected  to  the  ijiJiuence  of  proximi^ 

to  them.      And  the  propagation  of  the  gangrenous  tendency  to  ] 

|)arts^  is  obviously  due  to  the  perversion  of  the  qualities   of  th« 

which  residts  from  a  similar  cause,* 

679.  It  is  quite  certain  that  an  apparent  cessation  of  ali  ibe 
functions  may  take-place,  without  that  entire  loss  of  vitality  wlueh 
leare  the  organism  in  the  condition  of  a  dead  body^  liable  to  bo  s| 
^sintegrated  by  the  operation  of  chemical  and  physical  agencim. 
state  of  8jncope  is  sometimes  so  complete  that  neither  can  the  h^ut*si 
be  perceived  nor  any  respiratory  movements  be  observed,  all 
ness  and  power  of  movementi  being  at  the  same  time  abolished  ;  mod  < 
recoveiy  has  spontaneously  tajten  place,  wluch  could  acaroely  hare  1  ' 
the  case  if  alt  vital  action  had  l>een  suspended. — It  is  not  a  Httb 
remarkable,  that  certain  individuals  have  possessed  the  power  of  volvm^ 
tarih/  inducing  this  condition*  The  best-authenticated  case  of  litis  kisd 
is  that  of  CoL  Townsend,  which  was  described  by  I>r,  George  Cfaejite.f 
who  was  himself  the  witness  of  the  fact.  But  statemmita  haT^  been 
recently  made  respecting  the  performances  of  certain  Indian  Fak«ef% 
which  are  far  more  axtraordiaary ;  it  l^eing  demoDstmted,  if  these  i^kt* 
tiotis  are  to  be  credited,!  ^^^  ^^^  Human  oi^ganism  may  not  imJj  be 

*  On  ibeproxtTnaie  ca-nat^  of  D«Ath,  me  mpmMMj  tfae  Art-  'Dtstli^*  bjDr*  HjibimAl 
io  the  **  <7jo]op.  of  &n&t.  and  FhjB./'  vol  i. ;  llie  first  cli&pter  of  Prof.  Altft3ii*ii  **  OtttliAM 
of  Pfttbology  htid  Praclioe  of  Mediciue,"  wd  Dr.  C.  J.  B,  WIUianui^A  ''  Ptiataplm idl 
diw»"  Srd  edit.,  pp.  538-567. 

t  S«  hh  "  Tr^aliw;  pq  NervottR  DiseajitM,"  p.  307»       • 

$  Bee  a  cylloction  of  thes*  caucs,  dirsctlT  tjbtniued  from  BHttfth  officen  «t 
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voluntarily  reduced  to  a  state  resembling  profound  collapse,  in  which 
there  appears  to  be  a  nearly  complete  suspension  of  all  its  vital  operations, 
but  may  continue  in  that  condition  for  some  days  or  even  weeks,  until, 
in  &ct,  means  are  taken  to  produce  resuscitation. — Another  form  of 
apparent  death,  the  existence  of  which  appears  to  be  well- authenticated, 
is  that  sometimes  designated  as  *  Trance'  or  *  Catalepsy,'  in  which  there 
is  a  reduction  of  all  the  Organic  Functions  to  an  extremely  low  ebb,  but 
in  which  Consciousness  is  still  preserved,  whilst  the  power  of  voluntary' 
movement  is  suspended ;  so  that  the  patient,  though  fully  aware  of  all 
that  is  being  said  and  done  around,  is  unable  to  make  the  least  visible  or 
audible  sign  of  life.*  It  is  impossible,  in  the  present  state  of  our  know- 
ledge, to  give  any  satisfactory  account  of  these  states ;  but  some  light 
appears  to  be  thrown  upon  them  by  certain  phenomena  of  artificial  Som- 
nambulism, *  hypnotic'  or  *  mesmeric'  (§  576);  for  in  this  condition, 
there  is  sometimes  an  extraordinary  retardation  of  the  respiratory  move- 
ments and  of  the  pulsations  of  the  heart,  which,  if  carried  further,  would 
produce  a  state  of  complete  collapse ;  and  its  self-induction  is  suspected 
by  Mr.  Braid  to  be  the  secret  of  the  performance  of  the  Indian  Fakeers 
just  referred- to. 

880.  The  signs  by  which  real  is  certainly  distinguishable  from  apparent 
Death,  are  not  numerous,  a  large  proportion  of  those  commonly  rehed-on 
being  fallacious  ;  but  they  are  conclusive. — In  the  first  place,  it  is  to 
be  remarked  that  no  reliance  is  to  be  placed,  for  the  reasons  already 
mentioned,  upon  the  apparent  cessation  of  the  Heart's  action  and  of  the 
Respiratory  movements;  since  the  reduction  of  these  to  so  low  a  condition 
that  they  are  no  longer  distinguishable,  is  by  no  means  incompatible  with 
the  persistence  of  vitality.  A  surer  test,  however,  is  aflforded  by  the  con- 
dition of  the  Muscular  substance ;  for  this  gradually  loses  its  irritability 
after  real  Death,  so  that  it  can  no  longer  be  excited  to  contraction  by 
electrical  or  any  other  kind  of  stimulation ;  and  the  loss  of  irritability  is 
succeeded  by  the  appearance  of  cadaveric  rigidity.     So  long,  then,  as  the 

eye-witnesses  of  them  in  India,  by  Mr.  Braid,  in  his  "  Obserrations  on  Trance,  or  Hnman 
Hybernation,"  1850. — In  one  of  these,  yonched-for  by  Sir  Claude  M.  Wade  (formerly 
political  agent  at  the  Coort  of  Bonjeet  Singh),  the  Fakeer  was  buried  in  an  underground 
cell,  under  strict  guardianship,  for  tix  weekt;  the  body  had  been  twice  dug  up  by  Runjeet 
Singh  during  the  period  of  interment,  and  had  been  found  in  the  same  position  as  when 
first  buried. — In  another  case,  narrated  by  Lieut.  Boileau,  in  his  ^'NairaiiTe  of  a 
Journey  in  Bajwarra,  in  1835/'  the  man  had  been  buried  for  ten  days,  in  a  grave  lined 
with  masonry  and  covered  with  large  slabs  of  stone,  and  strictly  guarded  ;  and  he 
assured  Lieut.  B.  that  he  was  ready  to  submit  to  an  interment  of  a  twelvemonth's 
duration,  if  desired. — In  a  third  case,  narrated  by  Mr.  Braid,  the  trial  was  made  under 
the  direct  superintendence  of  a  Briti^  Officer,  a  period  of  nine  days  having  been  stipu- 
lated-for  on  the  part  of  the  devotee ;  but  this  was  shortened  to  three  at  the  desire  of  the 
Officer,  who  feared  lest  he  should  incur  blame  if  the  result  was  fatal. — The  appearance 
of  the  body  when  first  disinterred,  is  described  in  all  instances  as  having  been  quite 
corpse-like,  and  no  pulsation  could  be  detected  at  the  heart  or  in  the  arteries ;  the  means 
of  restoration  employed  were  chiefly  warmth  to  the  vertex,  and  friction  to  the  body  and 
limbs. — It  may  be  remarked  that  tiie  possibility  of  the  protraction  of  soch  a  state  (sup- 
posing that  no  deception  vitiates  the  authenticity  of  the  narratives  referred-to)  can  be 
much  better  comprehended  as  occurring  in  India,  than  as  taking-place  in  this  country; 
since  the  warmth  of  the  tropical  atmosphere  and  soil  would  prevent  any  seriop  loss  of 
heat,  such  as  must  soon  occur  in  a  colder  climate,  when  the  processes  whereby  it  is  gene- 
rated are  brought  to  a  stand. 

^  Several  such  cases  are  recorded  in  Dr.  H.  Mayo's  "  Letters  on  the  Truths  contained 
in  Popular  Superstitions/'  and  also  by  Mr.  Braid,  Op.  cit. 
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tnuBcle  reeains  its  imtability  and  remains  free  &om  ^gi6it^,  m  Umg 
may  my  with  certain^  that  it  is  not  deud ;  and  die  perajrt^iioe  of 
vitality  for  an  unusual  period  affords  a  pTesumption  in  fiiTOur  of  1^ 
continuance  of  some  degree  of  vital  action  in  the  body  geaexally;  iHiili^ 
on  the  other  hand,  the  entbe  Ion  of  imtabiUiy^  and  the  supesmeotkii  «f 
rigidity,  aJTord  conclusive  evidence  that  death  hm  ocscuired.  The  mam 
eatis&ctoiy  proof,  however,  is  given  by  the  ocenrrence  of  pttirejactiom ; 
this  usualJy  lar^  manif^ts  itself  in  the  blue-green  coloratioti  of  the  cuta- 
neous surtkce}  especi^illy  the  alxlominal ;  but  it  speedily  beconjas  appai«sit 
in  other  piarts,  its  rate  \)Gmg  usually  in  £ome  degree  of  acoordjuioe  with 
the  external  tempenmure,  though  also  much  inHuenced  by  tlie  p^rions 
condition  of  the  solids  and  tluids  of  the  body,  these  having  be^  some- 
times  lei%  by  diseased  aetions  in  a  state  that  renders  them  pecnliady 
prone  to  disintegration  (§  60), 


881*  With  the  final  restomdon  of  the  components  of  the  Hq 
Organism  to  the  InoTganic  UniveEse,  in  those  very  forms  (or  nearly  to)L 
which  they  were  first  withdrawn  from  it,  the  Corporeal  Life  of  MMm^  i# 
which  it  has  heea  the  object  of  the  for^t>ing  Treatise  to  sket^^h  the  kill- 
ing features,  eomes  to  a  final  dose.  But  ttie  Death  of  the  Bo*ly  is  bci 
tlie  commencement  of  a  new  Life  of  the  Soul ;  iu  which  (aa  the  reiagimii 
physiologist  delights  to  believe)  all  that  is  pure  and  noble  in  Man's  tisl»t 
will  be  refined,  elevated,  and  progressively  advanced  towurda  pcHeotm; 
whilst  all  that  b  carnal,  selfish,  and  degrading,  will  l>e  eliminated  by  1^ 
purKying  proc^ses  to  which  each  individual  must  be  subjected,  f  ' 
Sin  cmn  be  entirely  subjugated,  and  Death  can  be  completely  ^*  ^ 
up  of  Victoiy /' 
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Teicbmann,   on  the  lympliatics  of  the 

stomach,  79  ;  on   the  lymphatic  sys- 


tem, 127 ;  on  the  villi,  110 ;  on 
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Trousseau,  M.,  on  suspended  lactation, 
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re]  at)  I  in  botwoen  the  colouring  matter 
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Vogel»  on  excretion  of  urea,  337;  on 
tlie  urine,  405,  411. 
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division  of  the  sympathetlflL  il4L  THL 
734  ;  on  heat,  440  ;  on  pn|ii,  $»; 
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action  by  electro-magnetic  current, 
218  ;  on  effects  of  electro-magnetic 
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Whitehead,  Mr.,  on  menstrual  fluid,  758. 

Wiederhold,  on  constituents  of  expired 
air,  297. 

WiUemin,  on  cutaneous  absorption,  124. 

Williams,  Dr.  C.  J.  B.,  on  destruction 
of  blood-corpuscles,  188;  on  elimina- 
tion of  morbid  poisons,  218  note ;  on 
force  required  to  propel  the  blood,  215 
note;  on  sounds  of  hearty   223;  his 
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A. 

Aberratlont  cbroiDAtic  and  i[iherlcn1,  02S. 
Abortion,  780. 

Abac«»ais,  formadun  of,  363. 
Absorbent  Celb,  112,  113. 

Glandule,  125-131* 

Vei«ek,  110,  126  j  see  Lacteaii 

And  Lifuiph4ttic9. 

AflaoHPTiusr,  general  Daiure  of  tha  fatio- 
tioo,  115-118. 

From  AUmtniary  Cofut^  by  BIcxmI- 
TesielH,  113^  n&-118 ;  oircum- 
BtuM»i  ftffecting  mtd  of,  llS-l^O; 
by  l4icteab,  112, 119,  120. 

From  Bodi/  in  general^  by  Lyniphfttic§, 
109, 121-124,  125  ;  by  Sunguiffimuii 
ByBteta,  by  Inng^  296,  297. 

Of  Albirnieo,  119;  of  F»t%  120. 

OfV*poura,122. 

Of  effete  TiiBiiei,  8l2-3ia. 
Abfltajienoe  fmm  Food,  danttloti  of  lifo 

under,  5S,  S9. 
AcAtdiac  FoQtuji,  moTeSQent  of  blood  In, 

251.  252. 
Aoceafiory   N^rre,   origin  of,   503,  50^ 

510;  fonctKinH  of,  SH-517. 
AooommodAtioD  of  the  Eye,  phenomena 

ftcootnp&uymg,    $29-^31 ;    action    of 

dliary  moscle  in,  031,  632 ;  time   re- 

Quired  for,  632. 
Actdity  of  OoAttie  Jaioe,  cause  of^  80,  81 . 

'  of  Urine,  eauies  of,  414, 

Acoustici,  thefjry  of,  661, 

Adaptation   of  the    Eye   tO   objecta   at 

different  distances,  629*^32* 
Adhesion,  re[>aration  of  wound:}  by^  356, 

357 ;  secondary,  357»  358. 
Adolescence,     characterbtios     of,    893, 

ao4. 

.^blhesodio  substance,  52L 
Aifemnt  n«rv«'fibres,  441;^,  464,  469. 
Afnoan  Kaces,  868,  872-876, 
Afler  iensationSf  613,  6^  653* 
Aff^,  influence  of,  onoonipotltlonofblood, 
168 ;  on  rate  of  pulse,  226  ;  on  excre- 
tion of  carbonic  acid,  28S  ;  on  nwiritive 


adivity,  S48;  ou  excretion  of  ufis^  W*t 

on  power  of  oalorificatii>n,  127,  111, 
442 ;  on  rate  of  grotiftb,  831 ;  on  imte 
of  mortality,  829,  S30 ;  on  deoiacid  £3r 
food,  8«8. 

AfffM,  different,  ohamoterialias  of, 
833  ;  fcetal  life,  B83-835 ;  ia&ncyJ 
897;  cbildbood,  887-8»2-  youUi,! 
adoleeoenoe,  89^-896;  mi^turitT,  994^' 
897  ;  decline,  897.  S'>n ;  old  agV,  SSt. 

Air,  composition  of,  S87  n^ttt ;  elEeete  of 
rarefaction  of  on  Mao,  2S3 ;  alN^* 
iions    in,    by    EespiFatioi^   t$t  («a 

impui^  300-317, 

Air-cells  of  tbe  Liingf»  46?- 

Ati^aaca  of  the  Lungs,  $06,  267. 

Albinoiinn,  851. 

Albumeti^  feeble  dialysing  power  ol»  nS|l 
assimilation  of,  119  •  nornial  propor^^ 
tion  of|  in  Blood,  166 ;  vari^Uonfl<  d^  [ 
tn  disease,  183^  134;  usee  of;  ^5,  335; 
traniudation  of,  366,  399 ;  oon^eamm 
of,  inia  fat,  340. 

Albumincee,  91,  92 ;  see  Pepton*, 

Albuminous  oonstituents  of  food*  SS,  $9^ 
42  ;  importance  of  admixtutv  «|^  wftb 
oil  and  statch,  42,  43  ;  digtvyoti  «C 
82,  83,  91-93  ;  inflnenoe  of,  on  t 
tion  of  tirea,  50,  333,  408; 
morphosis  of*  in  the  body,  336, 

Albununuris,  36,  3&9. 

Alcobol,  Injurious  resnlba  nf  habitoal  ^ 
of,  49,  50:    rapid  absomioii  of;  ll||~ 
its  tendency  to  produce  &4ijf  dti^m»i 
tion,  346,  347 ;  on  kidney,   417  ; 
of,  in  feTcr^  425, 

Alfour^.m  Baee,  S79. 

Aliment,  tee  ^ood 

Alitncutaiy  Canal,  defe&ofraniml  cdL  794L 
806,  807.  I 

AlkaEes,  etfecl  ol^  on  urtoo^  417.  I 

Alkaline  Fho»phat<s,  in  bbod,  l€t,  34t; 
in  nrine,  406-412, 

Sulpbates,  in  urtn«^  413. 

Alkalinity  of  Blood,  tmportaAoe  of. 


of  Urin^ 


<  111, 
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Allantoifl,  developinent  and  uses  of,  800, 

801. 
American  Haoe,  876. 
Amnion,    development    of,    795,    796  ; 

liquor  of,  801. 
Amphioxus,  nervous  system  of,  459. 
Amylaceous    substances,    digestion    of, 

85,  91. 
Amyloid  substauce  of  the  liver,    387, 

892 ;  see  Olycogeny. 
Analgesia,  580. 
Andaman  Isles,  Mincopie  Bace  of,  879 

note. 
Anaemia,  state  of  blood  in,  171. 
Anelectrotonus,  485 ;  extrapolar  centri- 
fugal, 489 ;  extrapolar  centripetal,  490. 
Ancon  breed  of  sheep,  860  note. 
Animal  Heat,  426 ;  see  B^eat,  Animal. 
Antiperistaltic  action,  nature  of,  64. 
Aorta,  development  of,  796,   797,   802, 

803. 
Aphides,  multiplication  o^  5. 
Aplastic  Exudations,  369,  870. 
Apoplexy,  predisposition  to,  182. 
Apparent  Death,  904-906. 
Apyrenaemata,  153. 
Arab  Race,  868. 
Arciform  fibres  of  Medulla  Oblongata, 

502. 
Archencephala,  17. 
Area  Germinativa,  794. 

Pellucida,  794. 

Vascular,  797. 

Arian  Bace,  866,  867. 

Arrest  of  Development,  820  ;  of  circu- 
lating apparatus,  803;  of  sexual 
organs,  813,  814;  of  the  sternum,  816; 
of  visceral  arches  of  face,  820. 

Arsenic,  elimination  of,  from  body,  204. 

Arseniuretted  Hydrogen,  action  of,  on 
Blood,  204  not4. 

Arterial  Blood,  dififerential  characters  of, 
171-177;  cause  of  colour  of,  177; 
absence  of,  a  cause  of  muscular  con- 
traction, 217,  693. 

System,  first  development  of,  796- 

800;  subsequent  changes  in,  802-^04. 

ArterieSf  movement  of  Blood  in,  229- 
246  ;  diameter  o^  235  ;  properties  of 
coats  of,  230-233  ;  uritability  of,  231, 
232  ;  influence  of  electrical  and  other 
stimuli  upon,  231,  232 ;  influence  of 
nerves  upon,  232 ;  tonicity  of,  233,  234 ; 
elasticity  of,  234 ;  pulsation  of,  235- 
240 ;  lateral  pressure  of  blood  in,  240- 
244  ;  rate  of  movement  of  blood  in, 
244,  245. 

Arthritic  diathesis,  42,  43. 

Articulate  Sounds,  production  of,  722- 
727;  vowels,  661,  723-725;  con- 
sonants, 725-727. 

Arytenoid  Cartilages,  711  ;  movements 
of,  711-715. 


Asphyxia,  pathology  of,  800-304;  in 
relation  to  capilUry  circulation,  253- 
255;  death  by,  299-302,  902,  903; 
imperfect  closure  of  tricuspid  valve  in, 
222;  increased  pressure  within  sys- 
temic arteries  in,  254 ;  gases  contained 
in  the  blood  in,  802  ;  length  of  time 
required  to  produce  fatal,  301. 

,  Cutaneous,  424,  436. 

AgsimUation,  125  ;  performed  by  Liver, 
882,  392  ;  by  Absorbent  system,  129, 
183;  by  Vascular  glands,  144-146, 
179. 

Associated  movements,  697,  704. 

Asthenia,  death  by,  902. 

Asthma,  spasmodic  contraction  of  bron- 
chial tubes  in,  269. 

Astigmatism,  628. 

Atavism,  786. 

AtlantidflB,  868. 

Atrophy,  852-354. 

Atropine,  effect  of  solution  of,  on  the 
Eye,  634. 

Attention^  effect  of,  on  acuteness  of 
Touch,  615,  616  ;  on  Taste,  621-623  ; 
on  Smell,  626  ;  on  Vision,  658 ;  on 
Hearing,  672. 

Expectant,     production     of 

Movements  by,  735  ;  influence  o^  on 
Organic  functions,  743-745. 

Auditory  Ganglia,  505,  538. 

Nerves,  543 ;  ultimate  dis- 
tribution of,  662,  663  ;  effects  of  sec- 
tion of,  547. 

Automatic  activity  of  Spinal  Cord,  534- 
536 ;   of  Sensory  Ganglia,  551-554. 

Axile  bodies,  of  tactile  papillss,  608, 
609. 

AlxIs,  Spinal,  492-^07. 

Azygos  Veins,  804. 


B. 

Bahuice  of  vital  economy,  324-348  ;  see 
Vital  Economy. 

Baltimore,  Cholera  at,  310-812. 

Barrackpore,  mortality  of  troo|>s  at,  814. 

Basque  Bace,  867. 

Beer,  as  a  beverage,  49. 

Bellary,  Cholera  at,  808. 

Berber  Bace,  869. 

Bile,  secretion  of,  by  hepatic  cells,  881, 
382 ;  from  venous  blood,  379  ;  exore- 
mentitious  character  of,  878,  886  ; 
partly  formed  from  products  of  disinte- 
gration, 384,  385  ;  partly  from  newly- 
absorbed  materials,  386,  387  ;  its  rela- 
tion to  albuminous  compounds,  385 
note  ;  vicarious  secretion  of,  378,  376  ; 
composition  of,  882,  383  ;  quantity  of, 
100, 101 ;  its  uses  in  digestion,  98-100  ; 
aids  the  absorption  of  fat,  99  ;  anti- 


ieptic  properties  of,  09  ;  it»  ra'abaorp- 
tioufromintegtiiiB,  107,  334,  3Sflwoi#; 
lea  preaecLce  In  f»oe«.  107,  336  ffo^ 

Mb-pt^ent,    S83 ;     lU    paa^age    utto 
nrine,  376* 

Biliary  ceWn,  33L 

— ^ resin,  S83. 

BUifuLvijjfl,  333. 

BUtverdiiie,  385. 

Blaatodennlc!  Membrane^  7^0, 

Vesicle,  794 

Blind  penone,   acutene«»  of   touc^   in^ 
61  fl  ;  iinprovenieTit  of  he&rmg  in,  672, 

Bu>OD,  general  character  Btid  purposes 
of,  147  J  qqnotity  of,  US,  14&  ; 
urea  in,  1  43^  ItiO  ;  temperature  of, 
III  TimouB  par£%  150;  or^tals  of^ 
155 f  156  ;  pneumatotogj  of,  172- 
175. 
C<mp<^iiioti  o/,  tn  liealthj  1^7*  15S, 
165-^108  ;  modificatioQ  of,  by  age, 
168  i  by  sex,  168,  16&  ;  by  food  ajid 
drink,  11*9,170;  by  loss  of  bloi.id,  171; 
differetiees  of  Artenal  and  Yettoui, 
17t,  177;  pecuiiadtiea  of  portal 
blood,  i77i  17B;  of  mesent^rio  bloody 
173  ;  of  splenic  blood,  ll€,  17t^ ;  of 
hepatic  vein,  173 ;  of  refuJ  Teln, 
180,415,  4 le. 
Compaaititm  o/,  m  .Dueo^  180-185  ; 
increase  of  Bbrin,  131 ;  diminution 
of  fibrin^  183  ;  increaee  of  red  cor- 
pu^les,  1 S^  I  diminution  of  red 
oorpusolea,  1S3  ^  incteoiie  of  oolour* 
Isim  corpuscles,  133  ;  dimiiiQiinn  of 
albumen,  183,  1S4  ;  iuorease  of 
fiitty  matter^  184  ;  altered  propor- 
tion of  ealtfl,  185  ;  of  water,  185  ; 
prepuce  of  poisons  in,  185^  200, 
203-213. 
Cofpniclts  of,  Iir.d ;  form,  si*e,  and 
Atpec't  of,  152-155  ]  composition  of, 
155  ;  inSuenca  of  ivagenis  en,  158  ; 
tendency  to  aggregation  of,  159  ; 
production  and  diaintegrAtion  of, 
162-165 ;  embryonic  development 
of,  163,  164  1  subsequent  deTelop- 
ment  of|  ftxim  lympli-corpuAclen,  1G3, 
164  ;  change  of  colour  in,  by  respi- 
ration,  177  ;  tboir  uses,  198  ;  varia- 
tions  in  amoiint  of,  in  disease,  182  ; 
del t ruction  of,  102  ;  mutual  attrac- 
tion of,  in  enagnUtion,  187^  195  ; 
adbesion  of,  to  walk  of  resaela,  25  4. 
Coffpuideg  oft  Caloufieti ;  form,  size, 
Mid  aspeet  of)  159,  160;  peculiar 
movement  of,  in  capillaries,  160 ; 
cbaage  of  form  of,  161  ;  numerical 
pmportioD  ef,  to  red,  161  ;  dey^lop- 
inent  of^  into  r^  162-1B5;  tbetr 
tti«i,  198,  199  ;  their  yarjations  in 
mmibef,  161,  179  ;  multiplication 
off  III  disease,  183. 


Prtmure  fsf,  against  ai 
Pfvprrfia  uf,  Pht0UKtit 
PrQpertiei  of,   Vkai, 

iation  of  (»ee  CoagulatiOii|) 
nses  of  ftbrin  of,  11^7  ;  u 
puscleiof,  197-199;  u;9es 
of,    3*^5  ;  Udcs  of  Iktty 
341  ;  vtSiGi  uf  inorgaciie  c 
i>f,  342  ;  pitrificatioii  of, 
tnry  pmcessea,  342  ;  com) 
dtjtermiues  Tnodea  of  ntitr 
205,  SIS ;  Lifeof,  203, 213 
b^niag  power  of,  2r»3,  20 J 
lion  of  pobona  from*  201^ 
tammation  of,   by  Diorbii 
207-213* 
R<»if  of  Pf9puhi<M  o/,  by 
245  ;  mte  of  movement 
arteriea,    245 ;    through 
219  ;  tbrougb  veins^  2S7, 
Blood- vcsseb,  Abaorfitioti   bv^ 
menlJiry  caual,  114|  115  ;  ' 
In  geneJTii,  113-120  ;  influei 
of,  on  coagulation  of  conbii 
192,    193;     ^9e   /Ir^^ei,    C 
Vdnt. 
Blood -relatlqiifl,  cfifecta  of  naj 

786, 
Bone,  degeneratba  and 

344,  345* 
Brocby-cephall,  865  i»<j|e. 
Brain,  of  Man,  compart  w| 
Ap««,  29  ;  see  Cf^t^Brum^    C 
and  Sen^wy  Gajtfffiu, 
Branohlal  Ai^hes,  796,  707,  61 
Bread,  bad  e(M>noaiv  of  is^coluAit 

3S,  39. 
Breeds  of  Animak,  onginAtld 

860, 
Brigbt's  di«eaM  of  KidtM^^ 

itate  of  blood  in»  188, 
Bronchial  lubesi,  contm^iiUty  a 
Brondnff  of  th^  Skin,  141 . 
Brunuers  Glands,  97,  102h 
Ba%  Coat  of  blood,  195,  1M< 
Bulbna  arteriosus,  799. 
Buflhmen,  of  Sotithem  Africik^ 


Calabar  bean,  effeet  of  aoluti 

eje,  634. 
Calculi^  black  bole  of^  SO  4. 
Cabrifjing  Power,  mtmroem  <ifj 

see  ifeal.  ^* 

Calory,  or  Unit  of  Heat*  437. 
Cancerous  growtbfl,  318  iKuft, 
Capacity  for  progrev,  a  ehat^a 

Man,  32. 
Citpiihrk^f  structure  of,  24<|, 

meter  of,  247;   arrangetne^ 

rate  of  movement  nf  blocnl 
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249 ;  its  yariations,  250-253  ;  its  in- 
dependeDoe  of  heart's  action,  250  - 
252  ;  its  regulation  by  conditions  ope- 
rating in  capillaries  themselves,  251- 
257  ;  influence  of  nervous  system  on, 
256 ;  influence  of  shock  on,  256. 

Carbonic  Acid,  in  Blood,  172-175 ;  in 
arterial  blood,  174  ;  in  venous  blood, 
174 ;  sources  of  production  of,  in 
system,  263,  266 ;  its  exchange  for 
oxygen  in  respiratioo,  287 ;  circum- 
stances affecting  quantity  generated, 
288-293;  extrication  of,  from  skin, 
293-296  ;  elimination  of,  in  atmo- 
sphere of  nitrogen  or  hydrogen,  29. 

Caput  comu  of  the  grey  substance  of  the 
spinal  cord,  494. 

Cardiac  plexus  of  Sympathetic,  730. 

Cardiometer,  243. 

Carnivorous  animals,  excretions  of,  333. 

Casein  of  Milk,  839. 

Castration,  influence  of,  on  growth  of  hair 
and  horns,  202. 

Catalepsy,  cases  of,  905. 

Cathelectrotonus,  485,  486 ;  extrapolar 
centripetal,  487 ;  extrapolar  centri- 
fugal, 490. 

Caucasian  Race,  865,  866  ;  variety  of 
colour  in,  852. 

Celtic  Eace,  867. 

Cephalic  Ganglia  of  Invertebrata,  452, 
545. 

Nerves,  general  character  and 

reUtions  of,  518,  519. 

Cerebellum,  peculiar  to  Vertebrata,  460, 

562  ;  structure  and  relations  of,  562, 

563  ;  relative  development  of,  in  dif- 
ferent animals,  563  ;  results  of  experi- 
ments on,  564 ;  pathological  pheno- 
mena of,  566,  567 ;  functions  of,  567- 
674. 

Cerebro-spinal  fluid,  681. 

Cerebro- Spinal  Syttem,  see  Nervous  Sys- 
tem, Cerebellum,  Cerebrum^  Medulla 
Oblongata,  Sensory  Ganglia,  Spinal 
Cord, 

Cerebrum,  peculiar  to  Vertebrata,  459, 
575  ;  its  inferiority  in  lower  Verte- 
brata, 575  ;  its  relative  size  in  dif- 
ferent animals,  580  ;  its  vast  pre- 
dominance in  Man,  574,  577 ;  varia- 
tions of  size  in  him,  580 ;  its  structure, 
575-579  ;  cortical  substance,  576  ; 
medullary  substance,  576,  577;  its 
radiating  fibres,  678  ;  its  commis- 
sures, 578,  579  ;  its  weight,  580  ;  its 
supply  of  blood,  580,  581 ;  lym- 
phatics of,  581  note;  development 
of,  821-823. 
Functions  of,  582,  589  ;  its  relation  to 
Intelligence  as  contrasted  with  In- 
stinct, 582,  583  ;  effects  of  its  re- 
moval, 545,  646,  586;  information 


deducible  from  its  pathology,  587; 
its  functional  connection  with  Sen- 
sory Ganglia,  587,  588. 
Cervix  comu  of  the  grey  substance  of  the 

spinal  cord,  494. 
ChalazsB,  755. 

Change  of  matter  required  for  perform- 
ance of  Organic  functions,  324-342. 
Childhood,  characteristics  of,  887-892; 

diseases  of,  887-890. 
Chimpanzee,  comparison  of,  with  Man, 

19-29. 
Chloride  of  Sodium,  in  blood,   167;  in 

urine,  406,  418. 
Chlorosis,  state  of  blood  in,  182,  188; 

treatment  of,  183  note. 
Chorda  dorsalis,  814. 
Cholera,  state  of  blood  in,  182,  185 ;  in- 
fluence of  putrescent  food  in  develop- 
ing,   48  note;  influence  of  imperfect 
respiration   in  developing,    305-313 ; 
thirst  of,  relieved  by  saline  injections, 
54. 
Cholesterin  in  Bile,  383,  385  ;  in  Blood, 

166  ;  increase  of,  in  old  persons,  203. 
ChoHc  and  Choleic  Acids,  383. 
Choline,  384. 

Chords  Vocales,  regulation  of  their  ten- 
sion, 711-713  ;  nature  of  their  action, 
713-720. 
Chorion,   formation  of,   767;    tufts  of, 

770,  771. 
Chromatic  Aberration,  628. 
Chyle,  composition  of,  131,  132 ;  micro- 
scopic characters  of,  133,    134 ;  assi- 
milation of,  126  ;  quantity  of,  134. 
Chyme,  formation  of,  bydig^tive  process, 

88-93. 
Cicatricula,  755. 

Cicatrization,  process  of,  356-361. 
Ciliary  ganglion,  509,  731. 

muscle,  function  of,  631. 

CiBCDLATiON,  214  ;  general  plan  of,  214- 
216  ;  action  of  Heart  in,  216-229 
(see  Heart) ;  action  of  Arteries  in, 
229,  246  (see  Arteries);  action  of 
Capillaries  in,  246-257  (see  Capilla- 
ries) ;  action  of  Veins  in,  257-260 
(see  Veins). 
Peculiarity  of^  in  Cranium,  260,  581 ; 

in  Erectile  tissues,  262. 
In   Foetus,   early  type  of,    796-801; 
changes  in  plan  of,  802-804;  plan 
of,  in  mature  foetus,  804-806. 
Civilization,  influence  o^  on  form  of  skull, 
857, 858  ;  on  body  in  general,  858,  859. 
Claremont,  lead-poisoning  at,  48. 
Cloaca,  810,  812. 

CoaguUble  Lymph,  effused   for  repara- 
tion, 357 ;  in  inflammation,  366-368. 
Coagulation  of  Blood,   186 ;  essentially 
due  to  solidification  of  fibrin,  1 87  ;  an 
act  of  vitality,   191  ;   occasional  defi- 
3o 
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1^1  ;  effect  of  eKt«rD»l  ii^neocs  on, 
im-in  ;  loflgeiioeof  r«rt,  190  ;  infta- 
cnee  nf  waimth,  190  ;  tMetA  4>r  Deacril 
nltip  191  t  «ffoei  of  ^xcloron  of  &I* 
ntospbcnvr  190;  elinuQ^^tioQ  oliiiiiiiiom* 

dimng,  191;  Ififiueoce  of  deprcwnl 
Titalitj    or    dath   of    Tcaick,    193; 

iafiiuraoe  of  admi^ltire  of  d^A  miUitr, 

193;  T^rjiogproportioiiAof  senunjyid 

dot^  194  ;  foniMtum  of  bvSy  oo*t  In, 

195. 
Cochlea  ttnicttire  of,  662,  063;  fnuettOQi 

of,  669,  670. 
C^icyeAr  Dsm^  diitribation  of,  630,  631* 
Ccpliac  ganglia,  riffeciy:  of  eitLqxatioa  ol^ 

83, 
Coff««,  composition  vif  52  ;  eSocta  of  tue 

ofj  52,  416. 
Goitioii^  share  of  Mais  ia,  7£i2^  75S  ^  of 

Female,  700,  761. 
Cold,  mflu^tioe  of,  on  tomtdly  of  aiieiiea, 

234  ;  power  of  r«BLHting,  vamtioa  o^ 

with  ag«,   i27 ;  power  of  genervtrng, 

443  ;  dcatli  by,  434,  903, 
CoUoidt,  pTOpertiea  of,  118,  119, 
Colon,  jue  of  i&otmll  of,  69. 
Oolottniiii,  m^  839,  S4L 
Cobmr  of  Blood,  changes  of,  176,  177^ 
of  Skin,    Tanatioa   of,   in  Man, 

851-S53. 
Coloui?,  watit  of  power  to  dlscrinuDiittc, 

654,  655,  070  ;  produi^on  of  comple- 

menlazy,   653,  054  ;  modifimUon  of, 

bj  jaxtapodtion,  654. 
Colourlew  oorpuMctoB,  151^ ;  see  J?fo^. 
CotnmiiSureB  of  Corebram,  673,  67&. 
Conip]«tneiital  Nutrituiti,  dootriae  of,  201, 

202. 
Cbmplementazy  Colours,  653,  654. 
Concoption,  jMJt  of,  776. 
OoDdtictioQ  of  sonoroufl  vihratiofti,  664, 

065. 
Congofftioo,predmpoaitic»ato,  182;  tod  cms, 

G&ujea  of,  259,  260, 
Gonia^  action  or,  on  motor  aerres,  63 &. 
Con  neetire  lias  oea,  24  S. 
Conacioatnesa,  se»t  of^  la  Seosoij  C^n* 

glift,  650,  651,  587-539, 
Converaiona  of  Rjslief,  651,  662* 
Oo'orilifintion  of  Movemoni^  the  proba- 
ble fanction   of  the  CerebeUam,  567  ; 

iufluence  of  habit  oti,  696. 
Oord|   Spmal,    eiructune    of,    492-^07 ; 

functioni  of,  5 1 9-53H ;  iee  Spiwd  A^, 
Coronaiy  Art^Hea  of  Hearty  ^SoiM  of 

ligature  of,  210, 
Corpora  Amylaqea,  34,  393. 
—  Matpighiana,    of  Kid  nay,    394- 

397 ;  their  u«»,  393  i  of  Spleen,  1^7, 

138;  uaea  of,  145. 

Oliraria,  601-505. 

Fyramidalio^  601, 


Wolffian^  8<09,  8ia 


iSS; 
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Corptia  C^UiMiav  678^  S79 
fideo^  oi;  579  mott, 

Lntenm,  fonsatkni  of,  T^l-T-M* 

CorptiKlei  «^f  Bktod,    red^    152;   wyb^ 

U9-  9BeBUGd^ 
of  ChyK  132,  1S3;  tfcerliiM- 

formation   iuto  blood-ooranaflja^  l$l, 

Correlation  of  fore*,  doctniie  d^  If 
Coughing,  aci  of,  2B1. 
Ciauial  Tertebrc,  Si?. 
Craoio-SpiDal  Axi»,  the  1 

tion  of  the  Cerebro-Bpittal  Sjvlaii,  < 

459  ;  developnieiit  of,  821 ;  aoe  Jf«' 

Oblifngata  and  Spt«ta|  CV^ 
Grauifsm  of  Man^  4?onipKred  wiUi  tbil  «f 

Apei,  2t-^,  29-30  ;  di^nsl  ' 

of,  354,  353 ;  pecoUaritj  of 

m,  262,  530,  581. 
Cfwitametifeam,  137,  195  ;  propottwi  «^ 

tos^mia,  194. 
Creatine  and  Cr«atuikie,   c^m^mt^a^  td 

blood,  107,  340 ;  of  arine,  ilO,  4U- 
Critical  eracnationa,  4tS. 
Chttm  Cerebri,  motor  and  noaorj  tneU 

of;  507  ;  effects  of  teefeiiofi  oI;M9. 
Crying,  act  of,  280, 
C^yatak  of  Blood,  155,15^. 
Cryttalloidfl,  properties  of,  1 1 S. 
Conyra,  ita  effe«t«  on  maiot«i^  ^89;  j 

Woormrm, 
Cataneoui  Aaphyxia,  424,  43C 

«    EeapiratiQe^  293. 

"    Traniptratioa,  4S&-4S3  |  am 

CyitB,  plHferotii  and  dentigwoai, 


B. 

Ihdtoniflin,  655* 

Deaf  aad  Dumb,  65d,  722. 

JJealk^  the  neoenaij 

Life,  882,    900;    eomalie,    tOI^Ot? 

molecular,  903,   904;     apparani  aad 

real,  904-906  ;  aign»  o^  905,  906. 
Decidua,    fortaation    of,    7^-7 70 ;    ita 

ihare  in  fonnation  of  placttAlsp  JlCk 

772. 
Decline,  period  of,  897,  S9&. 
Defecation,  act  of.  70,  531, 
Jkffemtriition,  continual,  of  ItTing  1 

320^24;   of  mueelo,     343,    Z$$; 

bone,   343-345;    of   te«th,    347 1  b» 

creased  teodencj  to^  in 
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362,  863 ;  of  lymph  and  its  prodacts, 
366,  867. 

DegeneraHcUf  Calcareoug,  898. 

Fatty,  846-847 ;  favoured 

by  habitual  use  of  alcoholic  liquors, 
49,  50,  846,  847  ;  tendency  to,  during 
period  of  decline,  898 ;  of  .Uterus,  846, 
778. 

Deglutition,  act  of,  61,  62 ;  nerves  of, 
63,  64. 

Dentition,  first,  886,  887  ;  second,  890- 
892. 

Determinations  of  Blood,  local,  causes  of, 
262,  263. 

Deutencephalon,  development  of,  822. 

Development^  a  source  of  demand  for  nu- 
trition, 319,  820 ;  its  difference  from 
growth,  320  ;  arrest  of,  320,  803, 818, 
814,  820  ;  period  of,  883-896. 

Development  of  Embryo,  general  plan  of, 
789,  792  ;  earliest  stages  of,  792,  793; 
seraentation  of  yolk,  793 ;  rotation  of 
yolk,  793;  formation  of  Blastodermic 
vesicle,  794 ;  foundation  of  Vertebral 
column  and  Nervous  centres,  794-796 ; 
development  of  Amnion,  796,  801; 
first  appearance  of  Vessels,  796,  797 ; 
Vitelline  vessels,  797 ;  Umbilical  ves- 
sels, 797  ;  Hepatic  vessels,  797,  798 ; 
Ductus  venosus,  798 ;  Heart  and  Arte- 
rial system,  799,  804-806 ;  Allantois, 
800 ;  Venous  system,  803,  804 ;  Ali- 
mentary canal,  806,  807  ;  Liver,  807  ; 
Spleen  and  other  vascular  glands,  139- 
146;  Lungs,  808,  809;  Urinary 
organs,  809-811 ;  Generative  appa- 
ratus, 811,  814;  Mammary  gland, 
835;  Skeleton,  814-821;  Vertebral 
column,  814-816;  Skull,  817-821 ; 
Nervous  centres,  821-823;  Cephalic 
nerves,  461,  619,  620 ;  Eve  and  Ear, 
823-826 ;  organ  of  Smell,  826,  827 ; 
of  the  Extremities,  827. 

Dichrotous  Pulse,  238-240. 

Diet^  Animal,  39 ;  Vegetable,  39 ;  mixed, 
39  ;  of  trainers,  46  ;  different  scales  of, 
43-45  ;  influence  of,  on  composition  of 
Blood,  170 ;  on  Respiration,  290 ;  on 
Excretion  generally,  331,  338;  on 
composition  of  Urine,  408. 

Digestion  : 
Buccfd,  71,  74,  76. 

Oastrie,  a  process  of  chemical  solution, 
88 ;  time  required  for,  89,  90 ;  li* 
mited  action  on  azotized  substances, 
91,  93 ;  influence  of  various  con- 
ditions on,  98. 
Intestinal.,  influence  of  pancreatic  fluid 
in,  93-98 ;  of  bile  in,  98-101 ;  of 
succus  entericus,  102-104  ;  its  uni- 
versal efficacy,  102,  103. 

Digitalis,  action  of,  on  hearty  229  note. 

Dingo,  Australian,  breeding  of^  860  note. 


Direction  of  sounds,  judgment  of^  671. 
Direction,  visual  sense  of,  641,  642,  667. 
■,  Centre  of,  667. 


Discus  proligems,  764. 

Disdiaclasts,  676. 

Disintegration  of  Tissues,  see  Degene- 
ration, 

Distance,  adaptation  of  eye  to,  629-632; 
visual  appreciation  of,  644,  647-660; 
auditory  appreciation  of,  671,  672. 

Diuretics,  effect  of,  on  urine,  417,  418. 

Diurnal  Variation,  of  pulse,  228 ;  of  re- 
spiration, 292 ;  of  temperature,  427, 
428. 

Dolicho-cephali,  866. 

Dormant  Vitality,  2  note. 

Double  Monsters,  861,  883. 

Dreaming,  698,  601. 

Dublin  Lying-in  Hospital,  mortality  in, 
816. 

Drink,  water  the  natural,  48  ;  influence 
of,  on  composition  of  blood,  170  ; 
effects  of  Alcoholic,  49,  60,  346,  347. 

Ductless  Glands,  structure  and  functions 
of,  136-146. 

Ductus  Arteriosus,  803,  805. 

Cuvieri,  804. 

Venosus,  798. 

Duration,  relative,  of  different  parts  of 
the  Organism,  342-846  ;  of  ader  sen- 
sations, 613,  623,  627,  663,  660. 

Dnvemey*s  Glands,  760  note. 


E. 

Ear,  external,  670  ;  internal,  662,  663, 
668,  670  ;  development  of,  826,  826  ; 
see  Hearing,  Organ  of. 

Earthy  Phosphates  in  urine,  405,  412. 

Economy  baUnce  of  vital,  824  ;  see 
Vital  Economy. 

Efferent  nerve-fibres,  449,  468,  464,  467. 

Egesta,  chemical  composition  of,  for  one 
day,  326  ;  relative  proportion  of,  dis- 
charged by  different  excretory  organs, 
327. 

Ejaculatio  Seminis,  763  ;  its  independ- 
ence of  sensation,  682,  634. 

Ehisticity  of  Arteries,  260;  of  Veins,  267; 
of  Lungs,  269;  of  walls  of  Chest,  272. 

Election,  seats  of,  200. 

Electricity,  Evolution  of,  in  living  body, 
446,  447  ;  connection  of,  with  nutritive 
and  secretory  operations,  447;  Muscu- 
lar current  of,  683,  684 ;  disturbance 
of,  in  muscular  contraction,  684,  QSb  ; 
Nervous  current  of,  476-480 ;  dis- 
turbance of,  in  nervous  action,  478. 

Influence  of,  on  coagulation  of 

blood,  189 ;  on  action  of  heart,  218  ; 
on  arteries,  232  ;  on  mesocephale,  660 ; 
on  nerves  of  special  sense,  607. 
3o2 
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Erobrjo,  developmefUt  of,  i««  iHmi^' 

Bmbryonlc  lifoj  peculiArttles  of,  8S2,  888. 
Eminetropia,  *j3*i, 

Bmoiick*,  excitation  of,  bj  muscular  aug- 
gestion,  60^,  003  ;  iLieir  action  <sd 
organic  functlonSt  7S5  ;  ioflueiice  of, 
OD  atflmniertng,  728. 

EndoBmomoter,  116. 

Enteric  finid,  digesttve  power  of,  102, 
103. 

Epenc<!j>halonj  deryelopment  of,  S22,  823, 

Epidemic  Dtaeateif  predkpoBitiou  to,  in 
Btato  of  BlooJ,  207,  208  ;  fronv  pu- 
tresoent  food,  46,  48  ]  from  putrescent 
waiter,  48,  4!) ;  from  alcobohc  liquorif 
49,  50  ;  from  Btarvation,  57 ;  from  in- 
sufficient  pespimtjan,  304,  317* 

Epithelbi  celk  of  Vim,  112,  113  note, 

• tkfluett,  €JtuvtJ(tiot]  and  repJioo- 

mant  of,  343,  355, 

Ereotile  tisBneSj,  oircuUtion  in,  262. 

Erection,  nerves  inflnencing,  262,  263, 

Erect  Vieion,  cause  of,  641,  642, 

Bcquinmux  Uace^  876,  877  ;  pjimmidfel 
ikult  of,  855,  856. 

Ethiopiati  Raco,  872-874. 

Eiiropei.ti  Nations,  866-869. 

EuBkanan  Language,  S67. 

Euitaciiian  Tube^  functions  of,  607. 

Vftlve,  uses  of,  805. 

Eie^iifi' Motor  Actiona  of  Spinal  Axis, 
524-530  ;  their  independence  of  aen- 
■ation,  524-523  i  their  adaptive  charac- 
ter, 52!) ;  their  relation  to  the  Organic 
functionH,  530-532  ;  their  mi baervie nee 
to  locomotion,  534,  535  ;  their  esUh* 
liahment  bj  babit^  5d^, 

ExcRETTOtr,  genera!  nature  of,  371 ; 
Bourcea  of  deniaud  for^  372,  378;  atatict 
of,  371-376  ;  complementary  relation 
of  different  modes  of,  873  ;  vioarioua 
forma  of,  375,  376, 

Excretion,  oompo&ition  of,  106. 

Exorcise,  influence  of,  on  eneretion  of 
oarhonio  acid,  291 ;  on  composilioa  of 
urine,  403 ;  on  temperatore  of  hody, 
429. 

Exhalation  of  aqueous  vapoar,  from 
Lungs,  293,  294 ;  from  Skm,  420, 
423  ;  frigorirjing  effoct  of;  444. 

Exhaustion,  Death  by,  caoses  of,  435, 
902. 

Exp^itant  Attention,  735. 

Expiration,  moFenienti  of,  270,  271; 
force  required  for,  271. 

ExtcmaUty,  elementary  notion  of,  562. 

Extractive  of  Blood,  167  ;  of  Urine,  406, 

Extra-uterine  foatation^  764,  779,  780. 

Exudations,  reparative,  356,  357 ;  inflam- 
mato(7,  360-369. 

Exuviation  of  eflete  I^ues,  343,  344, 
S47. 


Epe,  optical  structure  of,  62^-IE31> : 
adaptation  of  to  dig  tan  oe^  629-6112  ; 
neTvoUi  OT^gani^alion  of,  see  Raima; 
use  of,  in  Vision,  aee  Vmon  ;  devolep- 
meat  oC  823-825, 

Eyes,  convergence  of  ajcea  ol^  in  object^ 
632,  633,  644,  703,  704 ;  inovatiaito 
0^  directed  by  Tiiual  m<am,  5^; 
relation  of  Will  to,  559,  5€0 ;  to- 
mooy  aod  Bymmetry  of,  700-705* 


Facial  Angle  of  Mao  and  Ape%  25. 
Nerve,  505,512,  5i4. 


F»ceB,  composition  of,  104—106  ; 

of  their  peettliAr  conJtituentB,  197. 
109 ;  expubion  of,  10,  531 ;  lOlgr 
matter  in,  9%  106;  average  dai^ 
quantity  of^  105, 

Fakeeri,     Indian,   app^reiit    ^m$h    o/, 
904,  005. 

F&Uopiau  Tabes,  developmeQi  of,  811, 
812  i  passage  of  apermaiosaa  tlirot^ 
760,    761  ;    paiaage  of  ov&  throu^  | 
764,  765;  formation  of  cbomn  ibi 
767. 

Falsetto  Voi<»,  nature  of,  720,  T2L 

FaniiaeeouB    cooatltuetiis    of    food^ 

Faroeae  iiiknderB,  diet,  of^  47»  4S. 

Fat^   in  Blood,   166  ;  iii»e«  of,   341  ;  iflr 
creaae  of,  in  diseaee,  181 ;  m  old  «C** 
203  ;  in  Gbyme,  eroukifioalltin  of*  96- 
m  I  in  FeoM,  103-10^  ;   prodaelim 
of,   In  Liver,   B81  ;    effecta  of,   wbcm 
taken  with  mrait,  331  ;  productioe  e^ 
from  starch,  341  ;  from  albumeti,  341 ; 
proportion  of,  in  brain,  341  ;  in  n«r«a,  , 
341  ;  in  muaclea,   341;  in    rneat^  0;  j 
in  adtpope  tissue,  341  ;  prot«otiva  ui-  i 
fiuence  of,  over  other  tusiietr  8SS, 

Fecundation,  act  of,  765,  766 ;  acMi  oC 
764, 

Ftmahi  physiobgical  peculia^tiea  id,  tm 
Sexeai  mental  constitution  of,  ^^^J"^ 
length  and  weigbt  of,  at  birtln  f 
auhsequent  inerean^  o^  832 ;  viJd 
of,  829  ;  puberty  of,  757  ;  infltJeofi 
of,  on  progeny,  7'8#-7S9  ;  on  vex,  827l 
828;    «bar«  of,  in    Qen«f»tkn,    «i^ 

G£NRBJttlO|r« 

F«Deatra  ovaltc  &cd  rotunda,  f6S,  6^. 

Fever,  alteratiotis  of  blood  in,  lfit{ 
eourcea  of  predlspo^tiAn  to^  207,  205|i 
mortality  from,  312,  313. 

Fibrin  of  Blood,  digest  ion  of,  S^  ' 
83  *  normal  proportion  of,  16^,  181 ; 
inercas<»d  proportion  of,  in  arterial 
blood,  175,  176 ;  in  tpUni^  Vfln» 
179  :  augineutation  oC  In  ftilkaisa* 
tion,  131 ;  dimiuutioQ  ofg  to  mijimmk 
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diBeaaes,  181;  its  coagulation,  187, 
(see  Coagulatum) ;  its  uses,  186,  197  ; 
apparent  formation  of,  196,  197. 

Fibnn  of  Chyle,  132,  133. 

of  Lymph,  131. 

Fibrinous  effusions  of  Inflammation,  365, 
366  ;  conservative  nature  of,  369. 

Fibrino-genous  substance,  196. 

Fibrino-phtftic  substance,  196. 

Fifth  pair  of  Nerves,  origin  of,  505  ;  dis- 
tribution  and  functions  of,   508;  its 
^  action  in  mastication,    60 ;  in   deglu- 

tition, 63 ;  influence  on  salivary 
secretion,  75,  76 ;  in  respiration,  276, 
277;  its  agency  in  taste,  509,  512- 
514,  544,  617,  618  ;  in  smell,  625. 

Filiform  papillae  of  tongue,  620. 

Finnish  Kace,  870. 

Fish,  Brain  of,  compared  with  Man's, 
459. 

Flute-pipes,  laws  of,  716. 

Foetus,  circulation  in,  804-806;  mode  of 
determining  age  of,  884,  885 ;  nature 
of  life  of,  883  ;  size  and  weight  of,  at 
birth,  831 ;  development  of  organs  in, 
see  Development. 

Food,  the  primary  source  of  neuro- 
muscular enetgy,  15  ;  classification  of 
components  o^  53 ;  saccharine  and 
oleaginous  constituents  of,  33-35,  39- 
41  ;  albuminous  constituents  of,  35, 
36,  40  ;  gelatinous  constituents  of,  36  ; 
proportions  of  carbon  and  nitrogen  in 
different  articles  of,  38,  39 ;  calorific 
and  histogenetic  value  of,  37-39 ; 
most  economical  combinations  of,  39- 
41  ;  relative  value  of  animal  and 
vegetable,  40-42  ;  quantity  of,  needed 
by  Man,  42-45  ;  proportion  of  animal, 
consumed  in  France  and  England,  44  ; 
importance  of  purity  of,  46-48  ;  con- 
se((uences  of  deficiency  of,  54-59  ;  pre- 
hension and  ingestion  of,  59,  60  ;  re- 
lative digestibility  of  different  kinds  of, 
90-93  ;  influence  of  nature  of,  on  com- 
position of  blood,  169-171 ;  on  respira- 
tion, 290  ;  bn  excretion,  330. 

Foot  of  Man,  compared  with  that  of 
Apes,  20. 

Form,  mode  of  acquiring  knowledge  of, 

by  Touch,  612 ;  by  Vision,  641. 
Formative  Power,  of  individual  parts, 
317,  323 ;  excess  of,  in  hypertrophy, 
349,  350 ;  deficiency  of,  m  atrophy, 
352-354 ;  manifestation  of,  in  repara- 
tive process,  354-361 ;  deficiency  of, 
in  inflammation,  356;  its  greater 
energy  in  earlier  than  in  later  periods 
of  life,  348,  355,881-888. 
Fornix,  679. 

Fourth  pair  of  Nerves,  505,  510. 
Frigorification,    influence  of  cutaneous 
exhalation  in,  432,  438,  448,  444. 


Functions,     Vital,      see     Absobptiok, 

Assimilation,  Cibculation,  &c. 
Fungi,  action  of  light  upon,  8. 
Fungiform  papillae  of  Tongue,  619,  620. 


G. 

Ganglia,  structure  of,  449 ;  see  Nebvous 
Ststbm. 

of  Sympathetic  system,   729- 

731. 
Gaols,  Indian,  high  rate  of  mortality  in, 
314;  English,  Cholera  in,  306-309; 
at  Nlmes,  mortality  in,  58  note. 
Gases,  found  in   the   alimentary  canal, 
106,  107;  in  the  blood,  172-175;  in 
the  blood  in  asphyxia,    302  ;  in  the 
urine,  41 3 ;  diffusion  of,  264. 
Gastric  Follicles,  structure  of,  76-79. 
Ocutric  Juice,  composition    of,    79-88 
conditions  of   its    secretion,    84-88 
quantity  of,  secreted  daily,  83  ;  influ 
ence  of  nervous  system  on,  86-88,  788 
solvent  power  of,  81-83. 
Gasserian  ganglion,  508 ;  its  influence  on 

nutrition,  737. 
Gelatin,  uses  of,  as  food,  86,  87 ;  diges- 
tion of,   92 ;  feeble  dialysiug    power 
of,  118. 
Genebation,   general    nature  of,    745; 
provisions  for  its  performance,  745, 
746. 
Action  of  Male  in,  747»  753 ;  structure 
of  testes,   747,   748  ;  characters  of 
seminal  fluid,  748,  749 ;  nature  and 
evolution  of  Spermatozoa,  749-751 ; 
essential  importance  of  Spermatozoa 
in  fecundation,  751,  765  ;  puberty, 
epoeh  of,   751,  752;  sexual  desire, 
671-578,  752,    753;    coition,    762, 
753. 
Action  of  Female  in,  753,  760  ;  struc- 
ture of  Ovum,  754,  755 ;  evolution 
of  ovum,  754,   756 ;  period  of  pu- 
berty, 757, 758 ;  menstrual  dischai^e, 
758-760  ;  coincident  ovulation,  759 
duration  of  procreating  period,  760 
her  function  in  coition,  760,  761 
maturation    of   ova,    761 ;    corpus 
luteum,   762,    764 ;   fecundation  of 
ovum,  765, 766 ;  consequent  changes, 
766,    767 ;    formation    of   chorion, 
767;  formation  of  deddua,  767,  770  ; 
of  villi  of  chorion,    770,    772 ;    of 
foetal  tufts,  772 ;  of  PUcenta,  778- 
775  ;  changes  in  Uterus  during  ges- 
tation, 775,  776 ;  quickening,  776  ; 
parturition,  act  of,  777,  778  ;  period 
of,    778,  783;   superfoetation,    783, 
784 ;  see  Lactation,  Mammary  Oland, 
Milk. 
Influence  of  Parents  on  progeny,  766, 
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737 ;  ciEectA  of  ii6»r  rektio&iMp  u£, 
7ls7  ;  influenoe  of  Blale  o»  sabie* 
quetii  oStpriDg,  78S;  eflbctaof  «Ute 
uf  pftrent*  lit  iim^  of  oonoeptloD, 
73$ ;  «]b«eqiteiit  influetioe  of  Mother, 
744,  715,  7S8p  789  ;  influeD<»  of 
Agei  of  pueaU  an  Sex  of  progeny, 
827.  B28. 

itient  of  Embryo. 
GtfDetmdoD,  Gravis  of,  Ibeirdevebpinetit^ 

&12-814. 
Genmmil  Capacity,  vftriAtlon  of,  i^i  ^- 
ferent  ageii,  SS2,  §83. 

Spot,  755. 

Vesicle,  755  ;  iU  diaatrpesAtiOd 

after  fiecondation,  7fi6»  767. 
Utittalioti,  ordiuAry   term  of,   77S,  77B ; 
abbrevubMi,    781;     proiitM^ted,    732^ 
7!53. 
Qhmi  exliibitioii,  deceptive  eHect  ol^  on 

bearing,  €72. 
Otundt,  Ajmm\h.img,  of  Abac^rbeiii  3y» 
Uon,  126-11^1 ;  tb^r  fuuoliaiis,  125  ; 
of  SanguiferoiM  iystpCin,  13(S-144  :  their 
fuDcttoni,  144-146;  double  dmrACt«r 
vt  Liver,  382-393. 

^ SecretiDg,    essefitial    nAture    o^ 

371,  372. 
iilos3o-Pkmjiit/eal  Kerre,  ortgtti  of,  &0i  ; 
dbtribtiibti  jfcud  fuDCtionB  of,  612,  &1 3  ; 
itn  iD»trutDent*lity  in  deglutitioui  M  ; 
ID  eeuBt,  of  tA4te*  £12^  513* 
Globuiio  of  b1o<»d,  155. 
Glotik,  reguIaUoti  of,  711-713;  artificial^ 

717,  718, 
Glyco-cboUc  Acid,  383. 
Glycogeue    tktid    Glyciigeiiie    ftabetafio% 
38&  ;  composition  of,  380  ;  preaeuoe  of, 
in  blood,  390  ;  m  pUcetita,  392;  theo* 
rie»  of  origin  of,  389,  390. 
Glycogouy  and  Glycogenic  function  of  the 
LivLT,  3S7-3G3  ;  inAuenoe  of  servous 
eyitem  ypon,  ^91 ;  eff&cts  of  tnedicinal 
agents  o(  391 . 
GoriUai  comparuon  of)  with  Maii»  17- 

33. 
OraafiitD  vealele,  754  ;  fonnatiou  of  ovum 
within,  754-756  j  ee^itipe  of  ovum  fronij 
7^1,  762  ;  subsequent  chaiigesi  hi^  761- 
763. 
Gmuutatioii  of  wounde^  357-361. 
Gt»p«  Stigu-,  34. 
Growth,  period  of,  883 -8&e. 

-^^ a  source  of  demand  for  nuttt- 

tion,  318,  31@  ;  exoew  and  deBdency 
of,  Sltf  J  111  dilfej^nee  from  develojj- 
ment,  319  ;  fonoatiTe  aettvity  during 
pericMi  of,  883,  896. 
Guiding  8eiuutioiiA,  essetitlat  to  Tolun* 
taryiijfjTenienia,  555,  $56;  aeeMuMH- 

Guin,  cflfccUofdictof,  34. 


OnMai&ry  Ganglia,  501,  539. 
Ner*B«,  504,  612,  513,  ML 


Babii,  mfloence  of,  in 

motor  acrtions,  534,  53<5 ; 
motor  actioikfl,  ^53,  554 ;  OA  lM|v«i» 
■ioni  on  sleeping  penona,  595,  MM ; 
on  amount  of  sleep  reqiutedt  59^  537; 
on  CO- ordination   of  mtucnW  mot«- 
monte,  690,  697. 
Hadiiaofa,  effeetn  ol,  600. 
Hsniadromoineter,  244. 
HemadynamometeT,  243- 
Ha^mAtin  ciystols,  155,  156. 
HEematocbometer^  244, 
HvmmtoglobuliD  crvstak  of  blood,  \%S. 
Uwmatoidiu  (XQ'Btda  of  bkoi^  1^5,  I5ti, 

383. 
Hi^ms  cxyttak  of  blood,  156. 
Hi^morrbage^  predtipoftitiitgi  to^  181, 132. 
Uain  cbata^^teia  o^   1^  diflmni  RacK^ 

853. 
Halun^i  of  vitellns,  755. 
Hand  nf  MiH,  peculiar  atlribnlefl  of,  1!^. 
Harroony  of  Muaoukr  guovetncnl^L  0^ 

705. 
Healing   Ftooeaui^  dtlfecvui  hxmm  o( 

354-361. 
Btarimjt   pbyeical  condttionc    o(   lUBSL 
Oigftn  of,  its  etaefitlal  ttniciarai  #0$  ; 
its  adaplAtioD  to  laws  of  pfro|iM4ptiQa 
of  loiuidi,  663-665  ;  sti-uclttiv  mi 
fnnclloikt  of   iympjiziiG   appanlm, 
66^-663 ;  of  labyrintli,  668^70 ;  «f 
exieiual  ear  and  meatoa,  670,  €71  ; 
deveto|9Lneut  of,  825. 
Seuw  uf,  659,  600 ;  dlicriniiiualott  «f 
pitcl)   uf  tone»,   670;   eatiinftta  it 
direction  of  (sounds,  ^69^  671  *  t«lK 
mate  of  distanee,  671  ;  infltit«oe  «C 
babitnAl  attifntion  on  acuten^te^ 
©72 ;    rapidity   of    peroepttoci    te» 
eompATed  wii   vision,  474,  673; 
use  of,   in   regulating    Toioe^   556^ 
673. 
ifearl,  irritability  of,  216,  217  ;  fbytkott* 
L>al  movements  of,   217  |  tbeir  i 
217-220  ;    infiueiioe  of  mst^tm 
218,  219  ;  disturbanoe  oC  by 
U)  tlieu^  735  ;  tueceaat? e  aetiocii  oi; 
220  ;  eourae  of  blood  tbrougb,   S21  ; 
diierence  of  two  nidei  of,  222  ;  sounde 
of,  223,  224  ;    rate  of  prufiubiQn  of 
blood   by,   225 ;    force  of  fwvpqkm 
of  blood  by,  2m,  244  I  nuni^tt  if 
pubatiotis  of,  226-229  i  fJnst  develop- 
luent  of,  7P9  ;  subeenuvtil  nbanfea  in. 
802.  ^J 

IhftU  uitporlance  of,   iii  growtll  aitd  di^f 
velopiui-nt,  5|  6  ;  tofluonoe  ofi  on  Viti] 
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AotioD,  426 ;  on  period  of  gwUtioo, 
779 ;  endurance  ot  extremee  oi^  i81- 
483 ;  its  production  in  Human  body, 
426 ;  sources  of  variation  of,  427-429 ; 
alterations  of,  in  disease,  429,  480; 
liberation  of,  after  death,  430  ;  sources 
of,  433,  434,  437;  loss  of,  the  cause 
of  death  by  starvation  and  exhausting 
diseases,  434,  435 ;  partial  dependence 
of,  on  cutaneous  respiration,  436,487; 
influence  of  nervous  system  on,  438- 
440  ;  inferior  power  of  generating,  at 
earliest  and  latest  oeriods  of  life,  441, 
442  ;  reduction  of,  by  evaporation  from 
external  surface,  443,  444. 

Height  at  different  ages,  831. 

Hepatic  Artery,  878,  379. 

Cells,  381 ;  degeneration  of,  381. 

Duct,  380. 

—  Parenchyma,     arrangement    of, 

881 ;  nature  of,  381. 

Vein,  879,  880  ;  blood  of,  com- 
pared with  portal,  178-180. 

Hepatine,  387;  see  Glycogeny. 

Herbivorous  animals,  excretions  of,  833. 

Hereditary  Transmission  of  maladies, 
786-788. 

Hermaphrodism,  812,  813. 

Heterologous  growths,  371. 

Hiccup,  act  of,  280. 

Hindostan,  languages  and  people  o(  871. 

Hippuric  Acid,  its  presence  in  the  Blood, 
167  ;  in  Urine,  405,  410. 

Horopter,  nature,  form,  and  use  of,  648, 
644. 

Hottentot  Bace,  874-876. 

Humus,  absorption  of,  by  plants,  8. 

Hunger,  indicates  necessity  for  aliment, 
52 ;  immediate  source  oi  sense  of,  53. 

Hybrid  Races,  question  of  fertility  of, 
862. 

Hybrids,  influence  of  parents  on,  785. 

Hydrogen,  elimination  o^  by  respiratory 
process,  297  ;  by  other  excretions,  834; 
respiration  in,  295. 

Hypermetropia,  633. 

Hypertrophy,  319, 348-350;  conditions  of, 
350  ;  shown  in  production  of  tumours, 
350,  351 ;  in  supernumerary  parts,  351. 

Hypnotism,  601-603. 

Hypochondriasis,  operation  of,  744. 

Hypogastric  plexus  of  Sympathetic,  729, 
730. 

Hypospadias,  813. 

Hypoglossal  Nerve,  517,  518. 

Hypoxanthine,  883. 

Hysteria,  exalted  sensibility  in,  605. 

Hysterical  Ischuria,  375. 


I. 


Icelanders,  freedom  of,  from  tuberculosis, 


41 ;  liability  o(  to  zymotic  ( 
814,  815. 

Idiocy,  predominance  of  instinct  in,  585  ; 
causes  of,  786. 

Illumination,  relative  perceptibility  of, 
659. 

Inanition,  54-57,  aee  Starvation ;  balance 
of  vital  economy  in,  827. 

Increase,  see  Growth. 

India,  population  and  languages  of,  870- 
872. 

Indirect  vision,  656. 

Indo-European  Race,  866-868. 

Infancy,  characteristics  ef,  885-887. 

Infants,  temperature  of,  427 ;  inferior 
power  of  generating  heat  in,  442-448 ; 
length  and  weight  of,  at  birth,  828,  829. 

If^mmationf  increase  of  fibrin  of  blood 
in,  181;  a  perverted  form  of  nutritive 
process,  360-362  ;  its  relations  to  hy- 
pertrophy and  atrophy,  362  ;  causes  of, 
362;  phenomena  of,  362,  363;  sUte  of 
blood  in,  365  ;  characteristic  effusionB 
of,  366,  867  ;  unhealthy  forms  of,  365 ; 
effects  of,  in  tubercular  subjects,  369. 

Inflammatory  eff'usions,  different  charac- 
ters of,  199,  366-368. 

Ingesta,  average  chemical  composition 
of,  for  one  day,  326. 

Inhibitory  influence  of  the  nervous 
system  on  intestine,  69 ;  on  heart,  218 ; 
on  respiratory  muscles,  279. 

Inorganic  Constituents  of  Blood,  167 ; 
their  uses,  842;  of  Urine,  411,  415. 

Inosite,  34,  676. 

Insalivation,  71-76. 

Insects,  automatic  actions  of,  453-  455. 

Inspiration,  movements  of,  271,  272; 
force  required  for,  272,  273 ;  cause  of 
first,  276. 

In&tinct,  contrasted  with  Reason,  452- 
457. 

Intelligence,  nature  of,  as  opposed  to  In- 
stinct, 454-456  ;  degree  of,  conform- 
able to  size  and  devdopment  of  Cere- 
brum, 582-586. 

Intestinal  Canal,  movements  of,  68 ; 
influence  of  Sympathetic  nerves  on, 
69;  influence  of  mental  states  on, 
735 ;  development  of,  796,  806. 

Juice,   102,  108;  its    use    in 

digestion,  103,  104. 

Secretions,  influence  of  nervous 

system  on,  738. 

Involuntary  Movements,  695 ;  influence 
of  Sympathetic  on,  731. 

Iris,  structure  of,  639  ;  movements  of, 
in  accommodation  of  Eye,  630,  631 ; 
effects  of  heat  and  light  upon,  640  ;  see 
Pupil. 

Irradiation  of  impressions  on  retina,  655. 

Irrigation  of  the  tissues  effected  by 
lymph,  136. 
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IirilftbUity    of    H^wij    210,    21?  5    of 
Arteries,  230,  231. 

J. 

Juab's  Membrane^    stnictum  of^    €35, 

636. 
J»tiiidiee»  ordinary,  from  re-abaorptioD  of 

bile,  375,  876  ;  more  severe  form  of, 

dop&nd«iit  on  iion^f;Umiiiiitiao  of  bile, 

386. 
Jewbb  Femnkf,  period  of  conception  b, 

765  fu?te, 

Nfttioii,  S60  ;  varied  complejdon 


of,  S62, 


K. 


Kaffre  Race.  874,  875. 

Kidr^ey,  strunture  of,  393'3&S  ;  tubnli 
uriiiiferi  of,  39  i  ;  eiroolatton  ia,  39  7  j 
393;  Corpora  Malpigliiana  of,  394-397; 
Beoretiijg  cella  of,  394-3&6 ;  develop- 
ment of,  SOJt-^aU  T  elimination  of 
water  by,  39S  ;  of  soluble  mutters 
geuerally,  41 5^  416  ;  secreting  iwtinn 
of,  3&8  ;  excretory  function  of,  3&8  - 
419  ;  fvee  UHn^. 

Kmeaodic  snbatHDoo. 

Kurrachee,  choler&  &t,  307,  SDS, 

SymofTapbioD,  243, 


Labyrintbof  Ear,  ftioctiona  oi;  66S'G72. 

LachrytDal  Bo^cretion^  influence  of  mental 
etatca  on,  738- 

lacUititm,  833-845  J  clumg«  of  quality  of 
milk  in  coureo  of,  838,  839  ;  ejctrsr 
ordinary  prolongation  of^  841,  842  ;  by 
males,  636,  837, 

Lactealtt  origin  of,  in  Fill!,  110-118;  ab* 
sorption  by,  113,  III;  glaudulee  of, 
126-129  ;  contents  of,  »oe  Chyle. 

Lactic  acid,  origin  and  relaiiont  o^  34^ 
prewenoa  of,  in  gastric  fluid,  80. 

Latnina  spimllH^  stnictare  of,  6€2|  693, 

l*miua?  dor«iIe»,  794,  7&5, 

LaTidaii,  effecta  of  aiege  of,  789. 

Language,  tbo  eacpreawon  of  ideas,  710, 
722. 

Lan^uageg  of  differont  raoea,  tmsntild 
conformity  in,  864,  M5 ;  Ameri<^n, 
865;  Bushman,  876;  Celtic,  S67 ; 
Buskarian,  867  ^  Hindoo,  S71 ;  Hotr 
lentot,  875;  I  ndo- Germanic,  867; 
Kaffr^j,  874  :  Malayo-Polyneaian,  878, 
87fi  ;  Negro,  873  j  Negrito,  879,  880; 
SaDskritie,  887  ;  Seriform,  876  ;  Syro^ 
Arabian,  869;  Tamutlian,  871. 


Lanago  of  fo&tti<i^  201. 

Lapp^.  Kaee  of,  870* 

LarynjCf  stmotnre  ot  710-713 :  nrnto^ 
aclioDa  of,   712-715  ;   pre^ae  adjtiit* 
ment   of,    70S ;    tbeir    '  ....>*  .^n 

guidiog aenaattona,  Sj  ,  J'l^i , 

nerree  of,  278,  279,  --.,  ^-^,  i>i<r 
duction  of  aotind»  by,  71^-7:^0:  thioirj 
of  the  voice,  7119  ;  &laeftt/d  noln 
72L 

Lateral  viaioo I  650, 

Laughing,  act  of,  280. 

Lead,  polBoning  of  water  by,  4S  ;  < 
lative  action  of,  204, 

Leaf,  faU  of,  322  mi€. 

Ledthin,  384, 

Leucin,  3S3. 

Liffl,  nature  of,  1 ;  „  „ 

turei  of,  2-5 :  tnultipiliailitm  e^'* 
3,  4 ;  importance  of  Heat  in  ilefe* 
lopm«jnt  of,  0,  6 ;  iiifltienoe  of  Ligii 
iipim,  7 ;  final  puipoM  of,  in  platiu 
9  ;  various  maniit»taAkiu  ol,  id  §m*_ 
mabt  10,  11  ;  manifotation  of,  in « 
velopment,  12  ;  in  f^rod motion  ojf  J 
12,  13;  in  seni^'i  ictiv^ 

correlation  of  tlf 
acli  of,  14-16 ;  ^n  mjc  i.iv.-.xi,  IS 
21s, 

Light,  evolution   of,  from  living  hodj^ 
414-446, 

LIgbtning,  deatb  Uy,  offbot  of,  on  blooi, 
189,  " 

Limbs,  nature  sftid  devotopmenl  oit  1 
8^7 1  attempted  fieprodyieikKa  «i^ 
fo^tuB,  3^5,  S56. 

Limit*  of  Virion,  <ISS* 

Liquor  Am  nil,  801. 

^^—  Sangnlnifl,   151 ; 
157, 

LIthio  aoid,  339,  409  ■  t^  tTHe  Mild, 

LivfTf  structure 

plan  of,  in  h\^  ^,  37tf,  37 

in  Man,  377- ^:- ,  ...  .mgeo 
blood-vesseb   ta,    378  3S0  ; 
duet«  in,  3S0  ;  parericbyma  t 
331  r  lymphaties  of,  3S0,  381 
ponent  celk  pf,   381  ;    iJovelop 
uC   807,  808 ;    double  fiitietloa 
337. 

Assimilating  action  of,  17%  ISO,  390 ; 
piTKl  u  ction  of  glycogt;ne  and  Mtffvbr, 
";  of  red  coppuBclasliy,  10; 


fovnmiitm 


W5, 


887-3^3 

Excretory  action  of,   SS5 
of  bile  by,  384,  3S7  ; 
Lochia^  77S, 
Looo  motion,  tnovemettts   of,    S3i, 

553,  554,  6&7,  7t>0. 
Londnndf^rry  ateamer,  e»s«  fll^  S0|, 
Loas  of  Blood,  influenoe  of,  on  qc 

Bition  of  blood,  17  L 
LouLKville,  eholem  mi,  300,  ^0, 
Luminosity,  of  living  bmly,  Hi.  ||i. 
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Lungs,  structure  of,  266-268 ;  contrac- 
tility of  bronchiAl  tubes  of,  268,  269 ; 
elasticity  o^  269 ;  force  required  for 
their  distensioD,  269  ;  mechanism  of 
their  expansion,  2C9-271 ;  capacity  of, 
284,  285  ;  changes  in,  from  section  of 
pneumogastrics,  281,  282;  develop- 
ment of,  808,  809. 

Luxus  consumption  of  food,  837,  340. 

Lymph,  composition  of,  131 ;  microscopic 
characters  of,  131 ;  sources  of,  112, 
113,  118-120,  185;  movement  of, 
128, 129 ;  quantity  of,  134 ;  forces  effect- 
ing the  movement  of,  134, 135;  pressure 
of,  against  the  walls  of  the  lymphatics, 
135 ;  influence  of  nervous  system  on 
amount  of,  136 ;  causes  of  variations 
presented  by,  136. 

Corpuscles,     characters    of,    in 

Birds,  159 ;  in  Mammalia,  160. 

-,  Coagulable,  effusion  of,   in  in- 


flammation, 362  ;  conservative  nature 
of,  369 ;  fibrinous  and  corpuscular 
forms  of,  366,  367 ;  degenerations  of, 
865, 366 ;  formation  of  pus  in,  368, 369. 
•  Paths,  superficial  and  deep,  128, 


129. 


LymphcUicSf  distribution  of,  126 ;  in 
stomach,  79;  in  intestines,  110-112; 
in  nervous  centres,  121, 581 ;  in  spleen, 
139 ;  in  liver,  381 ;  glandute  of,  126- 
128;  absorption  by,  124,  125;  con- 
tents of,  see  Lymph. 


M. 

Magenta,    action    of   solutions  of,    on 

blood- corpuscles,  158. 
Magyar  Bace,  870. 
Maintenance  of   organism,   320,    321 ; 

during  period  of  maturity,  883,  896, 

897. 
Malay o-Polynesian  Race,  879. 
Male^  rudimentary  uterus  in,  812  ;  rudi- 

mental    mammary    gland    in,     836 ; 

lactation  by,   886,   837 ;  influence  of, 

on   progeny,   784-788  ;  on  sex,    827, 

828  ;  size  and  weight  of,  at  birth,  828, 

829  ;  subsequent  increase  of,  831  ; 
viability  of,  829;  puberty  of,  751, 
752 ;  his  character  as  compared  with 
female,  832,  838  ;  share  of,  in  genera- 
tion, see  Gensbation. 

Malignant  growths,  371. 

Malpighian  Bodies,  of  Kidney,  894, 
898;  of  Spleen,  137,  138. 

Mammary  Gland,  structure  of,  833-835; 
functional  activity  of,  835,  836  ;  influ- 
ence of  mental  states  upon,  740,  743  ; 
secretion  of,  see  Milk, 

Man,  Distinctive  Characters  of,  17; 
hand  of,  18,  19  ;  cranium  o^  21-^25  ; 


vertebral  column  of,  25;  lower  ex- 
tremities of,  20,  27,  28  ;  facial  angle 
of,  25  ;  myology  of,  28,  29  ;  visceral 
apparatus  of,  29  ;  brain  of,  29  ;  sub- 
ordination of  senses  to  intelh'gence  of, 
30 ;  peculiar  adaptability  of,  80 ;  slow 
growth  of,  31 ;  mental  endowments 
of,  31,  32 ;  articulate  speech  of,  82 ; 
capacity  for  progress  of,  32,  33. 

Man,  Epochs  of  Life  of,  881,  882; 
embryonic  life,  883-885 ;  infancy, 
885-887  ;  chUdhood,  887-892  ;  youth, 
893  ;  adolescence,  893-895  ;  maturity, 
896  ;  decline,  897-899. 

,  Varieties  of,  865-881 ;  see  Colour, 

Hair,  Language,  Pelvis,  Jkaces,  Skull, 
and  Varieties, 

Manchester,  oi*ganic  matter  in  air  of, 
207. 

Manometer,  differential,  242. 

Mara,  Mad.,  range  of  voice  of,  709  note. 

Marriages  of  consanguinity,  786. 

Mastication,  act  of,  60  ;  nerves  of,  60. 

Maturity,  characteristics  of,  896,  897. 

Mauchamp  breed  of  Sheep,  860  note. 

Meat,  bad  economy  of  exclusive  diet  of, 
38  ;  effects  of,  on  balance  of  vital  eco- 
nomy, 331;  effects  of  diseased,  47. 

Meconium,  nature  of,  386  note. 

Medulla  Oblongata,  structure  of,  500- 
507 ;  grey  substance  of,  502-505 ; 
origin  of  various  nerves  from,  502, 505  ; 
motor  tract  of,  507  ;  sensory  tract  of, 
507 ;  origin  of  nerves  in,  503-505 ; 
special  endowments  of,  530 ;  see  Spinal 
Cord, 

Spinalis,    491 ;    see     Spinal 

Cord.  » 

Membrana  Qranulosa,  754. 

Tympani,   structure  and  uses 

of,  666,  667. 

Menstruation,  period  of,  757,  758 ; 
nature  of,  758-760 ;  persistence  of, 
760. 

Mesencephalon,  development  of,  795, 822. 

Mesenteric  Blood,  special  characters  of, 
178. 

Glandulse,  structure  of,   127- 

131. 

Mesocephale,  effects  of  section  of,  550  ; 
effects  of  electric  current  on,  550. 

Metamorphosis  of  matter,  required  in 
Oi^anic  functions,  324. 

Metastasis  of  Secretion,  374-376,  401. 

Millbank  Prison,  scurvy  at,  57;  cholera 
at,  306. 

Milk,  secretory  apparatus  of,  833-835  ; 
supply  of,  835,  836  ;  constituents  of, 
837-841 ;  variations  in  their  propor- 
tions, 840,  841 ;  influence  of  mental 
states  on,  740,  744 ;  varieties  of,  in 
different  animals,  841-843  ;  relation 
of,  to  blood,  843,  844 ;  re- absorption 
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of,  843,  844  ;  TicanouB  aeerotioQ  of, 
844 ;  quantity  of,  secreted,  844 ; 
pasiage  of  tafKllcitits,  &e,  iulOp  845. 

MUk^^gK-  of,  S40, 

MiDCopio  li&ce  of  IhA  Au^ajann  lalt:^, 

Mt^tD,  of  M»D,  Iti  dJiiUticlive  cbivracter* 
lAiGS,  31, 32, 455-457  ;  iU  influet»ce 
on  OrgftniJP  funciiotiei,  735,  745; 
varmtlun  of,  at  diffbrent  peHoda  of 
Ufe,  S86,  SSS^Sy^i,  m$,  897* 

EmotioDal  activity  of.  733,  7^^* 

Ideo^dyDamic  Activity   of,    7«$5j   713, 
745, 
Mked  diet,  ecoDomy  of,    33,    30 ;  im- 

porUace  of,  39-42. 
Model  Lodglng'Uooroa,  aaoltary  state  of, 

813, 
ModdliDg  prooesB,  358-331 ;  mewu  of 

promutiiig,  359,  360. 
Moloculnr  Ueath,  901,  &03-906, 
Motifoliin  Baoe,  869,  «70  ;  in  Etirope, 

807  ;  in  India,  37Q. 
MouBiroflkies,  bjexee«r  34P-3&1 1  by  in^ 

cluijioD,  351,  353;  by  arrest  of  develop- 
ment, 3'20,  803,  813,  814,  316,  320. 
Morbid     Poisons,     203;     see     PmMns, 

Morbid, 
jrortality,  preventible,  of  England,  317. 
^ '  relfttiva,   at  diSerent  periodfl 

of  tbe  yoar^   442,  443 1   at   diffonmt 

ages,  830. 
Mother,  itiAaence  of  mental  states  of,  on 

fffitns,   744,  745,   J&Q;  on  manimwj 

neqretion,  740-742. 
Motility  of  beart,  216. 
Motor  Kenres,     kws    of    transmission 

through,  46<J ;  tt^^^eremi  Ntrve-Jibres, 

Traoi  of  Medulla  Oblongata,  507. 

Mucous  layer  of  Germinal  membrme, 

704. 
Mule,    charautere  of,   785;  sterility  of^ 

862  ntAe. 
Muscles,  UiQiLed  term  of  life   of,  322 ; 

deg«nemUoti  of,  346  ;  bypertrnpby  of, 

349,  350;  atrophy  of,  353,  354;  elee- 

trie  current  in,  fiSs. 
Musical  tones,  theory  o^  061. 
Muscular  apparatus  of  organic  life,  074  ; 

of  anluml  lift',  675  ;  voluntary  and  m- 

volontary  actions  of,  G^5. 
MtJHcular  tiiiiue,  Viinous  fomnj  of,  074, 

675  ;  structure  of  striped,  675,  076  ; 
difitdbuiioQ  of  bjood  to  striped  form  of, 

676  ;  i^*mpbatica  of,  076  ;  cheidoal 
eompositiou  of,  676;  cbemicnl  changes 
iti,  induced  by  euchaiwtion,.  676,  077  ; 
develcpmeiit  of,  677,  67S  ;  nutrition 
of,  076  ;  limited  duration  of,  67S,  (57^; 
ebngaU'd  and  contracted  csonditioos  of, 
OSO ;  phenomena  acoompanyiziff  oon- 
tt-Hction  of;  630;  ^lafittdty  of,  082, 
083  ;  etectriial  relations  of,  6B3  ;  idio- 


muscular  eontraotioii  of,  €9$ ; 

ttimuli  induolog  contraction  tiC>  ' 
087;  peculiarity  cif  that  of  Bm/i 
087;  BjyuQplea  of  rhythmical  mei^ 
ment  of,  683  ;  irrtt»bility  of,  €U\ 
agents  destroying  irritabilily  «(;  W^* 
O^U ;  eff«cto  of  shock  in  4e 
irriUbility  oi,  6m  -  proofo  of  i 
iudependeaoe  of  irritabdity  a 
necessity  of  due  aupply  uf  arterji 
for  maintenanoe  of  irritability  of 
Bpoutaneoos  swd  poat-mcrteiD 
ments  in,  093,  691 ;  Bhtor 

fi&4,  ms. 

Mu^ouliLr  Movetnents;,  increase  dt  0aa- 
tractile  power  of,  afler  aecti«»D  ols|Maal 
cord,  537;  voluntary  and  loTulimiafy, 
635  ;  gioypiiig  o^  690  ;  aymmclfyaftd 
harmony  of,  697-705 ;  «a«igy  and  a- 
pidity  d^  70(^708 ;  cmka  mipmUmm 
of,  703 ;  see  Muacular  Senate 

Muscular  Seus%  £50^5dS  ;  ita  ptftispa^ 
tion  in  voluntary  raovezi}eDt%  SSBi,  sHi 
its  tfxalta^tiou  in  ScmimmbiiIiaKB»  iQ9L 
603. 

Suggestion,  its  iuBu^Doe  iu  Swb^ 

nambulism,  602,  doa. 

—  Tension,  inBuoaf?e  of  Spinal  Ond 

on,  536-538, 

Myopia,  633. 


Kiivy,  dlet-floale  of,  44* 
Necrsemim  death  by,  IS5|  90$^ 
NL^gativeacconvmudalion  of  tlieeft^ 
Negrito  Kacc,  S7y. 

Negro,  change  of  ooloiir  in,  651  ««iL 
Negro  Bacen,    eolt^ur  of«   8^1  ;  l^ir  «C 
^3;  skidJ  of,  S54,S55;  modifittlioa 
of  ifcit  form  by  civilization,  S57  ;  i^  ~ 
of,  3h58  ;  geographical  range  and 
ties  of,  872-874, 
Nerve-force,  laws  of  trans&iialoi]  of. 

467. 
Nerv^  electric  current  !&*  i^S— I9L 
Neevous  System^  449  ;  uifiD«Dq« 
Animal  Heat,  438,  43S  ; 
rangemetitof,  44&,  450 ;  cl 
451;  automatiecbiLraoteroff  in' 
iebnits,    452^55  ;  diatluguialiad 
Vertebrata  by  Cerebmta^  and  m' 
tering  to  lnielligea«e»  A55»  i5J, 

iions  of,  45S  403 ;  Cratito^pl 
Aaisi,  453  ;  Sensoi^  OaiiglK  ii  , 
45e ;  Cerebt>l  Hctlibphenni^  |5£ 
4^0 ;  Ccrelielliim,  400 ;  ^mMU 
courae  of  action  of,  40t)-40S  ; 
uperationy  of  »e| ignite  fiart4y 
Bubordmatiori  of  iheee  to  %kif\ 
462;  relations  of,  to   ^yD>j 


ealioft 
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system,  463 ;  influence  of,  on  Ani- 
mal Heat,   439-441  ;    on   Organic 
functions,  731-745  ;  see  (kr^Mlum^ 
Cerebrum^  Medulla  (Mongata^  Sen- 
$ory    Ganglia,   Spiiud    Cardf   Con- 
9ciou8ne88,    Emotiontf    ExcUo-motor 
Actions f  IdeO'tnoior  Actions,  Intel- 
lectual   FacuUiea,    Keflex   Adiontf 
Sauory-motor    AcUons,     Volitional 
Actions. 
Sympathetic  System,  general  structure 
of,  729,  731 ;  Cerebro-Spinal  fibres 
in,  463,  730 ;  their  instrumentality 
in  sensation  and  muscular  contrac- 
tion, 731  ;  action  of,  on  intestinal 
canal,   69,  88  ;  on  heart,  218  ;  on 
blood-vessels,  232,  233  ;  on  uterus, 
731,  777 ;  on  iris,  639,  733  ;  Proper 
fibres    of,    730 ;    influence    of,   on 
Secretion   generally,  738,   739  ;  on 
secretion  of  saliva,  76  ;  on  secretion 
of  gastric  juice,  88  ;  on  nutrition, 
737  ;    on  animal  heat,    439,    440  ; 
effects  of  section  of,  243,  733 ;  reflex 
actions  of,  736. 
Trunks,  endowments  of,  464-470;  affe- 
rent and  efferent,  464  ;  use  of  plex- 
uses of,  465  ;  laws  of  transmission 
in,  466,  467  ;  modes  of  determining 
their  functions,  467,  470  ;  by  peri- 
pheral distribution,  467,   468 ;    by 
central  connections,  468,  469  ;  by  ex- 
periment, 469 ;  by  observation,  470, 
471;  action  of  variousstimuli  on,  471- 
473 ;  rapidity  of  conduction  of  elec- 
trical stimulus  by,  473, 474  ;  various 
excitability  of,  at  different  points, 
480 ;    electro-motor    properties   of, 
481-491. 
Kervous  Tissue,  limited  duration  o^  322  ; 
continual  reparation  of,  322,  323 ;  atro- 
phy of;  353,  354. 
Nlmes,  prison  of,  mortality  at,  58. 
Nitric  Acid,  in  urine,  413. 
Nitrogen,    its  presence   in  blood,   172, 
173 ;   exhaUtion  and    absorption    o^ 
296  ;  excretion  of,  336,  340,  406. 
Notochord,  formation  o^  814,  817. 
Nutrition,  general  nature  of,  199-204, 
817 ;  dependent  on  pabulum  in  blood, 
199,  31 7,  318  ;  complemental,  doctrine 
of,   201,  202 ;  sources  of  demand  for, 
in  increase,  318, 319  ;  in  development, 
819,  320 ;  in  maintenance,  320,  323  ; 
conditions    of   its    performance,   323, 
324 ;  interstitial  and  superficial,  343, 
348 ;  varying  activity  of,   348,   349 ; 
at  different  periods  of  life,  881,  883 ; 
abnormal  degrees  of,  349-354  ;  pecu- 
liar phages  of,  in  reparation  of  injuries, 
354-361 ;  abnormal  forms  of,  361,  371 ; 
inflammation  and  its  results,  362,  369  ; 
tuberculosis,     369,     870 ;    malignant 


growths,  871 ;  influence  of  Nervous 
system  on,  737,  738 ;  electric  disturb- 
ance in,  446,  447. 


O. 

Oblique  Muscles  of  Eye,  function  of,  700, 
701. 

Observation,  active  in  infancy,  886. 

Observations,  astronomical  mode  of  record- 
ing, 673. 

Oceanic  Race,  877-879. 

Ocular  Spectra,  657,  658. 

Odoriferous  secretion  of  Skin,  influence  of 
nervous  system  on,  739. 

Odorous  matter  in  Blood,  151. 

Odours,  nature  of,  623. 

(Esophagus,  movements  of,  in  swallowing, 
63,  64. 

Old  Age,  characteristics  of,  898,  899; 
temperature  in,  427  ;  diminished  power 
of  generating  heat  in,  442. 

Oleaginous  constituents  of  food,  33,  85, 
40 ;  digestion  of,  91,  95-97  ;  absorption 
of,  by  investing  cells  of  VilU,  113  note, 

Olfactive  Cells,  624,  625. 

Ganglia,  538. 

Nerves,  540 ;  peculiar  character 

of,  624 ;  distribution  of,  624,  625. 

Olivary  bodies,  501. 

Omphalo-mesenteric  vessels,  797,  798. 

Ophthalmic  branch  of  Fifth  Pair,  508. 

Ganglion,  509,  731. 

Optic  Ganglia,  538. 

Nerves,  peculiar  arrangement  of, 

542 ;  endowments  of,  541,  542,  546 ; 
distribution  of,  634,  635 ;  deficient 
sensibility  at  entrance  of,  637,  656. 

Thalami,  538,  539  :  functions  of, 

548,  552. 

Orang  Outan,  comparison  of,  with  Man, 
17-33. 

Osmosis,  115;  various  phenomena  of, 
115-118  ;  through  a  fluid  septum,  117  ; 
exceptional  instances  of,  119  note;  of 
constituents  of  food,  1 18-120. 

Ossification,  completion  of,  a  mark  of 
Adolescence,  893,  894. 

Oval  Skull,  856,  857. 

Ovarium,  structure  of,  753,  754 ;  deve- 
lopment of,  811,  812;  evolution  of 
ovisacs  within,  756  ;  discharge  of  ova 
from,  758-760. 

Overcrowding,  a  predisposing  cause  of 
s^otic  disease,  303-308,  314-316. 

Ovisac,  754 ;  see  Graafian  Vesicle, 

Ovum^  structure  of,  755,  756 ;  evolution 
of,  756  ;  maturation  and  discharge  of, 
757,  760;  fertUization  of,  764-767; 
first  changes  in,  766,  767 ;  subsequent 
changes  in,  see  Development  of  Embryo, 

Oxalic  Acid,  in  urine,  413. 


W) 


tNB^X   or   51JB1ECIS, 


Oxjrg^p  ftsioiuii  «f.  In  blood,  173,  174  ; 

ttimabilitig  ^fleot  Qt  on  lie*rl,  31  ^, 
■oarcea  of  demand  for,  264,  2dd ; 

c^iiantll;   of,  requLr^  ^M  -  «xchafif« 

of cttrboDioiMiilfbr,  2S7;  tv 

358,  S29,  &3i ;  rB«|ttmtio?i 
Dxotie,   Tetktioi)   of  blood-cur pi^wic^  i^j, 

175. 

P. 

Piuicrefttk    laid,    compodtion    o^    04  ; 

AOtioQ  of^  oEi  Htarcb,  95  ;  on   f«V  l^fl  ; 

oa  ilbumoti,  97;  amomat  of,  socretod,  1^^. 
PftpiUa,    tft&^e,    60S,   0Oi» ;    gustAlive, 

619,  620. 

Pat    VAgunj,   514  i    mt   Pneumo^oatrk 

P^nljzed  liiobi,  tom|>eniltitis  of,  439, 
PjUSpeptonev,    form&tioii  of,   &ota  tUtm- 

mon,  02, 
PAmp)«gi%  peculiar  caaea  of,  £26-528. 
P&renU^  infloraoe  of,  oa  pron^nj,  fSI ; 

»eo  GiMi&ATioir,  Iti^titttm  &f  Parmit, 
ParotidOLaud,  7),  72 ; seot^tici&of,  73, 74, 
Parturition,    act  of,    777,   778  ^   i^ukr 

period  Add  Cfttuet  of,  77@i  7SU  ;  prem»- 

tare,  780,  7S1 ;  retanlisd,  782,  iU. 
FaiiloD,  infiuenoe  of,   on    locretioA    of 

Milk,  740-742, 
Pauperii,  dbt^Fj  o^  45. 
Feltt^im  Negro  EaL-e.Sr^- 
Fdvut  form  of,  ta  diflerent  R^oee,  858. 
Pepilti,  81-S3. 
Pepkiue«,  fonniitton  of,  from  mlbumiDoiu 

c^mpouodB,  9  If  92  ;  osmotic  energy  of^ 

iiy. 

Periodtcsal  pbouomeuaj  426,  773,  779* 
PorittAltic    mo?e»icni  of  inteatinea,  64, 

67^ &  ;  effects  of  veaous  blood  on,  69 ; 

c^^^ts  of  iiriution  of  vfinoua  parU  of 

nervous  «y8|#ni  on,   69  ;  ii^ftaeDoe  of 

motitU  etfttoi  on,  735. 
PeniBfceacoof  ■eosory  impreBsiotifl,  UjctUe, 

61S  ;   guitAiiw,  623  ;  olf»ctivB,  027  ; 

viaua],  652,  653  ;  auditory,  660. 
PtirflpiriitioD,    aee    Badoriparam   Exert* 

Pervonal  Eqiiaiion  of  Aitrotiotiibftl  ob« 

servers,  673. 
Pojeriao  glandali^,    atruetuine  ftitd  r^l*- 

ttoneof.  111,  129,  ISO. 
PbtJiiwa,  inflaenco  o^  od  Puke,  22"* 
Phoflpbatot,  Alkftiiaei  in  blood,  342  i  in 

urmo,  412,  413. 

^ ,  Efcrtby,  in  unne^  412,  413* 

PhoopbltMat  uivciligmtioQ  of,  657* 
PbMpbora^  dimln«tion  of^   by  bnmtb, 

293,445;  by  unoo,  411,  445 
Pho«i^oreaoonoe  of  living  body,  415,  446, 
Piirenologtc*!  doctriiio,    of    CereWluic, 

568-574  J  of  Cerebrum,  $84. 


Pit^ of  3<waJi,  apiiwriiVnia  tt^i 

of  Voioc,  nj^oktloii  ot  711*1 

Pkcenta,  foRtt&tioa  of  festal  pofflMi«C 

771,  772 ;  of  nuUer&Al  portioiV  773* 

775+ 
PlactftiUl  mnmmr,  775. 
PiM/rrfabe  Ape%  mm^^twou  ^  lia^ 

oC  witb  *hA%  of  M»n,  21. 
Paenaifttology  of  tbs  blood,  ITS^ 

g«CDtiii  ili«&lbislloci  mod  csdoi 

of^  514  ;  tti  kiatraiiicot«Hty  U 

trtion,  63  ;  in  bongts'  anil 

Mol^/    Its  inicuQos    01 

gftKtric    anid,    d^-88»    134    719: 

moT«mi>Dla    of  ltaMl^^B^^,   d5v  6< ; 

muvememii    of   hmH^    2l7^t9i;  ill 

ti,ctlnti  MS  cxcilor  «C  MPualiMi,.  175  [ 

lu  inBuesoe  on  brymx,  275)  179,  515. 

Pointer  ijld  Soitor,  v&eoSiMr  faraedliv 

of,  7^. 
PoifOflw,  modo  of  m^xm  ^  tM;  IhA 

pmm^    into    tb«    elrottloioiii   291; 

elimioA.tM»i  of,  from   bloody  HJ^  Ift^ 

212,  213. 
^ Morbid,     tb«ir    aabalMtif*  k* 

istenee,  206 ;   vomo  gw>imtod  «ith« 

t}i«  ^BlMD,  207,  203,  it0;  ^ww, 

207  ;  pr«d^^«t«ioii  to  tbdr  Mtr^^ 

207,  ^08  ;  oooiss  of  a«lioa  ol; 

Rltention  of  blood  by,  210^  211 ;  \ 

e^vetf  of  blood  fsom^  213. 
Polynesian  Bao«,  B7  7-^19, 
Portal  Vein,  bktod  of,  178 ; 

of,  witb  blood  of  hepiiiio  ¥«iii,  I7f,  II 

its  dktribmioQ  in  Liver,  S7S,  37^. 
Poof  V^^mlii,  e^acU  of  awlioft  of,  541^ 

550- 
Partio  diirm^  ongin  of;  50^  :  fmmelkm  d, 

512, 
PoiitJre  ooooomiodatioii  of  i^  «ji^  191. 
Potash,  its  predottti  nance  to  f«d  twf|iii 

cleo,  157  ;  efi«ct  of,  on  nnooi  4t€L 
Potteridi  (Kcmtiiigton),  tnorUlity  •!,  Stt. 
Pre^ancry,  aign^  of,  776  ;  m«  iitatmtkm. 
Prebeiiiion  of  food,  movemeateol^  5t,l 
Preibyoia%  633.  ^ 

Pressura  of  Bbod  in  ttrtmnm^  fiS^  : 

m  vminM,  244 ;  bonafteddiiriaigt 

tioot  245  ;  tmfliMaoo  oi;  on  i 

urih«,  400*  403. 
PHmitivo  lYwse,  794* 
PrtNoni,  diot-teale  of,  44»  45  ;  mm  fboh 
Propalhoui  Sktill,  854,  3^5^ 
Projection  of  objects,  vUiud  ■niiiiMiliw 

of,  644H547. 
Proeenceiibalon,  deTolopoiBBlof,  3S^I 
Ptoatftto  Glfioid,  fonctioii  el^  749i,fl — 
Protmctod  Oaftatioii,  rSi;  TBt^f 
Ptyalln,  73. 
Puberty,    tbe  cbftmelerisljo   of  T« 

593  ;  in  femftle,   757t    75$  ; 

751,  752  ;  di«eiMi  of,  89$. 
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Puerperal  Fever,  prediflposing  causes  of, 
208. 

Pulse,  Arterial,  235-246  ;  mode  of  for- 
mation of,  238 ;  artificial  production 
of,  239  ;  rate  o^  under  different  con- 
ditions, 237-245  ;  proportion  of,  to  re- 
spiratory movements,  273,  274 ;  di- 
chrotous,  238-240. 

,  Respiratory,  258. 

,  Venous,  223. 

Pupil,  action  of,  533,  541,  631,  639  ;  re- 
lation of,  to  Third  Pair,  509,  511  note, 
533  ;  to  Sympathetic,  639. 

Purpura,  state  of  blood  in,  182. 

Pus,  formation  and  characters  of,  360- 
868;  influence  of,  on  coagulation  of 
blood,  194. 

Putrescent  Food,  injurious  consequences 
of,  46-48  ;  Water,  injurious  effects  of, 
49. 

Pyramidal  Skull,  855-857. 

I^rramids  of  Medulla  Oblongata,  anterior, 
500 ;  posterior,  502. 

Pyrensmata,  153. 

Python,  temperature  of,  during  incuba- 
tion, 12  note. 


Quadrumana,  comparison  of,  with  Man, 

17-33. 
Quagga,  transmission  of  marks  of,  787. 
QuidLening,  act  of,  776. 


R. 


Races,  origination  of  new,  860,  861. 

Eciees  of  Mankind,  American,  876,  877 ; 
Arian  or  Indo-European,  866-868; 
Berber,  869  ;  Bushman,  875  ;  Cauca- 
sian, 865  ;  Celtic,  867  ;  Hindostanic, 
871;  Hottentot,  874,  876;  Kaffre, 
874;  Mongolian,  869,  870;  Malayo- 
Polynesian,  878;  Negro,  872-874; 
Oceanic,  877  ;  Pelagian -Negro,  879 ; 
Seriform,  870;  Syro-Arabian,  868, 
869. 

Range  of  vision,  extent  of,  632. 

Rapidity  of  Muscular  movements,  708. 

Rattle-snake,  poison  of,  secretion  after 
death,  901  note. 

Reciprocation  of  sonorous  vibrations, 
663,  664  ;  by  membrana  tympani,  666. 

Red  Corpuscles,  152 ;  see  Blood. 

Reeds,  vibrating,  laws  of,  716,  717. 

H^^  Actions,  general  nature  of,  452; 
of  Spinal  Cord,  524-538  (see  ExcitO' 
Motor  Actions) ;  of  Sensory  Qanglia, 
551,  554  (see  Sensori-Motor  Actions). 

Refraction,  laws  of,  627. 

Regeneration  of  tissues,  354-361. 

Regimen,  see  Diet,  Food. 


Relations,  near,  tendency  of  their  mar- 
riage to   produce  imperfect  progeny, 
786,  787. 
Relief  of  surfaces,  visual  appreciation  o^ 

644-647  ;  conversion  of,  651,  652. 
SqaarcUion  of  mjuries,  354 ;  completeness 
of,  in  lower  animals,  855 ;  limitations 
of,  in  higher,  355  ;  most  energetic  and 
complete  in  earliest  periods  of  life,  355, 
356  ;  not  dependent  on  inflammation, 
856 ;  by  immediate  union,  356 ;  by 
adhesion,  357,  358  ;  by  modelling  pro- 
cess, 358,  359  ;  by  suppurative  granu- 
lation, 360 ;  by  secondary  adhesion, 
361. 
Reproduction  of  limbs,  in  foetus,  856 ; 

of  lower  jaw,  356. 
Resonance  of  sounds,  664. 
Respiration,  genersJ  nature  of  the  func- 
tion,  263 ;    sources  of  demand  for, 
264-266;   essential   provisions  for, 
264;   apparatus  of,    266-269    (see 
Lungt) ;  mechanism  of  acts  o£  269, 
270. 
Movements  of,  269-272 ;  muscular  force 
required  for,   272,    273 ;   rate  and 
extent  of,  273,  274;  maintenance  of, 
by  nervous  system,  274-280 ;  excitor 
nerves  of,  275,  276 ;  motor  nerves 
of,  277 ;   partial  volitional  control 
over,   277,   278;    modifications  of, 
280,  281. 
Effects  of,  on  Air,  284-300 ;  amount 
of  air  consumed,  285-287  ;  changes 
in  its  proportions  of  oxygen  and  car- 
bonic  acid,  287-293;    quantity  of 
carbonic  acid  imparted  to,  288-293 ; 
changes  in  proportion  of  nitrogen, 
296;    watery  vapour  imparted  to, 
296-298  ;  absorption  from,  298,  299. 
•   Effects  o^  on  Blood,  171-177  ;  on  its 
general  composition,   171,  172;  on 
its  free  gases,  1 72, 175 ;  on  its  fibrin, 
175;   on  its  corpuscles,  175,  176; 
on  its  colour,  176,  177. 
Consequences  of  Stupension  of,  800- 

302. 
Effects  of  2><;;{cieYi<ry  of,  303,  305;  pre- 
disposition to  zymotic  disease,  804* 
817;    predisposition   to    spasmodic 
diseases,  315,  316;  excess  of  mor- 
tality attributable  to,  316,  317. 
Respiration  of  hydrogen,  295,  300 ;  of 
nitrogen,   295,  800 ;  of  oxygen,  299, 
800. 

artificial,  partial  sustenance 

of  heat  by,  438. 
Respiratory  Pulse,  258. 
Restiform  bodies,  500,  502. 
Rete  amplum  of  intestinal  lymphatics, 

112. 
Rete  angustum  of  intestinal  lymphatics, 
112. 
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Retia  mirabilU  of  lympbatict,  136, 127* 
B^ina,  structure  of,  034-638  ;  moit  Ben- 
BlUTe  point  of^  637»  556  ;  teaat  aeosi* 
tiTO  point  of^  637,  <35fl ;  perelsteiioe  of 
irapreBAioiis  on,  652,  #5^  ;  irradiiLticiii 
of  impreauotia  on,  65^  ;  apectra  pro- 
daood  by  preMOro  on^  657  ;  circuUtion 
In,  rendered  viflibte,  S5$  ;  derelopnieiit 
of,  825. 

Rhiupncepb^Iodt  development  of,  B2% 

KbythniJcal  movemeut4  of  henJ%  216, 
217  {Heellmrt);  of  vomik,  234,  25& ; 
of  duiphra^m,  277  ;  of  atnped  tuuad«v, 
683, 

Rigor  Mortia,  694. 

RiSlfera)  Aeplaticbnlc  cbar^cter  of  nulea 
of,  10  noU. 

Eudbnental  pftrta,  u»»  of^  201* 


a 

Saoobarine  oonstitoenti  of  food,  S3,  34, 
a&^4l;  digestion  of,  0L 

matter  in   blood,    167,    170, 

387-3&3  ;  in  otber  tiasuea,  34. 

Sii>c<^u1t  of  Colon,  nse  of,  69, 

St  Kilda,  mortality  at,  315, 

St.  Martiiv  owe  of,  64,  80,  83-^6, 

SalitOj  compo9ttjoii  of,  72,  73  ;  diSbront 
kinds  of,  73 ;  oaes  of,  74,  75  ;  influ- 
ence of  iiervoua  system  on,  75,  76  ; 
quantity  of,  eecroUd  daily,  74  ;  infln* 
enoe  of  kind  of  food  upon  qtuiitdty 
of,  74, 

Sidivary  Glandu,  71.  72, 

Mts,  NeutTnl,  influence  of,  on  chango  of 
oolour  of  blood,  173, 177  ;  in  retanimg 
coagulation  of  blocHl,  195,  W6, 

of    Blood,   norm**!    proportion   of, 

]  09,  167  ^  variations  of,  in  disease, 
185;  uses  of,  342, 

^—  of  Urinc^  405,  411-413. 

Sangui^caHomj  proceas  of,  125-146; 
share  of  Liver  in,  125  ;  of  Absorbent 
Syatem,  126-13e;  of  Ductleau  Glands, 
136-U6, 

Sanskritio  languages,  86  7j  371* 

SaUety,  flense  of,  43p  53  nott. 

Scab,  formatton  of,  353  ;   artificial,  359. 

Scurvy,  cauaea  of,  42,  43  note;  state  of 
blood  in,  182;  at  MiUbank,  57- 

Becondftrily  Automatic  actions,  534-^36, 

5B^t  ^^*>  ^5^> 

SkcrktioK,  itB  relatioQ  to  Eicretlon, 
371-373  ;  Influence  of  nervoiia  pyat^m 
on^  736,  738-745 ;  eontJnuam^e  of, 
after  deatb,  901  ;  meta^taaia  of,  374- 
376 ;  ebotrio  disturbance  in,  374^ 
876?  ■»  BiU,  Oattric  Jmet,  Milk, 
Pimeree^  Fluid,  Saih^af  Urine,  ka. 

Becnnderabad,  mortality  of  Iroopg  at, 
314. 


SegmentAtion  of  vitellus,  7^  79%r 
S^lf-contr\>l,  «ee  IWifjoiu 
SemicircQUr  CanaK  fonctioni  ot 

efifocta  of  section  of^  £47. 
Setnina]  flmd,  character9  of.  74&,  749. 

Semitic  EUoe,  863,  869,  871, 

Sen^aiiQn,  its    seat    id    the 
544,  545  ;  general,  604  ;  speoMlt 
605  I  dependence  of,  on  capillHTi 
lalion,    605 ;   various   klo^  o(    W^ 
606;    eitdtemesnt   of,     by    aleetfieil^, 
607 ;  by  mechanical  imprattlOtM,  6<S"* 

SenmH&m,  their  aeat  ia  Senaorj  Ganflta, 
544,  545. 

SeDsibility,  geoeral  relatire  di^f«ei  of, 
in  difiWetit  p«rtH  of  body,  604«  605. 

,  tactile,   reUbtl^e,   of  di^Brtat 

parts  of  skin,  610,  6tl* 

Seksori-motitr  Aeimf^  tbeur  «QfTi- 
spondenco  with  tUe  Iiiatinelif»  U 
lower  animals^  452-155;  tbfe^  Mt^ 
pendonoeof  Ihe  C«fiebttiiD,  551-459; 
their  establishnieiit  hj  ^bit,  55X  SR 

SentoHoro,  it«  sp«eial  Meat  in  theSt&Mi; 
Ganglia,  544,  545,  5S8,  5^i&, 

Senaojy  Gangiia,  general  stTuetiuv  aid 
rdaliona  of,  45S,  533-540;  their 
nerve*,  540,  544  ;  their  relaHire  pf*- 
dominance  in  lower  aniiiiaK  4$|^  159; 
tbe  probable  eeat  of  ;^naa|knfbrii- 
teraal  impresaiooa,  544-546  (tix  gi— 
titm) ;  ako  for  Cerebral  chwiftiV  51^ 
539  ;  reflex  function*  of,  551-"*  ^ 
Smmfi-mofor  Actions)  ;  their  ( 
patlon  in  voluntary  actions,  53 

Sonaofy  Nerves,    lava  of 
tbpougb,     40$,    467  :     8M     Jkt 
Nerve- fibres, 

Tra^  of  MeauUa  Obl«Mite»  tt^ 

507.  ^^ 

Seriform  Race,  870. 

Seroua  layer  of  G^miinal  membTana,  7% 

< »  effu^iona  of  IntUinmatitm, 

Strrum,    151,     187  ;    proportit^n    of, 
cnu^amentiuii,  104 


l1 


366. 
Setter  and  Pointer,  peculiar  brvodinff  4 

735,  786.  ^ 

Seventh   Pair  of    Nenrn,     512; 

origin  of,  Bii5n 
SesBCtj   proportional    ntimbtt    of^    iSi^ 

dilfervncea  j«  genera]  dovekifM 

329  ;  in  viabditT,   82»,  830  jl 

position  of  blood,  168,  16»;  ' 

22(5,  227;    in    resiiiraiioii,    ! 

paycbic^U  character,  832,  023^ 
Sexual  sensation,  probable  asai  o^  571^ 
JShock,    effect  of,    on   bearl^    211^;  ao 

capillary  circulation,  25^, 
Siglung,  aot  of,  2S0,  2 SI. 
Single  Viaion,   conditiona  of,  114$. 

703,  704, 
^<Gng«nd  families^  S60» 
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Sixth  Pair  of  Nerves,  610 ;  deep  origin 

of,  606. 
Size,  viaual  appreciation  of,  648-660. 
Sheep,  new  breeds  of,  860. 
Skeleton,  development  of,  814-821,  826, 

827. 
Skin,  Colour  of,  its  variation  in  Man, 
861;  absorption  by,  128-126;  respira- 
tion by,  293,  423,  424;  transpiration 
from,  420,  423. 
Skull,  forms  of^  in  different  races,  864- 
868  ;  prognathous,  864,  866  ;  pyrami- 
dal, 856,  866;  oval,  866,867. 
Sleep,  defiuition  of,  690  ;  condition  of  the 
circulation  in  the  brain  during,  690; 
necessity  for,  691 ;  periodicity  of,  691 ; 
692  ;  predisposing  influences  to,  692  ; 
means  of  inducing,  692 ;  access  of, 
693 ;  intermediate  states  between  sleep- 
ing and  waking,  694, 696  ;  influence  of 
expectation  and  habit  in  inducing, 
696 ;  influence  of  impressions  on  the 
mind  of  the  sleeper,  696,  696  ;  amount 
of,  required  by  man,  696,  697  ;  cases  of 
absence  and  cieficienoy  of,  698  ;  undue 
protraction  of,  698. 

SmeUy  nerves  of,  624,  626;  their  distri- 
bution, 624;  Sense  of,  626;  conditions 
of,  626  ;  uses  of,  626  ;  improvement  of, 
626 ;  modification  of,  by  habit,  626  ; 
duration  of  impressions  on,  627 ;  its 
participation  in  Taste,  622  ;  exaltation 
of,  in  Somnambulism,  602. 

Snake,  temperature  of,  during  incubation, 
12  note. 

Sneezing,  act  of,  281. 

Sobbine,  act  of,  280. 

Solar  plexus  of  Sympathetic,  729,  730. 

Solidity,  perception  of,  644,  647. 

Somatic  Death,  901-903. 

Somnambulism,  relations  of,  to  sleep  and 
reverie,  601  ;  suspension  of  volitional 
control  in,  601 ;  phenomena  of,  601  ; 
mesmeric,  601-603. 

Sounds,  propagation  of,  663-666  ;  direc- 
tion of,  671  :  distance  of,  671 ;  pitch 
of,  670  ;  musical  nature  of,  661. 

Sounds  of  Heart,  223,  224. 

Sound  Colours,  661. 

Specific  identity  or  diversity  of  Human 
Races,  question  of^  860-866. 

Spermatozoa,  nature  and  evolution  of, 
749,  761 ;  essential  importance  of,  in 
fecundation,  761,  766,  766. 

Spheno-palatine  ganglion  of  Sympathetic, 
731. 

Spherical  Aberration,  628. 

Sphincters,  action  of,  71,  631. 

Sphygmographs,  construction  of  various, 
286-288. 

Sphygmographic  tracing  of  the  cardiac 
movements,  221 ;  of  arterial  pulse,  236- 
287. 


Spinal-Accessory  Nerve,  deep  origin  of, 
603,   604  ;  distribution  and  functions 
of,  616,  617. 
Spinai  Cord,  structure  of,  491-600 ;  ex- 
ternal conformation    of,  492,  493  ; 
vesici^ar   substance  of,    493,   494 ; 
fibrous  strands  of,  494,  496  ;  connec- 
tion of,  with  nerve-roots,  496-600. 
Functions  of,  619,  638  ;  as  an   inde- 
pendent centre,  619,  624  ;  as  a  con- 
ductor of  sensory  impi'esRions,  620- 
622 ;  asaconductorof  motor  impulses, 
622,  623;  its  proper  reflex  actions, 
624-630 ;  their  relation  to  the  Organic 
functions,  631,  632  ;  their  protective 
character,   632,    633;   their  subser- 
vience to  locomotion,  634,  636  ;  its 
influence  on  MuscuUr  tension,  636- 
638 ;  development  of,  821,  822. 
Spinal  Nerves,  607 ;  double  function  of 
their  roots,  607  ;  tiieir  connection  with 
the  Spinal  Cord,  494-496,  621. 
Spitalfields    Workhouse,    fever,  &c.  at, 

313. 
Spleen,  structure  of,  136-139 ;  chemical 
composition   of,   139 ;    lymphatics  of, 
139;  development  of,  139,  140;  func- 
tions of;  140,  144-146 ;  blood  of,  178, 
179. 
Splenic  Blood,  178,  179. 
Stammering,  nature  of,  727;  treatment 

of,  728. 
Stapedius,  functions  of,  667. 
Starch,  a  constituent  of  food,  33,  34,  37, 
44  ;  its  transformation  by  saliva,  76, 
76;  by  intestinal  fluid,  102;  import- 
ance of,  in  protecting  other  tissues  from 
the  action  of  oxygen,  332  ;  production 
of  fat  from,  341. 
Starvation,  effects  of,  64-67  ;  death  by, 
66,  903 ;  Chossat's  experiments  on,  64, 
66,  434,  436. 
Stereoscope,  644-647. 
Stimuli,  action  of  various,  on  nervous  sys- 
tem, 471-^73. 
Stomach,  movements  of,   64-66 ;  action 
of,   in  vomiting,  66,  67  ;  influence  of 
pneumogastric  on,  ^5,  66, 86,  87  ;  influ- 
ence excited  bv  sympathetic  upon,  88; 
lymphatics  of,   79 ;  secreting  follicles 
of,  76-79  ;   villi  of,    79 ;  secretion  of 
gastric  juice  by,  79-83 ;  digestion  in, 
83-86,  89  ;  temperature  of,  during  di- 
gestion, 86 ;  effects  of  blows  on,  219. 
Strabismus,  pathology  of,  704,  706. 
Strength,  feats  of,  706,  707. 
Strings,  vibrating,  laws  of,  716,  716. 
Strychnia,  action  of,  on  blood,  204. 
Sublingual  Gland,  71;  secretion  of,  73. 
Submaxillary  (Ganglion  of  Sympathetic, 

731. 
Submaxillary  Gland,  71;   secretion  of, 
73. 
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ioeett*  EntmcQA,  lOt-1^4  ;  lli  use  in 
^iB^rtiotip  loa,  103* 

#-20  ■  qii&Dtl^  of,  420-422  \  Tuariottt 
with  urinarj^  375*  42S  ^  coDsequeiKm 
of  copproniott  of,  424  ;  frigairtfyiQf 
effect  of,  421,  422,  443,  444. 

Sudorlpftroiu  GlAnduls,  4l»,  420. 

Bugiu-,  ft  conxtitueiit  of  thebodjff  3^  ;  ^o*^ 
tnfttkici  of,  m  Uver^  SS7-3d3  ;  pungv 
of  into  tinoe,  mll«r  IcnoiM  «f  merroiii 
■^bem,  391. 

8iilphat«B,  Alluline,  In  min^  405,  41 S. 

Sulpho^adide  of  PolAerittmr  la  Uie 
Sftlim^  73  ;  ftcttos  o^  oa  Hettrtt  221^« 

Salphur  of  Bile,  its  elimlD&tioa  bjr  fieoon, 
10?. 

Bnp^lcvbitioii,  7S3,  7S4 

Siipetiiamef»rj  Fartfl,  351. 

Supptirfttion  of  iroQiids,  360,  Sf^l* 

Stipm-Eenal  bodieff  itruelure  of,  140» 
141  ;  derelopaient  of,  141  :  f auction 
of,  141  ;  effects  of  afiUttou  of,  140, 
141 ;  cffeotM  of  dia^ftad  o^  141. 

Bumlcftl  Fe^er,  predi«posii]g  esuaefl  o{^ 
208. 

BjmmetrieAl  diBeanes,  200,  201. 

%mHslAeaV^>^m,  ieeNKicrocs  Stbtem. 

&}n3cope,  de&ih  tjy,  901,  902. 

Syro-Afabiim  Race,  808,  869, 

Swf^UowiDg,  ftvi  of,  Gl^  64. 


T. 

Tattle  Corpiudei,  603-610. 

T&molijin  Lai]giiage^  S7L 

Tannic  n^idf  notion  of  solatioiis  of,  on 
blood'coj-pusclefl,  158, 

Taste^  guigUoa  of^  533 ;  cerv^a  of, 
620,  m  i  B^nm  of,  617,  623  ;  pecu- 
liar object*  of,  01 T  I  Bpaciid  copditimis 
of,  ai8  ;  «eftt  o^  610  ;  pi^illie  u^  610, 
620  ;  TATjiog  ooutenen  of^  S21  ;  pei^ 
lidpatloti  ofimell  iOf  622  i  ^am  of, 
322  ;  Itrkprovement  of,  by  lubitj  923  ; 
CABefl  of  loftii  of,  622  nide, 

TauDton,  Gboleni  at,  305,  306* 

Tnuixicholic  acid,  383. 

Te»j  cotnpofljUon  of,  52  ;  Influence  of^  on 
urine,  413. 

Teeth,  deciduoua^  exuviation  of,  343, 
344  \  development  ttf^  883,  S37  i  per* 
n9An«ut  devehrpment  of,  SOOj  891, 

Teropermture,  externa],  itiftueuce  of,  on 
tempemtur^  of  body,  422,  423  ;  ex* 
tremes  of,  endured  bj  Mau,  432,  433. 

Sense  of,  013,  015. 

of  the  blood   in  di^ereni 

pftrti  of  tbe  body,  150,  I5L 

Teusion  of  Mnsetes,  iniuenoe  of  Spbftl 
Cord  on,  636-533, 

Tentor  tympani,  funotioni  o^  3^7. 


Dclioo  of,  ^^^1 
oonelitiocBle  ^H 


Te«le«^  etnotsre  of,  747,  7IS  ; 

n«tt<911. 
ThAkmi  Optkl,  ^SS  :  tlteir  frtitiin  I* 

Cen^bmin,  5^9,  57«,  577  ;  UmIt  tec^ 

tioDi^  538^540. 
Tbein«.  effect  ot  <»n  iirio«,  4I€. 
Thini  Peir  <>f  Kerrea,  505^  filO. 
HiiEsty  immadiftle  eoaitae  <if  wmsmm d^  H; 

deBtiil^,£6l 
Tbjmiis  Gtuwlt  AtrDcUm  Ati4 

meat  of^  141^143;   fvoclioo 

145, 
Thyroid  (^Und,  olicnii 

142;    atrfidlif^  of,  143  ;  ftmolMO 

144,  145,  711  m>U 
TiAmaao^  inllaeops  of^  OQ  body,  51 ;  ea 

icipintlon,  300. 
Tongo^  pflipiUs  of,   61  d,  630;  mbbm? 

nerves  of,  620,  6 Jl  ;  m<Am  tttrrtt  «4 

517,  51S  ;  H»  T'ojff. 
Tengoet,  vibrating,  Uwa  of,  716^  717. 
Iboicity  of  Arteriee,  2^33|  234  ;  of 

S5^,  260. 
IWM,  gmglift  of,  5S8,  539  ; 

544;  Sense  c^  308-Ct7 ;  fttpilte  < 

608-610  ;  T&rjing  acuteoew  oC  610: 

tbeory  of  ueDse  of,  611  ;  duratMia  4if 

imprenioii  of,    613  ;     kaowled^  i^^ 

quired  by,  61 2 ;  Impftivenitfni  oJ^  ti7 

practice  and  atteiiltoit,  615,  616  ;  9am 

btnation  of,  witJi  vboal  enntf,  640. 
Toxtc    Diieiae^   geneemi  pal&«Mfyin4 

tbcrftpmtia  of,  203^213. 
Tminefi^  diet  oC  46. 
Tnnoe,  caoMi  of,  901-906. 
Tricnipid  valve,    impisi^cfc 

222. 
Tngeminua,  503  ;  eee  Fif^  P«r. 
TneiDoi    NKBcefitium,    movtality   froov 

315. 
Tuber  Annnlare,    etfect«  of  tcctiaii  «C 

550  ;  eJfiKta   of  ele«tHo  dxTnut  «% 

550. 
Tuberele,  tiiiture  of,  360,  370. 
Tlib«(rcula  QuftdrigemiuA,  538,  546, 
Tobercjular   Diatb^in,  369,  370; 

feetftlion  of,  at  diS'«f^eni  Agee^  89S, 
Tnbe%   dle^ta  of  fanous  w&dttioot 

6ow  of  li(|uli!«  tbrongb,  211  ii«€e. 
TumoQTB,  Ibeir  roLiti^n  to  hypcrtfop&Jti^ 

350  ■  mallgTjwit,  352,  ZJl, 
TurLisb  Baoe,  369,  370. 
Tympanic  npfmimtiie^  ■iiyutm^>  aad  vam 

of,  636-668. 
Typhoid  fever,  »H«nitioiift  of  tilood  in, 

181. 
TyroBiu,  333. 


1 


J 


U. 


3 


Umblllea]  Oor6,  ttmatnr*  «f^  SOl^ 

Tewck,  797,  801. 

VcMeli,  797,  796,  ^l,  ML 
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Unit  of  Heat,  437. 

Upas  Antiar  poiBon,  action  of,  on  motor 

nerves,  689. 
Urachue,  801,  812. 
Ursemiay  pathology  of,  400,  401. 
Urea,  its  ordinary  proportion  in  urine, 
405 ;  influence  of  inanition  on  excretion 
of,  327  ;  sources  of,  336,  337  ;  various 
circumstances    affecting   quantity  of, 
400-403 ;  its  presence  in  blood,  148, 
180 ;  in  sweat,  420 ;  consequences  of 
its  non-elimination,  400,  401 ;   effect 
of  alcohol  upon  excretion  of,  50. 
Uric  Acid,  its  ordinary  proportion  in  urine, 
405,  409  ;  its  sources,  339 ;  variations 
in  its  amount,   339,  409,   410;  sedi- 
ments produced  by,  409. 
Urination,  act  of,  70,  531. 
UrinCt  secretion  of,  393 ;  excreroentitious 
character  of,  336-340 ;  phvsical  pro- 
perties of,  400,  402  ;  quantity  of,  402, 
403  ;  circumstances  affecting  quantity 
of,  400,  403  ;  specific  gravity  of,  404 ; 
composition  of,   405  ;  influence  of  in- 
anition on,  327 ;  colouring  matter  of, 
411 ;  gases  contained  in,  413  ;  differ- 
ences of^  with  age,  407  ;  influence  of 
diet  on,  836,  407, 408 ;  influence  of  diu- 
'  retic  medicines  on,  417,  418  ;  Organic 
components  of,  405,    406   (see  Urea, 
Uric  Acid,  &c.) ;  acidity  of,  839,  409, 
410,  414  ;  alkalinity  of;  414,  415  ;  In- 
organic components  of,  405,  406,  411 ; 
sugar  in,    338 ;    lactic  acid  in,   416 ; 
vicarious  secretion  of,  374,  875. 
Uro-genital  sinus,  812. 
Uterine  Glandulse,  768. 
Uterus^  inherent  motility  of,  777 ;  increase 
of,  during  pregnancy,  775,  776 ;  action 
of,  in  parturition,    777,  778;    subse- 
quent degeneration  of,  346,  778 ;  em- 
bryonic   development    of,     811-813; 
rudimentary,  of  male,  812. 


Valves  of  Heart,  220,  221  ;  diff'erence  of 
mitral  and  tricuspid,  222 ;  sounds  pro- 
duced by  tension  of,  223,  224. 

Vapour,  aqueous,  absorption  of,  121- 
123,  296  ;  exhalation  of,  296-298. 

Variation,  tendency  to,  859,  860. 

Varieties  of  Man,  their  essential  confor- 
mity in  structure,  850-861  ;  in  phy- 
siological characters,  861-iS63 ;  m 
psychical  endowments,  863,  864 ;  in 
ian^ages,  864,  865 ;  see  Racet, 

Vasa  lutea,  799  note. 

Vascular  Area,  797. 

Vaso-motor  nerves,  232. 

Vegetables,  fresh,  an  essential  article  of 
diet,  41. 


Vegetarianism,  88. 

VeinSf  structure  of,  257;  movement  of 
blood  in,  258-260 ;  causes  of  motion  of 
blood  in,  258,  259 ;  congestion  in,  259, 
260;  development  of  first  set,  797;  of 
second  set,  803,  804. 
Venous  BlooMi,  differential  characters  of, 
171,  172-174;  causes  of  variation  of 
colour  in,  177 ;  influence  of,  on  intes- 
tines, 69  note;  on  heart,  217 ;  on  re- 
spiration, 276. 
Ventricle  of  Heart,  effect  of  pregnancy 

on  left,  222. 
Vertebra,  typical,  816,  817. 
Vertebra,  cranial,  817. 
Vertebral  Column  of  Man,  comparison 
of,  with  that  of  Apes,  25 ;  first  indi- 
cations of,  814, 815  ;  subsequent  deve- 
lopment of,  815,  816. 
Vesicula  Prostatica,  its  real  import,  812. 
Vesicuke  Seminales,  function  of,  753. 
Vesicular  nerve-substance,  449-451. 
Vestibule  of  Ear,  669. 
Viability,  early,  of  foetus,  781;  relative, 

of  two  Sexes,  829,  880. 
Villi,  intestinal,  structure  of,  110-118 ; 

of  stomach,  79. 
Vitionj  ganglia  of,  538  ;  nerves  of,  541, 
542,  643;  Sense  of,   627-659;  optical 
conditions  of;  627, 628;  defects  in,  683, 
634;  accommodation  of,  for  varying 
distances  of  objects,  629-632;  nervous 
apparatus  of,  684-638  ;  limits  of,  688  ; 
use  of,  in  combination  with  touch,  640, 
641 ;  erect,  cause  of,  641,  642;  single, 
conditions   of,   642,   643,    703,    704; 
appreciation  of  solid  forms  by,   644, 
647;  of  distances,    647,  649;  of  size, 
649-651;  conversions  of  relief    651, 
652 ;  persistence  uf  impressions,  652, 
653;  complementary  colours,  653,  654; 
want  of  power  to  distinguish  colours, 
654,   655;  irradiation   of  impressions, 
655;  vanishing  of  images,    655;  sub- 
jective phenomena  of,  656,  657;  per- 
ception^ of  laterally-situated  objects  by, 
656;   representation   of    retina  itself, 
658;  improvement  of,  by  attention,  658, 
659;  importance  of,  in  guiding  move- 
ment, 556-558;  appreciation  of  vary- 
ing amounts  of  illumination  by,  659. 
Vital  Economy,  balance  of,   324;  with 
ordinary  diet,  825,  326;  in  inanition, 
327-380;  with  pure  meat  diet,  331; 
with   meat  and   fat,    831,   832;    with 
sugar  and  meat,  833;  differences  be- 
tween  Camivora  and    Herbivora,  in 
respect  to,   383;   changes   undergone 
by  albumen  in  maintaining,   335-340 ; 
changes  undergone  by  fat  in  maintain- 
ing, 340,  841;  changes  undei]gone  by 
sugar  and  starch  in  maintaining,  841, 
842;  application  of  inorganic  consti- 
3  P 
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tuents  of  the  food  to  mainienance 
of,  842;  BubBtitotion  of  new  tissue  for 
old  in,  842-348;  necessity  of  due 
supply  of  nervous  power  for  main- 
tenaoce  of,  847,  848. 

Vitelline  Duct,  797,  801. 

Vessels.  797. 

Vitellus,  755;  its  segmentation,  792,  793. 

Voice,  ordinary,  mode  of  production, 
715-720;  falsetto,  720,  721. 

VolUion,  fixation  of  attention  by,  in 
states  of  Dreaming  and  Somnam- 
bulism, 599-603. 

Volitioncd  Actions,  their  source  in  the 
Cerebrum,  588. 

Voluntary  Movements,  their  dependence 
on  guiding  sensaUons,  554^58 ;  per- 
formed by  instrumentality  of  Sensori- 
Motor  apparatus,  556-561,  695,  696 ; 
not  in  themselves  distinguishable  from 
involuntary  movements,  695 ;  but  re- 
sult from  an  impulse  originating  in 
Cerebrum,  588. 

Vomitiog,  act  of,  66. 

Vowel  sounds,  728-725 ;  discrimination 
of,  661. 


W. 

Wandsworth,  Cholera  at,  808. 

Water,  the  natural  drink  of  Man,  48; 
effects  of  drinking  large  quantities  of, 
49;  effects  of  impurity  of,  48,  49; 
effects  of  deprivation  of,  56;  normal 
proportion  of,  in  Blood,  166,  181; 
alterations  in,  180,  185;  transudation 
of,  by  Kidney,  898,  399,  402. 

Water- dressing  of  wounds,  359. 


Weight,  appreciation  of,  612. 
White    Corposcles,      159 ;     see 

Colourless  Corpuscles. 
Wolffian  bodies,  809,  810. 
Woorara  poison,   inffaenoe  of,  c 

tion  of  Saliva,  76  ;  osmotic  { 

ties  of;  119  naU;  effect  of«  o 

nerves,  689. 


Xanthin,  383. 


Y. 


Yawning,  act  of,  280  i 
gestion  o(  281. 

Yellow  Spot  of  Retina,  637,  656 

Yellow-Fever,  eleration  of  tem] 
after  death  from,  430  ;  contin 
capillary  circalatioD,  251  ;  ii 
of  Negroes  from,  862  note. 

Yolk  of  Egg,  of  fowl,  stracture 
offish,  rotation  of,  793. 

Youth,  characteristicB  oi^  893. 


Zo-amyline,  389. 

Zona  pellucida,  755. 

Zymotic  poisons,  207  ;  prediapoi 
their  activity  from  state  of  bkx 
213  ;  from  putrescent  food, 
from  putrescent  water,  48,  4^ 
alcoholic  liquors,  51 ;  from  sta 
57;  from  deficiency  of  Teepirati< 
308. 
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HEALTH    ANT)    DISEASE.    IN   CONNECTION  WITH  TIIE 

OENKRAL   i'HINCIl'UES  OF   HYGIENE.     Fcnp.  8»o.,  2..  &/. 
DR.   aEALE,  P.R.S. 
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Cbraietkst  and  Teeth  C<;«at'tica;  Bevcnigeaj  Dietetic  ArticlL<^  and  Condimeott;  Trade 
Chemkidi*  MiBcellaneoui  PrrpaTntiont  and  C<9mpoiindt  uied  In  the  Arts,  Bte»;  with 
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DR.    BILUNQ.    F.R*S. 
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AND    THERAPEUTICAL    INDtCATfONa    With  EBtgrnTing*.      FiAk    Ediii-tL 
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CURE  OF  IMPEDIMENTS  OF  SPEECH,    «?*.  dolli,  4j, 
MR.    P.    HINCKEd     BIRD,    F.R.QjS. 

PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDl 

AND  INFANTS  AT  TUE  BREAST,    Tratuhit«d  l^om  the  Fnmci  of  M, BoQ 
with  Notes  tind  Addition!.    &tQ^  doth,    2di, 

M ^— ^^, 
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OUTLINES  OF  THE  YeSiNArI  AKT;  OR,  A  TREATISE 

ON   THE  ANATOMY,  PHYSIOLOGY*  AND  DISEASES  OF  THE   HORSE, 
NEAT  CATTLE,  AND  SHEEP.    SeToatb  EditioiL    By  Charici  Steel,  M^RC.V.aL. 

With  Pbieft.    8m  cloili,  IB*. 

DR.    BOURaUIGNON,  „_ 

ON  THE  CATTLE  PLAGUE;  OR,  CONTAGIOUS  TYPHUS  IN 

HORNED  CATTLE:  ita  History,  Origin^  Deicriptioti,  atid  Treatment.     Poft  Oiro.  b$, 

MR.    JOHN     E.   BOWMAN,    ^    MR.    O.    L,    BLOXAM. 
I. 

PRACTICAL  CHEMISTRY,  mcluding  Aaalysb,    With  numerons  IlJna- 
tmtiotitt  on  WwhL    Fifth  Editlan,    Foolscap  Bvo.  cloth,  Gs*  6^« 

II. 

MEDICAL  CHEMISTRY;  with  lUustratioiis  on  Wood,    Fourth  Edition, 

caneMlj^reTised.     Fcap.  fivo.  eloth,  6j,  6d, 

OR.   JAMES     BRIGHT. 

ON  DISEASES  OF  THE  HEART,  LUNGS,  &  AIR  PASSAGES; 

with  a  Retiew  of  the  leireml  Climatei  recommend i^d  in  th^e  Affect iouA,     Third  £di- 
tioTU     Poit  3to«  ctotb,  Liar,  , p^ 

DR.    BRINTQN.    F.R3, 

THE  DISEASES  OF  THE  STOMACH,  with  an  introduction  on  ita 

AnAtotny  and  Phjaiology;  helag  Lecturea  d«]iirered  at  SL  Thtnuai'^i  EocpiMU     Socond 
Edition,  tivo.  doth,  lO^r.  6i/,  ^^ 

THE   SYMPTOMS,    PATHOLOGY,    AND    TREATMENT    OF 

ULCER  OF  THE  STOMACH.     Port  8ro.  cloth,  i». 


MR.  BERNARO   E.  BRODHURaT.  F.R.O.S. 

CUETATURES  OF  THE  SPINE:  their  Coses,  Symptoms,  Pathology, 

mad  Treatment*     Seeoad  Edition.    Rny.  Sto.  cloth,  with  Engtavingi,  7*,  ^d.^ 

ON  THE  NATURE  AND  TREATMENT  OF  CLUBFOOT  AND 

ANALOGOUS  DISTORTIONS  invoking  iheTlBlO-TARSAL  ARTICULATION, 
With  EngraTbgH  oo  Wood.    Sto.  cloth,  4t.  Bd^ 

IJL 

PRACTICAL  OBSERVATIONS  ON  THE  DISEASES  OF  THE 

JOINTS    INVOLVING    ANCHYLOSIS,  and  oti    the   TREATMENT    for    the 
RESTORATION  of  MOTION.    Third  Edition,  much  enhu^ed,  Bvo.  cloih^  4m.  M. 

MR.    THOMAS     BRYANT.    F.R-CS. 

ON   THE   DISEASES   AND   INJURIES   OF   THE  JOINTS, 

CLINICAL  AND  PATHOLOGICAL  OBSERVATIONS.   Post  ilm  cbth,  7*.  Cc^. 

THE  SURGICAL  DISEiVSES  OF  CHILDREN,     The  Lettaomian 

Lectare*,  dcUTer^d  March,  1K63.     Host  Bto.  cloth,  5j. 

DR.    BRVCe. 

ENGLAND  AND  FRANCE  BEFORE  SEBASTOPOL,  looked  at 

from  a  Medical  Point  of  View.    9vo,  cloth,  6*. 

OR.    BUOKLE.    M.D,    L.R.C.P.LONO. 

VITAL  AND  ECONOMICAL  fJTATISTiCS  OF  THE  HOSPITALS, 

INFIRMARIES,  &c.,  OF  ENGLAND  AND  WALES.     Rojal  ftm  3*. 
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ON  DISEASES  OF  THE  LITER. 

ninitmted  with  CbloaTed  Plates  and  EngraTicgti  on  Wood,    Third  EdtLton. 

ON    THE   ORGANIC    DISEASES  AND   FUNCTIONAL^  Dis- 
orders of  THE  STOMACH.    Stq,  dotK  5*. 

DR.  JOHN   CHARLES   BUCKNILL,  ^  HR.   DANIEL   H.  TUKE. 

A  MANUAL   OF   PSYCHOLOGICAL   MEDICINE:    containing 

tli0  HietOTj,  No8o1og7,  De8cH[»Udii,  SuitiBticsi  DiA|noil%  Patliology,  tizid  Tntttment  «l 
tmuiitj*   'S«cond  Edition.     8va.  clothj  15j, 

MR.    CAULENDEa"F.R.C.a. 

FEMORAL    RUPTURE;    Anatomy  of  the  Parts  concerned.    With  Hattt. 
DR.    JOHN    M,    CAMPLIN,    F.U3, 

ON    DIABETES,    AND    ITS    SUCCESSFUL    TREATMENT. 

Third  Edition,  by  Dr.  Glover.     Penp.  ©to,  clotli,  3t  fit/. 


¥ 


MR.    ROBERT    B.    CARTER.    M.R.C.S. 

ON  THE   INFLUENCE  OF  EDUCATION    AND   TRAINIK6 

IN  PREVENTING  DISEASES  OF  THE  NERVOUS  SYSTBM.    Fop^Sro^k 

THE  PATHOLOGY  AND  TREATMENT  OF  HYSTERIA,    P<at 

ffTO.  cloth »  4*,  6 J,  ^_.— *-^ 

OR,    CARPENTER,    F.R.S. 

PRINCIPLES  OF  HUMAN  PHYSIOLOGY,   with  nnmmn, 

tratinns  on  St^el  and  Wuod^     Siitli  Edition.     Edited  hy  Mr.  HsirftT  Pt»irKiL 
dtJth,  2Gi.  ,1. 

A   MANUAL  OF  PHTSIOIOGY.      With  252  niustrmttons  on  SmA 

ULd  Wood,    Fourth  Edition*    Fai|k.  Svo.  cloth,  12*.  Srf. 

THE   MICROSCOPE   AND   ITS   REVELATIONS,    with  ««»*- 

roui  Engtftviiigs  on  Steel  ud  Wood.    Third  Edition.    Fcnp.  tr»,  cl«tb,  I3i,  tfA 
OR.   CHAMBERS. 

LECTURES,  CHIEFLY  CLINICAL.  Fourtb  Edition,  s^a  doth,  lu 
DIGESTION  AND  ITS  DERANGEMENTS.  P(»i8r«.cioth.  io«.«A 

III. 

SOME  OF  THE  EFFECTS  OF  THE  CLIMATE  OF  ITALY. 

Crown  Bvo*  doth,  is.  Gd, 

OR,    CHANGE,    PAM. 

vmcnow*s  cellular  pathology,  as  based  upon 

PHYSIO J.OGICAL  AND  PATHOLOGJCAL  HISTOLOGY,     With  U4  El^^t. 
ingv  on  Woodi    Svo.  cbth,  16t,  

MR,    H.     T,    OHAPIVIAN,    F.RC.S. 

THE  TREATMENT  OF  OBSTINATE   ULCERS  AND  CUTA- 

NEOUS   ERUPTIONS  OF  THE  LEG  WITHOUT  CONFINEMENT      Tkird 
Editioiu    Pott  8m  doth,  3«.  G^.  * 

n* 

VARICOSE    VEINS  ?  their  Nature,  Coiiseqtien<^  md  Trcntment*  rallli- 

tive  and  Camtive,     Second  Editi<«i*     Poit  8 m  d«lh,  3^  6rf. 
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MR.   PYE    HENRY  OHAVA88E,  F.R.O.8. 

ADVICE    TO    A    MOTHER   ON   THE   MANAGEMENT   OF 

HER  CHILDREN.    Eighth  Edition.    Fookcap  8to.,  2>.  M. 

ADVICE  TO  A  WIFE  ON  THE  MANAGEMENT  OF  HER 

OWN  HEALTH.  With  an  Introductory  Chapter,  especially  addressed  to  a  Young 
Wife.     Seventh  Edition.     Fcap.  8to.,  2$,  Bd, 

MR.    LE    QROS    OLARK,    F.R.O.8. 

OUTLINES    OF  SURGERY  ;  being  an  Epitome  of  the  Lectures  on  the 
Principles  and  the  Practice  of  Surgery,  delivered  at  St  Thomases  Hospital     Fcap.  Svo. 
cloth,  bs,  ^.^%.,,........«.»., 

MR.    JOHN    OLAY,    Mil.O.8. 

KIWISCH    ON    DISEASES    OF    THE    OVARIES:   Translated. by 

permission,  from  the  last  German  Edition  of  his  Clinical  Lectures  on  the  Special  Patho- 
logy and  Treatment  of  the  Diseases  of  Women.  With  Notes,  and  an  Appendix  on  the 
Operation  of  Ovariotomy.    Royal  12mo.  doth,  16$. 

DR.    OOOKLE.    M.D. 

ON  INTRA-THORACIC  CANCER.   8vo.  6*.  w. 


MR.    COLU8,    M.B.DUB.,    F.R.O.8.1. 

THE  DIAGNOSIS   AND  TREATMENT    OF   CANCER   AND 

THE  TUMOURS  ANALOGOUS  TO  IT.    With  coloured  PUtea.    8vo.  doth,  lis. 
DR.    OONOLLY. 

THE   CONSTRUCTION   AND   GOVERNMENT   OF  LUNATIC 

ASYLUMS  AND  HOSPITALS  FOR  THE  INSANE.     With  Plans.    PostSvo. 

doth,  6$.  ■■ ■■■■<. 

MR.    OOOLEY. 
COMPREHENSIVE  SUPPLEMENT   TO  THE  PHARMACOPOSIAS. 

THE    CYCLOPAEDIA    OF    PRACTICAL    RECEIPTS,    PRO- 

CESSFA   AND  COLLATERAL  INFORMATION   IN   THE  ARTS,    MANU- 
FACTURES,    PROFESSIONS,    AND    TRADES,    INCLUDING    MEDICINE, 
PHARMACY,  AND    DOMESTIC    ECONOMY ;  designed  as  a  General  Book  of 
.>'  Reference  for  the  Manufacturer,  Tradesman,  Amateur,  and  Heads  of  Families.    Fourth 

and  greatly  enlarged  Edition,  8vo.  cloth,  28t. 


MR.    W.    WHITE    OOOPER. 

^      ON  WOUNDS  AND  INJURIES  OF  THE  EYE.   niostrated  by 

*  17  Coloured  Figures  and  41  Woodcuts.    8vo.  cloth,  12«. 

ON    NEAR    SIGHT,    AGED  "siGHT,    IMPAIRED   VISION, 

AND  THE  MEANS  OF  ASSISTING  SIGHT.    With  31  Illustrations  on  Wood. 
Second  Edition.    Fcap.  8vo.  cloth,  7«.  6d. 


8IR    A9TLEY    OOOPER,    BART.,    F.R.8. 

ON  THE  STRUCTURE  AND  DISEASES   OF  THE  TESTIS. 

With  24  Plates.     Second  Edition.     Royal  4to.,  20f. 


MR.     OOOPER. 

A  DICTIONARY  OF  PRACTICAL  SURGERY  AND  ENCYCLO- 

P/EDIA  OF  SURGICAL  SCIENCE.  New  Edition,  hrought  down  to  the  present 
time.  By  Samuel  A.  Laxb,  F.R.C.S.,  assisted  by  various  eminent  Surgeons.  Vol  I., 
Bvo.  doth,  £1.  5t. 
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MR.    HOLMES     COOTE.    WM.OM, 

A    REPORT    ON    SOME    IMPORTANT    POINTS    IN 

TBEATMENT  OF  SYPHILIS,     8to.  cMh,  Si, 


THE 


DR.   OOTTOM. 

ON  CONSUMPTION:      lU  Nam^,   Symptoms,  aad  Treatment.      To 

wKich  Euay  was  awarded  tht^  Fotbei^tUau  Gold  Medal  or  tlie  Medical  Sodttj  «l 
London,     Secand  EdiUoiu     Bro.  c]oth|  S#, 

PHTHISIS  AND  THE  STETHOSCOPE!  OB.  THE  PHYSICAL 

SIGNS  OF  CONSUUPTION.    Third  Edttioa.    Foolw^  9n.  clolh,  3<. 


MR.    C0UL90N. 

ON  DISEASES  OF  THE  BLADDER  AND  PROSTATE  GLAND. 

New  EditioD,  raTimd*     In  Prrparaiiam, 

ON  LITEOTRITT  AND  LITHOTOMY;  with  Engraviogs on  w<«d. 

tTD.  doth,  8*.  ..^-.„_^^.,^^ 

MR.    WILLIAM    CRAIG,    L.F.P.S^   QLA9QDV^. 

ON    THE    INFLUENCE    OF    VARIATIONS    OF    ELECTRIC 

TENSION    AS    THE    REMOTE    CAUSE    OF    EPIDEMIC    AND    OTUER 

DISEASES,    e™,  doth,  If*i.  ,,„ 

MR.    OURUNQr    F.R.3. 

OBSERVATIONS  ON  DISEASES  OF  THE  RECTUM.     TUri 

Ed  idem.     Bvo.  doth,  7*.  fi*/-  n* 

''    A  PRACTICAL  TREATISE  ON  DISEASF^  OF  THE  TESTIS, 

SPERMATIC  CORD,  AND  SCHOTUM*     Third  Edition,  mth  ETigT*Hngi.     9m 
doth,  16#.  ■.■^■■.■■...^^., 

DR.    DALRYMPLE^    M  J^.C  P.    FR.OS. 

THE  CLIMATE  OF  EGYPT:  MET1^)ROLOGICAL  AND  MEDI- 

CAL  OBSERVATIONS,  wiilt  Practiotl  Hintt  (ui  InYalid Tmrellai.  Pott  Svol  €Mk,U. 


MR.    JOHN    DAt.RVMPLE,    FJK.9,    F.R.C.S. 

PATHOLOGY  OF  TEE  HUMAN  EYE.    Complete  k  Nine  Wucka&i 

Impeml  ita,  20i>  eicK;  h^f-bound  n]Dn>cco,  giU  lops,  OL  Ihs, 
DR.    HERBERT    OAVIES. 

ON  THE  PHYSICAL  DIAGNOSIS  OF   DISEASES  OF  THE 

LUNOS  AND  HEART.    Secood  Edition.    Po«t  Bt«.  d«tb,  8«. 
DR.   OAvev. 

THE  GANGLIONIC  NERVOUs' SYSTEM:  it.  stractnn..  r, 

imd  DioeiiMik     8  to.  doih,  9$.  U. 

X   ON  THE  NATDBE  AND    PKOXBUTE   CAUSE   OF    IN- 

*  SANITY.    Pott  b™.  dotb,  3..       

A  GUIDE  TO  THE  PRACTICAL  °STUDY  OF  DISEASES 

THE  EYE.    Third  Editiao.    Pott  Sto. eluth,  9t. 
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DR.     DOBELU 

DEMONSTEATIONS  OF  DISEASES  IN  THE  CHEST,  AND 

THEIR  PHYSICAL  OIAQNOSia    With  Colound  PUtei.    8to.  doth,  12(.  M. 

LECTURES  ON  THE  GERMS  AND  TESTIGES  OF  DISEASE, 

and  on  the  PreTention  of  the  InyaaioD  and  Fatality  of  Diaeaae  by  Periodical  Kxaminationg. 
Svo.  cloth,  6».  M,  jQ, 

A  MANUAL  OF  DIET  AND  REGIMEN  FOR  PHYSICIAN 

AND  PATIENT.    Third  Kdition  (for  the  year  1866).    Crown  Sto.  doth.  If.  6d. 

ON  TUBERCULOSIS :  ITS  NATURE,  CAUSE,  AND  TREAT- 

MENT;  with  Notes  on  Pancreatic  Juice.    Second  Edition,    down  8yo.  doth,  3f.  ^ 

ON  WINTER  COUGH  (CATARRH,  BRONCHITIS,  EMPHY- 

SEMA,  ASTHMA);  with  an  Appendix   on  some  Principles  of  Diet  in  Di^ase^ 
Lectures  delivered  at  the  Royal  Infirmary  for  Diseases  of  the  Chest.    Post  Sva  doth, 

6*.  6rf.  

DR.   TOOQOOD    DOWNINQ. 

NEURALGIA:    its  various    Forms,   Pathology,  and  Treatment.      The 
Jaoksohiah  Pbizb  E88AT  YOB  1850.    8to.  cloth,  10«.  6<i. 

DR.    DRUITT,    F.R.O.8. 

THE  SUEGEON'S   YADE-MECUM;   with  numerous  Engravings  on 
Wood.    Ninth  Edition.    Foolscap  8 vo.  doth,  12«.6<i. 


MR.    DUNN.   Fil.O.8. 

AN  ESSAY  ON  PHYSIOLOGICAL  PSYCHOLOGY.  8To.doth,4,. 

SIR    JAMES    EYRB,   M.D. 

THE    STOMACH  AND   ITS   DIFFICULTIES.     Fifth  Edition. 

Fcap.  8to.  cloth,  2$,  Sd,  u 

PRACTICAL    REMARKS    ON    SOME    EXHAUSTING    DIS- 

EASES.    Second  Edition.    Post  8to.  cloth,  4«.  6J. 

DR.   FAYRER,    M.D^    F.R.C3. 

CLINICAL  SUEGERY   IN  INDIA.  with  Engravings.  8vo.cloth,16*. 

DR.    FEN\/VIOK. 

ON   SCROFULA   AND   CONSUMPTION.     Clergyman's  Sore  Throat, 
Catarrh,  Croup,  Bronchitis,  Asthma.    Fcap.  8yo.,  2$,  6<L 

SIR   WILLIAM    FERQU880N,   BART.,   F.R.8. 

A    SYSTEM    OF    PRACTICAL    SURGERY;  with  nnmerons  Bins- 
trations  on  Wood.    Fourth  Edition.    Fcap.  8yo.  cloth»  12s.  6d, 

SIR    JOHN    FIFE,    F.R.03.    AND     MR.    URQUHART. 

MANUAL  OF  THE  TURKISH  BATH.     Heat  a  Mode  of  Cme  and 
a  Source  of  Strength  for  Men  and  Animals.     With  Engravings.    Post  8yo.  doth,  5f. 

MR.   FLO\/VER,   F.R.aS. 

DIAGRAMS  OF  THE  NERYES  OF   THE   HUMAN  BODY, 

exhibiting  their  Origin,  Dirisions,  and  Connexions,  with  their  Distribution  to  the  Tarioos  ^ 
Regions  of  the  Cutaneous  Sur&ce,  and  to  all  the  Muscles.  Folio^  containing  Six  fjL 
Pktes,  lis.  R 
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A     MAMJAL     OF     CHEMISTRY;    with  187  IlliistratiQDii  on  Wood. 

Ninth  Edititm»     Fcap.  8 to,  tlotli,  !2*.  iid. 

Edited  by  H.  Bemck  Josbs,  M-D.,  F*R,S.,  wnd  A.  W,  ItotHAjni,  Fa,D.,  F.R-3, 

CHEMISTRY.   AS   EXEMPIJFYINfi   THE   WISDOM   ASD 

BENEFICENCE  OF  GOD,    Second  Editioiu     Fcap,  Bvo,  doth,  4ff,G*l» 

Ml. 

INTRODUCTION  TO  QUAIJTATIYE  ANALYSIS.  Post8va.doii.,2i. 

DR.    D.   J,    t"fRANCI8. 

CHANGE   OF   CLIMATE;   considered  aa  a  Remedy  in  Dj-^yK^ptic,  Pal- 

moniuyf  and  other  Chnmic  AITectiotis;  with  an  Account  of  the  mmA  Ellgihle  Plaoei  of 
Residence  fbr  Inr^lidft,  »t  difcrent  Seiuoni  of  tbe  Ye^*     Pciit  Bra,  ctath^  E«p  $4* 

DR,  W.    FRAZER. 

ELEMENTS   OF  MATERIA   MEDICA;  cmmmmg  the  Chemistfy 

ftnd  Natiun!  HiBl^ry  of  Dnig» — their  Effect*,  J)oee»,  and  Adultemtionfc     Second  Edltioa. 

8to,  cloth,  10*.  Sd.  ^ — . 

MR.   tl.    Q.    FRENOM,    F,R.C.9. 

THE    NATURE    OF    CHOLERA    INVESTIGATED.      Se<»d 

Edition.     8vo.  doth,  4«*  """"'""  '"— " 

O.    REMraiUS     FRE3ENIU8. 

A  SYSTEM  OF   INSTRUCTION   IN  CHEMICAL  ANALYSIS, 

Edited  b)'  Lldvd  BtrLLOcK,  F.C-S. 
QuAi-iTATiVB,    SUth  Edition,  witb  Coloured  Plate  illuitoiting  Spectrum  Aualy^ia.    Br^ 
cloth,  1U»»  6rf. QUAifnTATiVE.     Fourth  Edition.    Svo,  doth,  iSi. 

DR,    FULLER- 
ON    DISEASES    OF    THE    CHEST.    iDclnamg  Discaaes  c£  the  Hetrt 

and  Great  Yewgli.     With  Engravmgt.     Bvo.  doth,  iC-s.  (hI. 

ON  DISEASES  OF  THE  HEART  ANT>  GREAT  VESSELS. 

,     8vo.  cloth,  7ir.  6fi.  III. 

ON  RHEUMATISM,  RHEUMATIC  GOUT,  AND  SCIATICA: 

their  Pnthology,  SymptoniK^  and  TreatinctiL     Third  Edition^    8to,  dftlh,  12#.  6«|, 
DRT'oArRDNER. 

ON  GOUT  ;  its  History,  its  Cattses,  and  Its  Cure.     Fourlh  Editioa,     Port 

avD.  cloth,  6;?,  6rf. 
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MR.     QALLOWAY. 


Third  EditioD*    Fcap.  8t0- 


THE  FIRST  STEP  IN  CHEMISTRY. 

THE  SECOND  STEP  IN  CHEMISTRY;  or.  the  snidents  Guide  to 

the  Higher  Branchea  of  tlie  Science,     With  Kjignivinp.     &vo,  cloth,  10*. 

A  MANUAL  OF  QUALITATIVE  ANALYSIS.    Fo«th  Edition, 

Post  8vo.  doth,  6*.  $d.  it, 

CHEMICAL    TABLES,     On  Fire  Large  Sheets,  for  School  and  U. 

Roomie     Second  Editton.     4s.  SH. 

MR.    J.    SAMPSON     QAMQEE 


k 


HISTORY  OF  A  SUCCESSFUL  CASE  OF  "AMPUTATION  A^l 

THE    HIP-JOINT   (the  litub  *8-in,  iji  dremnferente,  99  Mand*  wcdithiL     U'iik  m.      i 
Photoifraphi.     4to  cloth,  lOi,  6rf.  ^     /*      "  im  *     J| 
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MR.    F.    J.    OANT,    F.R.O.8. 

THE  PEINCIPLES  OF  SURGERT  :    Clinical,  Medical,  and  Opera- 

tive.     With  Engravings.     8va  cloth,  I3s. 

THE  IRRITABLE   BLADDER :  its  Causes  and  Curative  Treatment 

Post  8vo.  cbth,  4*.  6d.  — — -—^ 

DR.   QIBB,   M.R.O.P. 

ON   DISEASES  OF   THE   THROAT   AND   WINDPIPE,    « 

reflected  by  the  Laryngoscope.     Second  Edition.    With  116  EngiaTingi.     Post  8vo. 

cloth,  10#.  6d.  

MRS.    QOOFREY. 

ON  THE  NATURE,  PREVENTION,  TREATMENT,  AND  CURE 

OF  SPINAL  CURVATURES  and  DEFORMITIES  of  the  CHEST  and  LIMBS, 
without  ARTIFICIAL  SUPPORTS  or  any  MECHANICAL  APPLIANCES. 
Third  Edition,  Reyised  and  Enlarged.     Sto.  cloth,  5«. 

DR.    GORDON,    M.D.,    O.B. 

ARMY  HYGIENE    8vo.  doth,  26*. 

CHINA,   FROM   A  MEDICAl"*  POINT   OF  VIEW,  IN  1860 

AND  1861;  With  a  Chapter  on  Nagasaki  as  a  Sanatarium.    8vo.  cloth,  10s.  6d, 
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Eognivii^  ^  SevenUi  Edition.     Foolseap  8 to.  doUi»  7«.  6(^. 


With 


DR,    ij.    BOWER    HARRISON^    M.D.,    M.R.C,P. 
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Sva,  2ff.  6rf.  II. 

ON  THE    PHYSICAL  EDUCATION  OF  CHILDREN. 
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OF   EPIDEMIC   DISEASES.    Accompanied  with  Tables,     Bm  doth»  7i. 
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